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Overview of Multiplex Immunoassays

ABSTRACT
The ability to measure the multiple proteins precisely and simultaneously in a single biological 

sample has revolutionized the diagnostic and experimental research. The value of multiplex 
measurement is slowly and progressively establishing itself in the studies of comprehensive 
proteomic surveys, protein networks and pathways, validation of genomic discoveries and in 
the development of clinical biomarker. Currently, a great numbers of multiplexing technologies 
have been developed and used in the biomedical research and clinical diagnostics. This chapter 
will provide an insight of multiplexed immunoassays and will evaluate the current and future 
platforms with multiplexing capabilities along with their applications in biomedical research and 
clinical diagnostics.
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INTRODUCTION
For the last four decades, immunoassays have revolutionized the diagnostic field. Immunoassays 

allow for sensitive and specific detection of various target structures in complex biological sample 
and are widely accepted tool in hospitals, laboratory medicine and research to improve the health 
and well-being of humans as well as in animals. Since their introduction in early 1960s (RIA; 
Radio Immuno Assay) or 1970s (ELISA; Enzyme Linked Immuno Sorbent Assay), have become 
an indispensable analytical tool in wide range of applications including clinical diagnostics and 
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has shortened hospital stays and decreased the severity of illness by identifying and assessing 
the progression of disease, thereby leading to improved therapeutic choices. Its application in 
research and diagnosis as well as also been widely used in industries as analytical and quality 
control tool such as detection of contaminants in food, water and monitoring specific molecules 
during product processing. The impact of these assays on research and clinical diagnosis is 
enormous, with almost 10,000 studies published per year seen in two synonymic words; “enzyme 
immunoassay” or “enzyme-linked immunoassay” [1].

Although conventional immunoassay has great advantage in identifying one or two target 
proteins, but some drawbacks such as labor intensiveness, requirement of large amount of sample 
and procedure is laborious, and above all still very expensive for the number of developing and 
undeveloped nations to use it . This led to the discovery of low-cost, flexible and high throughput 
methods for simultaneous detection of multiple proteins in parallel in a single assay (multiplexed 
immunoassay). In 1989, Ekins described microarray technology principles in the ambient analyte 
theory which lead to opening of new door in the field of diagnostic and research. Ekins’s theory 
stated that a tiny spot of purified antibody (or any other macromolecule) provides substantially 
better sensitivity than when used in large amounts. Fueled by large-scale genome sequencing 
projects, DNA microarray technology became the first application of this theory and has been 
widely used in gene expression profiling [2-6]. However; biological functions are carried out 
primarily by proteins rather than nucleic acids. Furthermore, RNA expression levels do not 
always correlate with protein expression levels, and it is almost impossible to predict biochemical 
properties of a protein encoded by a given gene simply based on its expression profiles. Therefore, 
by focusing on studies of protein structures functionalities and protein–protein interactions one 
can more directly characterize biological function of a given gene [7].

Now days, increasing awareness of the multifactorial nature of various diseases and 
pathological states viz. cancer, sepsis, etc. 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 screenings. Of note, multiplex immune analysis is perfectly suited for diagnostics 
of immune system disorders (autoimmune diseases) and allergies. Being widely used in basic 
research, multiplex methodologies are slowly penetrating in to the in vitro diagnostics market [8]. 
Hence, time of their significant implementation is probably about to come. 

This chapter is an effort to endow with us the capabilities of multiplex immunoassay and will 
discuss the capabilities of multiplex immunoassay. 

Currently, two main streams of multiplex immunoanalysis 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 (position vs. bead 
characteristics).
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BASIC OF MULTIPLEXED IMMUNOASSAYS
Multiplexed immunoassays are based on traditional immunoassay principle, except that in 

these methods high-affinity capture ligands are immobilized either in planar format (flat surface) 
or on microspheres in suspension that binds to target analaytes of sample. Subsequently, multiple 
analytes can be analyzed in a single reaction set up. Currently two major approaches were used 
for multiplex assay one is use of planar microarrays second the use of Suspension array (encoded-
micro particle arrays).

PLANNER/ ANTIBODY MICROARRAY
The best way to describe the Planner microarray is array of multiple ligands immobilized on 

two dimensional grid containing microspots. Each spot or group of spots represents a unique 
target binding site. It is one of the emerging proteomic technologies and recently becoming 
critical tools in biochemistry and molecular biology. Currently two classes of protein microarrays 
are available (1) analytical and (2) functional protein microarrays. Analytical protein microarrays 
are mostly antibody based. This became one of the most powerful multiplexed detection 
technologies. Functional protein microarrays are being increasingly applied to many areas of 
biological discovery, including studies of protein interaction, biochemical activity and immune 
responses. Great progress has been achieved in both classes of protein microarrays in terms of 
sensitivity, specificity and expanded application.

These assays are generally also known as protein chip assay. They are highly miniaturized and 
contain small amounts of purified proteins in a high-density format and allow the simultaneous 
determination of a great variety of analytes from small amounts of samples within a single 
experiment. This property makes it as one of the advance tool in the field of bio-medical research 
[9].

These assays are typically prepared by immobilizing proteins onto a microscope slide using 
a standard contact spotter. After proteins are immobilized on the slides, they can be probed for 
a variety of functions/activities. Finally, the resulting signals are usually measured by detecting 
fluorescent or radioisotope labels. The typical image of protein microarrays is shown as Figure 1.

Working Principle of Analytical Microarray

Analytical protein microarrays are usually composed of well-characterized biomolecules with 
specific binding activities, such as antibodies; to analyze the components of complex biological 
samples (e.g., serum and cell lysates) or to determine whether a sample contains a specific protein 
of interest. They have been used for protein expression profiling, biomarker identification, cell 
surface marker/glycosylation profiling, clinical diagnosis and environmental/food safety analysis. 
In this array the matrix is a patterned surface where the recognition molecules are immobilized 
by microprinting or microstructuring processes (Figure 1a). An optical matrix on microparticles 
is also possible by mapping with a chromogenic code. The 2D readout is achieved by scanning or 
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imaging the patterned surface (Figure 1b) by means of a sensor array, by parallel arrangement of 
segmented channels or by parallel detection of two bits of optical information (e.g. two different 
fluorescence emission wavelengths) encoded in microparticles. Quantitative results with an 
analytical microarray are obtained by calibration with standardized analytes (Figure 1c). Data 
analysis of an analytical microarray cab be achieved with software for image processing [10].
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Figure 1: Schematic diagram of (a) immobilized matrix (b) Detection after sample 
processing and (c) data analysis for a quantitative analytical microarray.

Working Principle of Functional Microarray

On the other hand, functional protein microarrays are constructed by printing a large number 
of individually purified proteins and are mainly used to comprehensively query biochemistry 
properties and activities of those immobilized proteins. In principle, it is feasible to print arrays 
comprised of virtually all annotated proteins of a given organism, effectively comprising a whole 
proteome microarray. Functional microarrays have been successfully applied to identify protein-
protein, protein-lipid, protein-antibody, protein small molecules, protein-DNA, protein-RNA, 
lectin-glycan and lectin-cell interactions to identify substrates or enzymes in phosphorylation, 
ubiquitylation, acetylation and nitrosylation as well as to profile immune responses.

These microarrays are composed of full length functional protein or protein domain. These 
protein chips are used to study the biochemical activities of an entire proteome in a single 
experiment. Capturing protein molecules with high specificity and selectivity are the essential 
prerequisite for the design and fabrication of fuctional microarrays [11-13].

SUSPENSION ARRAY
Suspension arrays of microspheres analysis using flow cytometry offer a new approach to 

multiplexed assays for large-scale screening applications. By optically encoding micron-sized 
polymer particles, suspension microarrays can be created to enable highly multiplexed analysis 
of complex samples. Each element in the array is comprised of a subpopulation of particles with 
distinct optical properties and each array element bears a different surface receptor. Nucleic 
acids, proteins, lipids or carbohydrates can serve as receptors to support the analysis of a wide 
range of biomolecular assemblies and applications in genomic and proteomic research are being 
developed. Coupled with recent innovations for rapid serial analysis of samples, molecular 
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analysis with microsphere arrays holds significant potential as a general analysis platform for 
both research and clinical applications.

Suspension array employs encoded microspheres as array elements that bear specific receptor 
molecule with distinct optical properties, such as light scatter or fluorescence from an internal 
dye are used as solid supports for a variety of molecular analyses. By careful adjustment of these 
intrinsic optical properties, it is possible to prepare arrays of microspheres in which individual 
microsphere subsets can be identified and used to perform multiplexed analysis. Conceptually, 
microsphere arrays are similar to flat-surface microarrays, with distinct quanta of an intrinsic 
optical parameter substituting for physical location on a surface. Beyond this similarity, 
microsphere arrays and flat-surface arrays differ significantly in their implementation. The use 
of optically encoded microspheres as array elements affects issues such as array preparation, 
density and flexibility.

Working Principle of Suspension Array

Similar to ELISA, a majority of assays are designed according to a capture sandwich 
immunoassay format. In case of suspension arrays, micrometre-sized solid particles known as 
beads are used for attaching probe biomolecules, such as antigens for immunoassays. The probes 
are attached by reacting different particles (in suspension) with solutions of different probes, 
thus reducing the problems associated with attaching molecules to microarrays. For a typical 
assay, a selection of different particles is used, each with a different probes attached. A suspension 
of such particles is reacted with the sample and the binding measured. Unlike a microarray, where 
the molecular probe is identified from its location in a matrix, each particle must carry a unique 
identifier, i.e. a tag or code, as shown in Figure 2. After reaction every particle is analyzed for 
(a) fluorescence indicating binding of (antibody) and (b) the unique code. The combination of 
these two allows identification of the probe molecule and therefore the antibodies present in the 
sample.

Particles can be analyzed in microfluidic systems, providing a high throughput platform, 
which can be integrated into low-cost devices for biochemical research and point-of-care 
medical diagnostic applications [15-16]. Potentially particles could be directed post analysis 
into different reaction vessels, for split-and-mix synthesis where molecules such as a peptides or 
oligonucleotides are progressively and combinatorial synthesized on the beads [17]. The number 
of codes required for a bead-based assay technology depends on the assay; some immunoassays 
only require the identification of a few tens of antibodies in the sample [14]. By contrast, assay 
studies of biological processes such as gene expression and protein–protein interaction can 
require very large numbers of codes (around 104 – 105) Other assays that involve combinatorial 
synthesis of large numbers of compounds, such as drug discovery assays, require similarly large 
numbers of codes.

A microparticle encoding technique must satisfy a number of requirements: It must be 
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machine-readable by non-contact methods; suitable for encoding particles of tens of microns in 
size; unaffected by the biochemical reactions; robust, with low error rate; able to encode large 
numbers of particles, each with a unique code; implementable on materials which are compatible 
with biomolecule attachment and amenable to low-cost mass production (particularly important 
for diagnostic applications). A large number of techniques have been proposed for encoding 
beads, some of which have been reviewed elsewhere [18,19] and research in this area has been 
extensive.

Figure 2:  Suspension Array (bead based assay). The probe molecules being attached to 
different site on a slide, each probe is attached to a different bead. Since the beads do not have a 
well defined position, each must have some kind of code which allows it to be identified after the 

reactions have taken place.

A COMPARISON OF PLANAR MICROARRAYS AND SUSPENSION 
BEAD ARRAYS

Capture analytes in both cases are bound to a solid substrate. In the case of planar micro 
arrays, the capture analytes are covalently bound to the surface of the microarray. They cannot 
interact with each other in solution, as can capture analytes attached to beads in suspension. 
The miniaturization of printed microarrays provides a platform where the detecting proteins in 
solution are in excess concentration over the capture analytes bound to the microarray. Increased 
concentration means faster binding kinetics and increased sensitivity to provide more sensitive 
and reproducible results. Planar microarray data quality is checked by careful examination of 
the raw data. Bead array flow cytometer detection instruments do not provide any raw data. 
Bead suspensions depend on redundancy in the system to provide data. Bead array platforms 
cannot use label-free detection methods, whereas microarray spot locations define and identify 
the capture analytes and only a single image scan is required. Exposure to light damages beads 
to deliver misleading results. Beads cannot multiplex at both the antigen and antibody level as 
can only be done by planar microarray. In bead suspension systems, only single beads that are in 
suspension are counted. All beads aggregated at the bottom of the well or attracted or bound to 
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other beads are not interrogated to contribute data, leading to becoming a false-negative result 
[20].

Figure 3: Schematic representation of Planner and Suspension microarrays. Either planar 
microarrays or bead-based arrays can be employed for multiplexed ligand-binding assays. 

Planar microarrays can be generated with hundreds and thousands of different capture spots 
whereas multiplexing in bead based arrays is limited to the number of distinguishable beads. 

The separation of beads is performed via colour- (Luminex) or size-coding (BD) of capture 
beads. In planar arrays analyte spots are easily distinguishable by their xy-coordinates in the 

array. Detection on planar arrays is performed using either chemoluminescence, radioactivity, 
mass spectrometry or fluorescence. The latter is the preferred detection method for bound 

analytes in bead-based microarray assays. (Courtesy: Dieter Stoll et al, 2004; Drug Discovery 
Today:  2004, 9(24 Suppl):S10-7.)

APPLICATION OF MULTIPLEX IMMUNO ASSAY
The biochemistries of thousands of proteins can be characterized and quantified in a parallel 

format through the use of multiplexed immunoassays. Unlike the early assays functional 
microarrays provide a flexible platform that allows detection of a wide range of protein 
biochemical properties. This technology enables the researcher and clinical diagnostic people to 
get more information from the biomolecule with minimal assay time, cost and sample volume. 
Robinson (2002) shows that antibody arrays to be very promising tools to study auto antigen and 
autoantibody responses in autoimmune diseases [21]. Till date, well-developed assays include 
detection of various types of protein-ligand interactions, such as protein-protein, protein-DNA, 
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protein- RNA, protein-lipid, protein-drug, protein-glycan and identification of substrates of 
various classes of enzymes. Application of these assays has had a profound impact on a wide 
range of research and diagnostic areas. A number of multiplex assays have been developed for the 
diagnostic market. Currently multiplexing technology Luminex xMAP platform is most commonly 
used in commercial assay. It combines advanced fluidics, optics and digital signal processing 
with proprietary microsphere technology to deliver multiplexed assay capabilities and the 
most important thing with this technology is that it is open technology make it access to leading 
diagnostic companies to use this technology [39].

Companies like Bio-Rad, Qiagen, Invitrogen, Millipore, EMD, Origene, Perkin Elimer are 
launching their diagnostic kits based on this technology for biomarker discovery, drug discovery, 
infectious disease and HLA testing (Table 1). 

Suspension  microsphere based multiplexed immunoassays have been used to analyze the 
expression of cytokines, chemokines and growth factors in diverse samples (serum, plasma and 
tissue culture) and therefore serve as a very straightforward approach for biomarker discovery 
[22-30]. Cytokines, chemokines and growth factors are cell signaling proteins that mediate a wide 
range of physiological responses including immunity, inflammation and  hematopoiesis. Changes 
in the levels of these biomarkers are associated with a spectrum of diseases ranging from tumor 
growth to infections and leads to Parkinson’s disease [31-39]. 

Table 1: Examples of commercially available planar multiplex assay accessible for cytokine 
profiling, protein profiling, protein interaction studies and for reverse screening comparative.

Recently Bio Rad Company develops a multiplex immunoassay named 53-plex. This multiplex 
assay can simultaneously detect 53 different kind of protein in sample. This help the investigator 
for better diagnose of the subject. 

Recently, Rules Based Medicine has developed a cancer biomarker panel (Human 
OncologyMAP®) for quantitative measurement of 101 cancer-associated serum proteins. This 

S.No Product Name Application Manufacturer 

1 Panorama™ Ab Microarray Cell Signalling Kit™ Protein analysis Sigma -Aldrich.

2 BD Clontech™ Ab Microarray Protein analysis BD Biosciences.

3 Rolling circle amplification
technology (RCAT™) Protein profiling Molecular Staging Inc.

4 RayBio™ Cytokine Arrays Cytokine profiling RayBiotech Inc.

5 Zyomyx Protein Profiling
Biochip System Cytokine profiling Zyomyx Inc.

6 ProVision™ HCA Cytokine profiling Schleicher & Schuell
Bioscience.

7 SearchLight™ Arrays Cytokine profiling Pierce Biotech Inc.

8 ZeptoMAR™ CeLyA Cell Lysate
Arrays Reverse screening Zeptosens AG.

9 SELDI Protein Chip® technology Reverse screening Ciphergen Biosystems Inc.

10 The Yeast ProtoArray™ Protein interaction studies Protometrix Inc.
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novel tool is based on encoded microsphere multiplexing technology and offers a powerful tool to 
aid in the discovery and development of new oncology drugs and diagnostics [36-38].

Proteomic research, high-throughput drug compound screening and diagnostic applications 
will lead to a growing demand for multiplex immunoassay technologies. In medical research, 
these assays can significantly accelerate immune diagnostics by enabling the analysis of all 
relevant diagnostic parameters simultaneously. In addition, the reduction of sample volume is 
of great importance, in particular on occasions when the samples are limited as in the analysis of 
multiple tumor markers from biopsy material. Screening of large well-defined sample collections 
will allow the identification of panels of biomarkers related to disease predisposition, progression 
and response to treatment. This technology will help accelerate the drug development process 
and uncover new possibilities with respect to patient monitoring during clinical tests, disease 
treatment and therapy.

SUMMARY AND FUTURE PROSPECT OF MULTIPLEXED 
IMMUNOASSAY

Multiplexed immunoassays allow simultaneous measurement of multiple proteins in a single 
biological sample. They have demonstrated comparable sensitivity to traditional ELISAs, making 
them great potential for both basic research and clinical diagnostics where assays required 
multiplexing in small sample volume. Currently, a great numbers of multiplexing technologies 
have been developed and used in the biomedical research and clinical diagnostics. The optically 
encoded microsphere-based technology is the most advanced multiplexing technology and has 
been commercialized on the market. Optically encoded microsphere-based technology offers a 
robust and efficient approach for setting up multiplexed assays and makes multiplexing assays 
feasible by flow cytometry. However, there are still a number of challenges to be overcome before 
encoded microsphere based multiplexing platforms can be fully applied in the field of clinical 
diagnostics. The need to overcome these challenges motivate people to continue to develop 
robust, sensitive, specific, rapid and high-through assays with multiplex capabilities that can 
fulfill the expectations and demands for basic biomedical research and clinical application.
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