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Abstract

The biological events occurring in the body are complex and challenging to decode. The expression,
production, secretion and interaction of proteins, peptides and small molecules often occur in a fast
manner and at low concentrations. Methods used to quantify these events must be rapid, selective,
sensitive and robust. In recent years, new variations of affinity methodologies have been developed
to facilitate quantitation of these biomolecules. This review will focus on selected affinity techniques
that have described multi-analyte measurement, high sensitivity techniques, or the application of new
affinity reagents applied to conventional technologies to measure analytes involved in cell
communication and biomarkers produced in specific disease states.

Introduction

Cellular interactions and signaling are responsible for controlling all processes in the body.
Cells interact by communicating with one another via gap junctions or secreted factors. While
gap junctions serve to communicate to neighboring cells, secreted factors can be used to signal
either locally or globally. One of the most common examples of cellular communication by
secreted factors is the exocytotic release from neurons. An example of this type of
communication is in neurotransmitters released from chromaffin cells affecting the Ca2* entry
in neighboring cells and the original cell via paracrine and autocrine pathways, respectively.1

For the purpose of this review, we will also consider biomarkers to be another form of cellular
communication. Although some biomarkers do not communicate directly with other cells, these
molecules can communicate to a clinician the state of the body with respect to a specific disease.
For example, the American Cancer Society recommends measurement of the biomarker
prostate specific antigen (PSA) to men who are at risk of developing prostate cancer as the
level of this protein can be used to gauge the diagnosis of this disease.

There are unique challenges associated with measuring cellular communication either from
exocytotic pathways or biomarkers. The analytical methods used must be rapid, selective,
sensitive, and if performed over long periods of times, automated. To achieve these
characteristics, immunoassays, or affinity assays in general, have been widely utilized. A new
class of affinity reagents, aptamers, has also been used as an alternative to antibodies and may
enable a more cost effective approach to affinity assays in the future.

The number of publications relating to affinity assays is extensive and this article is not meant
to be a comprehensive review. Rather, we have attempted to select several reports from recent
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years that have measured biomarkers or cellular communication. In addition to selecting reports
focusing on these applications, we have also highlighted emerging technologies in affinity
assays, such as multi-analyte measurement, high sensitivity detection techniques, and the use
of novel affinity reagents in traditional assays.

Multi-analyte affinity assays

Development of affinity assays that can quantify multiple analytes simultaneously or a single
analyte in a high throughput fashion is an important aspect of deciphering cellular
communication. In the following examples, we review several examples of new methodologies
for increased measurement throughput.

Cytokines are important messenger proteins in cellular communication networks regulating
immunological and inflammatory response. In a recent publication, enzyme-linked
immunosorbent assays (ELISA) and cytometric bead-based multiplex immunoassays were
compared for detection of cytokines in biofluids.3 In cytometric bead-based assays, beads of
discrete fluorescence intensities and wavelengths provide a capture surface for specific proteins
enabling detection of multiple analytes in a single sample. A report by Morgan et al. reviewed
the use of cytometric bead array (CBA) systems for the measurement of multiple cytokines in
various applications such as detection of inflammatory markers and investigation of
intracellular signaling.4 Some of the advantages of bead-based immunoassays over ELISA for
measurement of cytokines include the multiplex nature of the technique, smaller sample
volumes and dilutions, and higher-throughput evaluation of multiple analytes in a single
platform. For example, CBA was used to measure 6 cytokines in a 15 uL. microdialysis sample
collected from cultured macrophages stimulated with bacterial Iipopolysaccharide.5 The
ability to analyze small dialysate samples by CBA allowed for an increased sampling
frequency, which resulted in a temporal profile of cytokine release from macrophages. In
another study, the role of oxysterols on the secretion of cytokines from monocytes found in
atheromatous plaques and plasma of atherosclerotic patients was investigated.® Various
cytometric bead-based immunoassays were used to quantify the levels of up to 17 cytokines
simultaneously in the culture supernatant of cells stimulated with oxysterols. Results showed
that oxysterols induced the secretion of pro-inflammatory cytokines in vitro and indicated that
interleukin-8 (1L-8) was involved in the MEK/ERKZ/2 cell signaling pathway.

To increase analysis throughput, improve sensitivity and allow for more automated analyses,
immunoassays have been performed in combination with capillary electrophoresis combining
immuno-recognition with high efficiency separations. Capillary electrophoresis
immunoassays have been used to measure expression and/or secretion of a variety of proteins
and peptides from cells. We have simultaneously quantified intracellular levels of insulin and
glucagon from islets of Langerhans using a two-color detection scheme with capillary
electrophoresis immunoassays.7 Glucagon and insulin are secreted from pancreatic a- and p-
cells, respectively, in response to blood glucose levels. Proper secretion of these peptides is
critical for maintaining systemic glucose homeostasis. With a traditional single-color detection
mode, simultaneous quantitation of these 2 peptides would be difficult as the mobility of the
bound peaks were approximately equal hindering accurate quantitation of either peak. Even
with the inclusion of an internal standard, quantitation would be difficult as the concentration
of insulin was 20-fold higher than glucagon, creating a large difference in the concentration of
reagents needed. To achieve simultaneous quantitation, separate fluorescent dyes were used
for each assay: fluorescein isothiocyanate (FITC) for insulin and Cy5 for glucagon. The ability
to spectrally-resolve the two electropherograms (Aey = 488 Nm Agm = 520 nm for insulin, Aey
=635 nm A, = 665 nm for glucagon) enabled simultaneous quantitation of both analytes even
though electrophoretic resolution was low. Examples of electropherograms and calibration
curves are shown in Fig. 1. Limits of detection were 7 nM for insulin and 3 nM for glucagon
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and amounts of insulin and glucagon measured in islets were 56.6 + 3.2 and 1.0 = 0.5 ng/islet,
respectively, which agreed with literature values.”

While the aforementioned bead-based and electrophoresis-based assays have focused on multi-
analyte immunoassays, another way to increase throughput is through the development of
parallel single analyte immunoassays. In one example, 4 individual immunoassays were
combined onto a single microfluidic device enabling serial immunoassays to be performed in
parallel.8 A total of 1450 analyses were performed in less than 40 min, monitoring insulin
secretion from 4 islets every 6.25 s.

Cesaro-Tadic et al. also achieved low limits of detection (~ 1 pM) and low sample volumes (~
600 nL) while performing multiple analyses in parallel using microfluidic-based surface
immunoassays.9 A sandwich fluorescence immunoassay was used to measure the secretion of
tumor necrosis factor a( TNF-a), a cytokine involved in many chronic inflammatory
pathological states, from dendritic cells. The surface of a PDMS block was coated with capture
monoclonal antibodies against TNF-o, and subsequently placed on an array of capillary
systems containing a flow of cell culture supernatant. The reacted PDMS block was then placed
on a second array of capillary systems containing a flow of fluorescently-labeled detection
antibody solution at varying concentrations. With this method, simultaneous calibration curves
and analysis can be performed dramatically decreasing the analysis time. This format of
immunoassay should enable the use of multiple capture antibodies to make it amenable to
simultaneous measurement of multiple analytes.

In an effort to improve their technique, the same research group published the theoretical
modeling of these surface immunoassays. They used a combination of experimental data and
theory to better understand and improve the transport of analytes in microchannels, as well as
the binding kinetics between analytes in a flow of solution and immobilized antibodies.10

A recent publication has demonstrated the use of a cleaved-tag immunoassay in the detection
of 4 biomarkers for acute myocardial infarction.1L In this type of sandwich immunoassay,
analyte is captured from solution by antibody-coated beads. A secondary antibody tagged with
a unique fluorophore is added to sandwich the analyte. The fluorescent tags are then cleaved
from the secondary antibody and separated by micellar electrokinetic chromatography. One
benefit of this assay is the ease of multiplexing for different antigens with both the high
resolving power of the separation step and the spectroscopic resolution of the tags.

High-sensitivity detection schemes for affinity assays

Although the more traditional immunoassay methodologies described above are still
extensively used and constantly improved, novel and less conventional detection techniques
have recently been developed to increase the sensitivity of immunoassay analysis.

For ultra-sensitive detection of proteins and biomarkers, bio-barcode assays have been
developed. In one type of these assays, a sandwich format is utilized with antibody-
functionalized magnetic particles to capture antigen. DNA-decorated nanoparticles coated with
a secondary antibody are then added to the mixture and downstream capture of DNA and
subsequent detection is used as an indirect marker of antigen. This type of bio-barcode assay,
shown in Fig. 2, allowed for detection of 300 copies of PSA in serum.12

A hybrid method combining immunoassay and the polymerase chain reaction (PCR) termed
immuno-PCR has also been used for measurement of various proteins released from cells. In
contrast to the aforementioned bio-barcode assays, the DNA strands are directly linked to
antibodies in immuno-PCR. Quantitation can be accomplished via real-time PCR amplification
of the DNA bound to the antibodies. These assays have been used to detect various biomarkers
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of diseases, such as PSA.13 The major advantage of immuno-PCR is signal amplification; in
theory, single copies of target can be detected. Both the bio-barcode and immuno-PCR should
be amenable to simultaneous detection of multiple analytes using different primer sets or
different templates that would produce different sizes of amplified DNA. These ultra-sensitive
assays have recently been reviewed.14 Other non-traditional detection systems, such as surface
plasmon resonance, quartz crystal microbalance, and cantilever-based immunosensors have
also been recently reviewed. 516

Aptamer-based affinity reagents

In addition to the use of antibodies, aptamers are beginning to gain popularity as affinity
reagents in various assays. Aptamers are single-stranded DNA or RNA oligonucleotides that
bind specifically to target molecules that can range from small organic species to proteins.
Nucleic acid aptamers are obtained from a library of random sequences of synthetic DNA or
RNA which are subjected to repeated rounds of in vitro selection, also known as systematic
evolution of ligands by exponential enrichment (SELEX). The selection of these
oligonucleotides for specific target molecules is repeated with increasing binding affinity in
each round of enrichment. Cells are constantly in communication with the local environment
through membrane proteins or other surface functionalities. The Tan group has developed a
method to select aptamers for cancer cells over normal cells by targeting unknown differences
in the surface antigens of these cells. With their method, the biomarkers specific for that type
of cancer do not need to be known before selection as any aptamers that bind both surface
antigens (normal and cancer cells) are not used.

In one example, this group used cell-based aptamer selection to target membrane proteins from
a specific tumor cell line (CCRF-CEM cells, from precursor T cell acute lymphoblastic
leukemia), using a different tumor cell line as the negative control (Ramos cells, B cells from
human Burkitt’s Iymphoma).17 To produce these aptamers, the library of single stranded DNA
sequences were incubated with CCRF-CEM cells. The cells were then washed and bound DNA
sequences eluted from the cells. The eluted DNA sequences were later incubated with Ramos
cells and unbound sequences were collected and used for subsequent rounds of selection. The
selection process was monitored by flow cytometry and resulted in the enrichment of target
cell-specific aptamers, with several aptamers having dissociation constants in the nanomolar
to picomolar range. A schematic representation of the SELEX process and summary table of
the ability of selected aptamers to detect cancer cells closely related to CCRF-CEM are
presented in Fig. 3.

The Krylov group has also used aptamer-based methods for the detection of cell biomarkers.
They recently reported the development of an “aptamer-facilitated biomarker discovery”
method to distinguish between live, mature and immature dendritic cells.18 Upon exposure to
infection, the immature cells present in the body transforms into mature cells by presenting
specific proteins on their surface that will activate T-cells. These biomarkers of cell maturation
are important for the development of dendritic cell-based cancer vaccines. The method is based
on a multi-round selection process that generates aptamers for differential molecular targets
present on the surface of the cells. Minor differences in these biomarkers can be detected
between two cell populations if these differences persist from round to round, improving the
efficiency of the method and classification of the cells.

Finally, aptamers have also been used to assay cytokines and growth factors. Guthrie et al. has
reviewed the various aptamer-based methods developed for detection of these specific analytes.
19 As shown in these selected examples, nucleic acid aptamers are versatile and may be a
cheaper alternative to antibodies for the discovery and monitoring of biomarkers.
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Conclusions and outlook

As demonstrated by the studies highlighted in this article, affinity assays are ideal
methodologies to measure various aspects of cell chemistry. One of the most important
characteristics of these assays is the specific recognition of an analyte of interest in complex
chemical or biological matrices. While these techniques have been extensively used to study
biomarkers and cell communication events, there are areas where the assays can be improved.

Future developments in immunoassay technology ought to include better automation of the
procedure to provide more reproducible analyses and higher throughput. Additionally,
improvement in detection sensitivity should be a goal of new method development as a majority
of biological events occurs at low analyte levels. Finally, we believe that multiplexed assays
for simultaneous quantitation of different analytes will be valuable to the scientific community.
The biological “language” involves multiple peptides and proteins and only their simultaneous
detection will allow us to understand and potentially control the processes that go awry in
disease states.
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Fig. 1.

(A) Typical electropherograms obtained from the dual-color simultaneous capillary
immunoassay for insulin and glucagon. Reagent concentrations were 800 nM FITC-insulin
(Ins*), 400 nM insulin Ab, 40 nM Cy5-Glu (Glu*), and 20 nM glucagon Ab. Note difference
in insulin and glucagon peak intensities due to the large difference in reagent concentrations.
(B) Dual calibration curves obtained simultaneously and used to determine insulin and
glucagon content in islets of Langerhans. Reprinted with permission from reference 7
(Copyright 2008, Wiley-VCH).
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Fig. 2.

Principle of the bio-barcode assay and its implementation in a microfluidic format. Magnetic
particles are functionalized with monoclonal antibodies and introduced into the separation
portion of the device. The sample and gold nanoparticles functionalized with polyclonal
antibodies and barcode DNA are then added to the magnetic particles, held in place by a magnet
placed under the chip. After immunorecognition reaction, the DNA barcode is released from
the gold nanoparticles and transferred to the detection channel, which is patterned with capture
DNA. Complementary barcode DNA immobilized on a second set of gold nanoparticles are
introduced into the detection channel to allow hybridization. Signal from the gold nanoparticle
is then amplified using silver stain. Reprinted with permission from reference 12 (Copyright
2006, Royal Society of Chemistry).
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Fig. 3.

Schematic principle of cell-based aptamer selection. Aptamers are first selected against tumor
cells followed by a negative selection against normal cells. Oligonucleotides that bind cancer
cells but not normal cells are kept and subjected to repeat selections. Reprinted with permission
from reference 1 (Copyrlght 2006, National Academy of Sciences).

Analyst. Author manuscript; available in PMC 2009 November 1.



