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ABSTRACT
The invention features a method of adjusting the concentra
tion of at least one but not allofa plurality of analytes in a fluid
sample to match a known working range of detection of an
analyte assay system, where each of the plurality of analytes
may or may not be present within an expected initial concen
tration range having a high end and a low end, and at least one
analyte has a high end expected concentration range that
exceeds the high end of the working range of the assay sys
tem. The expected concentration of the high concentration
analyte is adjusted by a proportional scaling constant, C. So

this
the high end ofth it.
is less t an or equa to the high end o

t range

t e Work1ng range,

without adjusting the expected concentration range of at least
one other of the plurality of analytes. Adjustment is prefer
ably accomplished by adding to the Solution phase of the
assay one or more Scaling agents, each scaling agent binding
with specificity to an analyte and thereby preventing it from
being detected by the assay system, e.g., by competing with
binding to immobilized capture agent. This scaling method
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contrasts with prior methods, in which a concentration of
available analyte is offset by a fixed amount to adjust the
detectable threshold of the assay. Here, the amount of scaling
agent is proportional to a scaling coefficient, and the scaling
agent is present in the Solution phase of the assay at high
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concentrations relative to analyte. Due to the equilibrium
conditions established by the laws of mass transfer, the
amount of free analyte remaining in Solution in the presence
of scaling agentis predictable and finite, and can be measured
as a quantitative indicator of the initial concentration of the
analyte in the sample.
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METHOD OF ADJUSTING THE WORKING
RANGE OF MIUILT-ANALYTE ASSAY
REFERENCE TO PRIORAPPLICATION

0001. This application is a divisional of application Ser.
No. 1 1/221,198, filed Sep. 6, 2005 (hereby incorporated by
reference), which claims the benefit of U.S. Provisional
Patent Application Ser. No. 60/650,324, filed Feb. 4, 2005
(hereby incorporated by reference).
FIELD OF THE INVENTION

0002 This invention relates to methods for using multi
plexed immunoassays to quantify simultaneously the concen
tration of multiple analytes in a liquid sample.
BACKGROUND OF THE INVENTION

0003 Practical immunodiagnostic tests for in vitro detec
tion of analytes in fluid samples are highly specific but vary in
speed, sensitivity, and the degree to which they are qualitative
or quantitative. They also vary widely in assay methods used,
from solution based assays to those that are formulated on
Solid Supports, such as beads, membranes, lateral flow strips,
microtiter plates, biochips, and planar or semi-planar Sub
strates such as coated slides. Quantitative immunoassays are
usually associated with automated platforms designed to run
high-throughput assays in a clinical environment. These sys
tems are typically designed to measure a single analyte for
each sample-test. Other assay methods such as ELISA plate
and lateral flow assay can also be automated but are limited in
the ability to multiplex.
0004 Common methods used for inexpensive, qualitative
testing are the dipstick and lateral flow strip formats. These
assays are also typically designed to test for a single, or at
most only a few, analytes per assay. Such test devices are
usually designed to produce a visual signal on the Solid Sup
port that can be observed by the naked eye, providing only a
qualitative, or at best a semi-quantitative, test result. The
sensitivity of the lateral flow format is generally maximized
by increasing the strength of the visible signal, which
decreases the lower limit of detection of the assay (LLD). In
Some cases, however, optimizing the visual signal creates an
assay that is too sensitive, because the assays detect a con
centration of analyte below the desired detection level,
thereby leading to false positives. The sensitivity of the assay
no-longer matches the concentration range over which one
wishes to detect the analyte. In Such cases, lateral flow assays
have been adjusted by adding Small increments of adjustment
antibodies to offset the signal, so that a positive test signal is
only observed when the analyte is present at or above a
predetermined threshold.
0005. A new generation of immunoassays is being devel
oped to better meet the needs of clinicians and researchers.
Multiplexed immunoassays are designed to measure multiple
(e.g., as high as 42 or more) analytes in a single-sample test.
These assays provide the potential to reduce costs and mini
mize sample Volumes in certain Volume-sensitive applica
tions. Sample Volume requirement is reduced by measuring a
number of analytes in a single sample. Examples of sample
limited applications include pediatric testing in diagnostics,
animal model testing in research, and the screening of serum
banks to develop disease-specific biomarkers. In each of these
cases, the Volume of sample available for testing is limited.
Microarray technology provides a promising platform for
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assaying multiplexed immunoassays that can potentially pro
vide more sensitive and quantitative methods for measuring
the concentration of multiple analytes within a single assay.
The term “microarray' refers to a solid, planar or semi-planar
Substrate on which are arranged a set of microscopic spatially
distinct areas, or spots, to which are attached one or more
capture molecules. The intensity of the signal resulting from
the assay is quantified using an optical imager.
0006 Two parameters that are often used to describe the
capability of a microarray assay are the lowest level of detec
tion (LLD) and the working range. The LLD is the lowest
analyte concentration that can be reliably quantified in the
assay, and is a measure of the sensitivity of the assay. The
working range, also variously referred to as the dynamic
range or the assay range, is the range of analyte concentra
tions over which a change in concentration can be reliably
measured, usually the range over which the optical signal is a
linear function of analyte concentration. By way of example,
an assay for the cytokine IL-8 having an LLD of 10 pg/mL
and a working range of three logs provides a reliable quanti
tative measure of concentrations between 10 pg/mL and 10
ng/mL, but would not be acceptable to a researcher who is
interested in IL-8 over a range of 500 pg/mL to 50 ng/mL. The
assay would have adequate sensitivity at the low end of the
working range (10 pg/mL), but would not discriminate IL-8
concentrations above 10 ng/mL and therefore would not meet
the high-end requirements.
0007 When a single analyte assay is too sensitive, the
sample can be diluted to adjust the expected analyte range to
the assay range. Dilution techniques are not suitable, how
ever, in the case of a multiplexed immunoassay, which
attempts independent, simultaneous measurement of mul
tiple analytes in a single sample. By way of example, consider
a simple two-plex immunoassay (two antigenic proteins
detected in a single sample) having a working range of 10
pg/mL to 10 ng/mL for both analytes. Consider the applica
tion of this assay for detecting IL-7 over the range of 20
pg/mL to 2 ng/mL, and detecting IL-8 over the range of 500
pg/mL to 50 ng/mL. The working range of the assay is well
suited to detect the target range of concentration for IL-7, but
the targeted IL-8 concentration exceeds the upper end of the
working range. Were the sample to be diluted (e.g., by 1:5),
the IL-8 would be within the working range, but the IL-7
concentration would be below the low end of the assay work
ing range (FIG. 1). The situation is further exacerbated when
the number of analytes tested is increased to 10, 20 or higher.
Thus, simple dilution methods do not have enough degrees of
freedom to adjust the working range of the assay indepen
dently for each analyte in a multiplexed assay. What is needed
is a method to independently match the range of each analyte
to the assay range in a multiplexed immunoassay, preferably
over several orders of magnitude, preferably over a range of
three, four, five or six orders of magnitude.
SUMMARY OF THE INVENTION

0008. The invention features a method of varying the sen
sitivity of a multi-analyte assay for individual analytes over
several orders of magnitude, by adjusting the working range
of a multi-analyte immunoassay for one of a plurality of
analytes to be detected, without altering the low detection
limit (LLD) and/or the working range of the assay for the
remaining analytes. This is accomplished by adding to the
Solution phase of the assay one or more Scaling agents, which
are molecules that block the availability of a fraction of the
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target analyte by occupying the binding site, e.g., an epitope,
on those analytes that are specifically bound by the capture
molecule. In contrast to prior-art assays in which low concen
trations of antibody relative to antigen are used to offset the
concentration of available antigen by a fixed amount (referred
to herein as “offset assays”), the Scaling agent of the invention
is present in high concentrations relative to analyte concen
trations. The effect is to reduce the available analyte concen
tration by a fractional amount corresponding to a constant,
referred to herein as a scaling coefficient (a) The residual
amount of analyte remaining as free analyte is the quantity of
analyte that is then measured. Thus, the Scaling method of the
invention is further distinct from prior offset assay methods in
that, in the case of offsetting, the residual amount of free
floating antibodies is treated as an error and usually ignored.
In the case of Scaling, the residual amount of free-floating
antigen is the quantity to be measured and thus exploited.
0009. It is therefore the goal of the invention to vary the
sensitivity and working range for one or more analytes in a
sample independently using a controllable parameter that can
discriminate between the analytes in the assay. The assay
quantitatively determines the concentration of a plurality of
analytes in a liquid sample in which each of said plurality of
analytes is characterized by one or more assay parameters
including without limitation low detection limit (LLD) and
working range. The assay is based on a method which
includes contacting the sample with a specifically selective
binding reagent (e.g. ligands), preferably a capture reagent
bound to a solid support, each of the ligands characterized in
that it reversibly binds an analyte which is or may be present
in the liquid sample to forman analyte/ligand complex, and in
that it is specific for the analyte as compared to any other
components which are or may be present in the liquid sample.
Prior to or together with Such contact with a capture agent, the
sample is allowed to contact an amount of a first Scaling agent
which has a binding specificity for a first analyte of the plu
rality of analytes. Binding between the first Scaling agent and
the first analyte inhibits binding of a sub-population of the
first analyte with its corresponding capture agent. Binding by
the first scaling agent to the first analyte changes one or more
assay parameters for the first analyte independent of the assay
parameters for other analytes in the sample; that is, the scaling
agent does not change an assay parameter for at least one
other of the plurality of analytes.
0010. The analyte to be detected is a compound, compo
sition, aggregation, or other Substance that can be specifically
captured from a complex mixture of compounds, composi
tions and aggregations. That is, the analyte, orportion thereof,
will be antigenic or haptenic having at least one determinant
site, or will be a member of a naturally-occurring binding
pair, e.g., carbohydrate and lectin, hormone and receptor,
complementary nucleic acids, and the like. Analytes of par
ticular interest include antigens, antibodies, proteins, carbo
hydrates, haptens, drugs, hormones, hormone metabolites,
macromolecules, toxins, bacteria, viruses, enzymes, tumor
markers, nucleic acids, and the like, although other types of
Substances may also be detected.
0011. The term “scaling agent” as used herein is intended
to include all substances which are able to bind the analyte,
either directly (i.e., without an intermediate binding sub
stance) or indirectly (i.e., with one or more intermediate
binding Substances forming a linkage). Preferably, the scaling
agent is a specific binding Substance capable of binding
directly or indirectly to the analyte with a high affinity, typi
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cally being at least about 10'M', usually being at least about
10 M', sometimes being 10' M', and optimally being
10''M' or 10'M' or greater. The scaling agent should be

free from cross-reactivity with other substances that may be
present in the sample or in an assay reagent. Preferably, the
association between the Scaling agent and analyte, e.g., when
the analyte is an antigen, is based on highly specific nonco
Valent interactions between the antigenic determinant, or
epitope, of the antigen and the variable-region domain of an
antibody molecule used as the scaling agent. The scaling
agent can be a monoclonal or polyclonal antibody raised
against the analyte. Alternatively, the scaling agent can be a
natural receptor for a biological analyte, an aptomer, or
another molecule harvested or engineered for the purpose of
specifically binding to an analyte. In cases where the analyte
is itself an antibody, antigens or haptens recognized by the
antibody can be used as the Scaling agent of the invention.
0012. The present invention is useful in assaying for a
wide variety of analytes in virtually any type of sample which
can be provided in a fluid form. Especially suitable are bio
logical specimens, such as blood, serum, plasma, urine, cere
bral fluid, spinal fluid, ocular lens liquid (tears), saliva, spu
tum, semen, cervical mucus, Scrapings, Swab samples, and
the like. In addition, the method is suitable for industrial,

environmental and food samples, such as water, reservoirs,
process streams, milk, meat, poultry, fish, conditioned media,
and the like. Under certain circumstances, it may be desirable
to pre-treat the sample, Such as by Suspending in fluid, sepa
ration, dilution, concentration, filtration, chemical treatment,
or a combination thereof, in order to improve the compatibil
ity of the sample with the remaining steps of the assay. The
selection and pretreatment of biological, industrial, and envi
ronmental samples prior to immunological testing is well
known in the art.

0013 Categories of immunoassays include direct and
indirect competitive assays, and non-competitive assays Such
as sandwich assays. A competitive assay relies on competi
tion for binding to a specific binding agent between a known
amount of labeled analyte and an unknown amount of analyte
in the sample. The more analyte that is present in the sample,
the less binding agent available to bind to a competing analyte
or analyte-analogue. In a sandwich assay, a binding agent is
immobilized on a solid Support to serve as a capture agent.
Analyte in the test sample is allowed to react with the binding
agent on the Support. After the Support is washed, a second,
detectable agent that binds specifically to a different epitope
on the analyte is added and allowed to react with the captured
analyte, thereby becoming “sandwiched between the detect
able binding agent and the immobilized binding agent. After
any excess detectable binding agent is washed away, obser
Vations are made of detectable binding agent bound to the
sandwich complex. The observed signal is directly propor
tional to the amount of antigen in the test sample.
0014. Accordingly, in one aspect, the invention features a
method of adjusting the concentration of at least one but not
all of a plurality of analytes in a fluid sample to match a
working range of detection of an analyte assay system. The
method includes the steps of a) obtaining characterization of
a working range of detection of an analyte assay system for
quantitative determination of the concentration of a plurality
of analytes in a fluid sample, the characterization including a
high end and a low end of the working range; b) providing a
fluid sample in which each of a plurality of analytes may or
may not be present within an expected initial concentration

US 2009/006 1535 A1

range having a high end and a low end, the plurality of
analytes including at least one high concentration analyte
having a high end expected concentration range that exceeds
the high end of the working range of the assay system; and c)
adjusting the expected concentration of the high concentra
tion analyte by a proportional Scaling constant, C, so that the
high end of the adjusted expected concentration range is less
than or equal to the high end of the working range, without
adjusting the expected concentration range of at least one
other of the plurality of analytes. The ratio of the adjusted
concentration of the high concentration analyte to the initial
concentration of the high concentration analyte can be inde
pendent of the initial concentration of the high concentration
analyte.
0015. As discussed above, one manner of adjusting the
expected concentration of the high concentration analyte is
by a) providing a scaling agent (S) having binding specificity
for at least one, but not all, of the plurality of analytes,
whereby binding of analyte by the Scaling agent prevents
detection of the analyte by the assay system; and b) introduc
ing a certain amount of the Scaling agent (S) to the sample to
create a reaction mixture, under conditions such that, Subse

quent to the reaction mixture coming Substantially to equilib
rium binding conditions, the reaction mixture includes a scal
ing agent-analyte complex portion having a scaling agent
analyte complex concentration (ASI), a free analyte portion

having a free analyte concentration (IA), and a free scaling
agent portion having a free scaling agent concentration (ISA),

wherein the introducing results in a total scaling agent con
centration (ISI) in the reaction mixture is equal to the Sum of
the free scaling agent concentration plus the Scaling agent

analyte complex concentration (ISA+AS), and a total ana

lyte concentration (AI) in the reaction mixture equal to the
Sum of the free analyte concentration plus the Scaling agent

analyte complex concentration (A+AS). The total con

centration of scaling agent S is preferably greater than or
equal to the high end expected initial concentration of the
high concentration analyte in the reaction mixture. S can

be at least four times greater than A and the product of A.
and K is less than one fourth. In some embodiments, S is
at least nine times greater than A and the product of A and

K is less than one ninth. It is understood that “equal to’, as
used herein, refers to concentrations that that approach equal
ity, and are thus approximately equal.
0016. In one embodiment, the scaling agent can be intro
duced to the sample in solution form, in which case the
concentrations of analyte, Scaling agent, and Scaling agent,
complex is a function of the Volume of reaction mixture
resulting from the combined fluid sample and reagents.
Another option is to add the Scaling agent as a dry reagent,
particularly in the context of an assay conducted in a biochip.
0017. In some embodiments, the method of the invention
can further include introducing the sample to a solid Support
including at least one immobilized capture agent, the capture
agent having binding specificity for at least one of the plural
ity of analytes, under conditions permitting binding between
the analytes and the capture agent to form analyte-capture
agent complex, and determining the analyte-capture agent
complex on the Solid Support as an indication of the initial
concentration of the analytes in the fluid sample. Binding of
the Scaling agent to the high concentration analyte prevents
binding of the high concentration analyte to the at least one
capture agent. The fluid can be introduced to the Solid Support
prior to adjusting the expected concentration of the high
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concentration analyte. Another option is to adjust the
expected concentration of the high concentration analyte
prior to introducing the fluid sample to the Solid Support, or
the adjusting step can coincide with introducing the fluid
sample to the Solid Support.
0018 Preferably, the ratio of the adjusted concentration of
the high concentration analyte to the initial concentration of
the high concentration analyte is independent of the initial
concentration of the high concentration analyte.
0019 Preferably, where the scaling agent binds the high
concentration analyte with a binding affinity K, and S is
greater than A, the scaling constant, C., is proportional to,
or in Some cases equals, (KSI+1). Under these conditions,
the ratio of the free analyte concentration to the total analyte

concentration, (IA/LA)), is independent of the total analyte

concentration (AI) at the total scaling agent concentration
(ISI) and is independent of the total analyte concentration
within the adjusted concentration range.
0020. The amount of analyte-capture agent complex on
the Solid Support can be determined by measuring a parameter
representative of the amount of each analyte bound to the
capture agent as an indication of the initial concentration of
the analyte in the sample. This can involve measuring a
detectable signal bound to the Support. By way of example,
one or more detection binders can be introduced to the solid

Support under conditions permitting the detection binder to
bind the analyte-capture agent complex. The amount of
detection binder bound to the analyte-capture agent complex
is an indication of the initial concentration of the analytes in
the fluid sample. Where the detection binder includes a
detectable signal, the amount of detection binder bound to the
analyte-capture agent complex is determined by measuring
the detectable signal, the signal being proportional to the
concentration of the analyte in the sample.
0021. In some embodiments, the scaling agent-analyte
complex can be removed from the reaction mixture prior to
contacting the reaction mixture with a solid Support.
0022. In other embodiments, e.g., where the assay system
is a competitive assay, the method further includes the step of
prior to introducing the sample to the solid Support, introduc
ing to the reaction mixture an analyte analogue conjugate that
is capable of competing with the high concentration analyte
for binding to the scaling agent and the capture agent. Pref
erably, the analyte analogue conjugate bears a detectable
label and/or emits a detectable signal. In such assays, one
determines the amount of each of the analytes bound to the at
least one capture agent by determining the amount of analyte
analogue conjugate bound to the Solid Support, as an inverse
indication of the amount of the corresponding analyte bound
to the Solid Support, and as an inverse indication of the initial
concentration of the corresponding analytes in the fluid
sample.
0023. Where the analyte analogue conjugate is present in
the reaction mixture at a total analyte analogue conjugate
concentration A* , the total scaling agent concentration
S. should be greater than or equal to a sum of the total
analyte concentration and the total analyte analogue conju
gate concentration (A+A).
0024 Preferably, the total scaling agent concentration
(ISI) is at least four times greater than a sum of the free
analyte concentration and the free analyte analogue conjugate

concentration (IA+IAA), and the product K. (A+A)

is less than one fourth. In some embodiments, the total scaling
agent concentration (ISI) is at least nine times greater than
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the sum of the free analyte concentration and the free analyte

analogue conjugate concentration (A+IAA), and the prod
uct K (IA+A) is less than one ninth.

0025. In another aspect, the invention features a method of
measuring the affinity of a binding agent, K, for an analyte,
the method including the steps of a) providing a fluid sample
including an analyte; b) experimentally determining a value
of a scaling constant C.; and c) calculating K, where K is

equal to (C-1)/ISA.
0026. The invention further includes an apparatus for per
forming an assay for the quantitative determination of the
concentration of a plurality of analytes in a fluid sample, the
assay system including a defined working range having a high
end and a low end. The apparatus includes a) means for
providing a fluid sample in which each of a plurality of
analytes which may or may not be present within an expected
initial concentration range having a high end and a low end,
the plurality of analytes including at least one high concen
tration analyte having a high end expected concentration
range that exceeds the high end of the working range of the
assay system; b) means for adjusting the expected concentra
tion of the high concentration analyte by a proportional scal
ing constant, C., so that the high end of the adjusted expected
concentration range is less than or equal to the high end of the
working range, without adjusting the expected concentration
range of at least one other of the plurality of analytes; c)
means for introducing the sample to a solid support including
at least one immobilized capture agent, the capture agent
having binding specificity for at least one of the plurality of
analytes, under conditions permitting binding between the
analytes and the capture agent to form analyte-capture agent
complex; and d) means for determining the analyte-capture
agent complex on the solid support as an indication of the
initial concentration of the analytes in the fluid sample. The
adjusting means can include means for introducing a certain
amount of the scaling agent (S) to the sample to create a
reaction mixture, under conditions such that, subsequent to
the reaction mixture coming substantially to equilibrium
binding conditions, the reaction mixture including a scaling
agent-analyte complex portion having a scaling agent-analyte
complex concentration (IAS), a free analyte portion having a

free analyte concentration (IA), and a free scaling agent
portion having a free scaling agent concentration (ISA):

wherein the introducing results in a total scaling agent con
centration (ISI) in the reaction mixture equal to the sum of
the free scaling agent concentration plus the scaling agent

analyte complex concentration (ISA+AS), and a total ana

lyte concentration (AI) in the reaction mixture equal to the
sum of the free analyte concentration plus the scaling agent
analyte complex concentration (IA1+ASI) and wherein the
scaling agent (S) having binding specificity for at least one,
but not all, of the plurality of analytes.
0027. The means for determining the analyte-capture
agent complex on the solid support can include means for
measuring a parameter representative of the amount of each
analyte bound to the capture agent as an indication of the
initial concentration of the analyte in the sample. Preferably,
the means for determining the analyte-capture agent complex
on the solid support includes means for measuring a detect
able signal. The means for determining the analyte-capture
agent complex on the solid support can also include means for
introducing at least one detection binder to the solid support
under conditions permitting the detection binder to bind the
analyte-capture agent complex, and means for determining
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the amount of detection binder bound to the analyte-capture
agent complex as an indication of the initial concentration of
the analytes in the fluid sample, such as, e.g., means for
measuring the detectable signal, the signal being proportional
to the concentration of the analyte in the sample.
0028. In some situations the apparatus can further include
optional means for removing the scaling agent-analyte com
plex from the reaction mixture prior to the contacting the
reaction mixture with a solid Support.
(0029. The apparatus can further include means for intro
ducing to the reaction mixture an analyte analogue conjugate
including a detectable signal, the analogue conjugate capable
of competing with the high concentration analyte for binding
to the scaling agent and the capture agent. Here, the apparatus
can further include means for determining the amount of
analyte analogue conjugate bound to the solid support as an
inverse indication of the amount of analyte bound to the solid
support, and as an inverse indication of the initial concentra
tion of the analytes in the fluid sample.
BRIEF DESCRIPTION OF THE DRAWINGS

0030 FIG. 1 is a bar graph illustrating, for a hypothetical
assay, the range of IL-7 and IL-8 concentrations in the origi
nal sample as compared to in a diluted sample and to the
working range of a two-plex assay.
0031 FIG. 2 is a bargraph illustrating the ratio of available
antigen concentration to initial antigen concentration over a

10 range in initial antigen concentration. The data shown in
concentration range of 0.05-500,000x10' mol/L, an initial
scaling antibody concentration of 15x10 mol/L, and a bind
ing affinity of 2x10 L/mol. Numerical ratios are listed below
FIG. 2 is calculated based on assays run with an initial antigen

the chart.

0032 FIG. 3 is a logarithmic plot showing the ratio (C) of
initial antigen to free antigen over a range of initial antigen

concentrations (10' to 10° mol/L), in the presence of
10x10 mol/L of a scaling antibody having a binding affinity
of 2x10 mol/L.

0033 FIG. 4 is a graph showing the percentage of total
antigen that remains free at equilibrium for a scaling antibody

affinity (Ka) of 10 L/mol, at scaling antibody concentrations
of 0.01/K (10 mol/L), 0.1/K (10' mol/L), 1.0/K (10
mol/L), 1/K (10 mol/L), and 100/K (107 mol/L).

0034 FIG. 5 is a bar graph comparing the ratio of initial
antigen to free antigen at equilibrium in the offset range. The

available antigen is offset by 15x10 mol/L. The numerical

values of initial and free antigen are listed below the bar
graph.
0035 FIG. 6 is a plot of the percent of scaling antibody
that is bound to antigen at equilibrium versus initial antigen

concentration (range 10° to 10° mol/L), in the presence of
a constant amount of a scaling antibody (10x10 mol/L)
having a binding affinity of 2x10 mol/L.
0036 FIG. 7 is a logarithmic graph showing the amount of
scaling antibody that is bound as a percentage of the maxi
mum amount of antibody/antigen complex that could be
formed given the total amount of scaling antibody present, for
each of five different scaling antibody concentrations. The

antibody concentrations are 10' mol/L (0.01/K), 10'
mol/L (0.1/K), 10 mol/L (1/K), 10 mol/L (10/K), and
107 mol/L (100/K).

0037 FIG. 8 is a logarithmic graph showing the percent of
antigen that is free antigen at equilibrium versus initial anti

gen concentration (range 10' to 10 mol/L) for each offive
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different scaling antibody concentrations. The Scaling anti

body concentrations are 10' mol/L (0.01/K), 10' mol/L
(0.1/K), 10 mol/L (1/K), 10 mol/L (10/K), and 107

mol/L (100/K). The region of each curve shown as a dotted
line corresponds to the antigen range over which the antibody
concentration is less than four times that of the free antigen
concentration at equilibrium, or over which the product of the
antibody affinity and the equilibrium antigen concentration is

more than one fourth. The antibody affinity is 10 L/mol.

0038 FIG. 9 is a logarithmic graph showing the offset
amount of Scaling antibody that is bound as a percentage of
the maximum amount of antibody/antigen complex that
could be formed given the total amount of offset antibody
present, for each of five different offset antibody concentra

tions. The offset antibody concentrations are 10' mol/L
(0.01/K), 10 mol/L (0.1/K), 10 mol/L (1/K), 10
mol/L (10/K), and 107 mol/L (100/K). The region of each

curve shown as a dotted line corresponds to the antigen range
over which the Scaling antibody concentration is less than
four times that of the free antigen concentration at equilib
rium, or over which the product of the antibody affinity and
the equilibrium antigen concentration is more than one

fourth. The antibody affinity is 10 L/mol.

0039 FIG. 10 is a diagram illustrating the scaling effect of
FIG. 4 injuxtaposition with the offset effect of FIG. 7, for an

antibody affinity of 10 L/mol and an antibody concentration
of 107 mol/L.

0040 FIG. 11 is a diagram illustrating the scaling effect of
FIG. 8 injuxtaposition with the offset effect of FIG.9, for an

antibody affinity of 10' L/mol and an antibody concentration
of 107 mol/L.

0041 FIG. 12 is a graphical plot of the assay response of
an assay for IL-1B analyte, measured as the signal emitted in
Relative Fluorescence Units (RFU), in the absence of scaling

agent and in the presence of 15x10 mol/L anti-IL-1B anti

body as a Scaling agent.
0042 FIG. 13 is a graphical plot of the assay response
generated in a multi-analyte assay of five antigens in the
absence of Scaling agent.
0043 FIG. 14 is a graphical plot of the assay response
generated in a multi-analyte assay of five antigens, in the

presence of 2.3 pg/mL (15.2x10 mol/L) of anti-IL-1B anti

body as a Scaling agent.
0044 FIG. 15 is a graphical plot of the IL-1B, IL-2, and
TNFC. curves from FIGS. 13 and 14 Superimposed on a single

graph. FIG. 15 illustrates the effect of adding 15x10 mol/L

anti-IL-1B as a Scaling agent on the response of the assay to
the three antigens IL-1B, IL-2, and TNFC.
0045 FIG. 16 is a graphical plot of the IL-1B, IL-6, and
IL-7 curves from FIGS. 13 and 14 Superimposed on a single

graph. FIG. 16 illustrates the effect of adding 15x10 mol/L

anti-IL-1B as a Scaling agent on the response of the assay to
the three antigens IL-1B, IL-6, and IL-7.
DETAILED DESCRIPTION OF THE INVENTION

0046 Scaling an assay involves altering the LLD and
working range of an assay. It is often the case with quantita
tive binding assays, e.g., immunoassays that the working
range of quantification is not matched to the expected range of
analyte. Formultiplexed assays it is advantageous to scale the
sensitivity and working range for one or more analytes with
out affecting the sensitivity and working range of the assay for
other analytes in the sample. Scaling agents are added to
reduce the proportion of a particular analyte in the sample,
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thereby reducing the effective concentration of that analyte
by a constant Scaling coefficient.
0047 Accordingly, the invention relies on binding a speci
fied amount of the analyte present in the sample by pre
exposing the sample to a scaling agent, which is a molecule
having a high binding affinity for the analyte, preferably an
antibody or receptor having high specificity for the target
analyte to be scaled. The Scaling agent binds to a portion of
the analyte in the sample, and the amount of Scaling agent
used is equal to or in excess of a scaling coefficient that can be
determined either theoretically or experimentally. Due to the
equilibrium nature of association and dissociation between
Scaling agent and analyte in Solution, the sample can be
expected to maintain a finite amount of unbound, i.e., free,
analyte, which is then readily detectable in the subsequent
detection phase of the assay.
0048 Preferably, the amount of scaling agent added to the
sample is selected to be equal to or greater than that required
to elicit a transition between a Scaling portion of a partition
curve and an offset portion of the partition curve, as further
defined below.

0049. In operation, the first step of the assay of the inven
tion includes reacting a sample Suspected of containing the
analyte with a certain amount of the Scaling agent, the certain
amount selected to reduce the amount of available free ana

lyte in the reacted sample according to a constant Scaling
coefficient. The Scaling agent is exposed to the sample during
the course of a pre-treatment step prior to introducing the
assay sample to the median, device, or solid support bearing
the capture agent. The scaling agent can be introduced in a
suitable buffer or other liquid carrier, which is combined with
the sample to form a liquid reaction phase and allowed to
reach equilibrium. Alternatively, the Scaling agent can be
introduced on a Solid phase (Such as particles, beads, a dip
Stick, an agarose gel, or the like) which is combined with the
liquid sample and permitted to reach equilibrium Solution
conditions. In a third alternative, the scaling agent can be
bound to the interior of a transfer pipette, a filter, or a pre
treatment chamber or well used to introduce the sample to the
test device, as long as the Scaling agent reaches equilibrium in
the sample prior to exposure to capture agent. The reaction
between the sample and the Scaling agent is allowed to pro
ceed to equilibrium prior to any Subsequent assay steps, usu
ally proceeding for at least about ten seconds, more usually
requiring at least one to two minutes. The time required for
the Scaling phase of the assay to reach equilibrium varies
according to temperature and Solution conditions of the
medium and the strength of affinity of the scaling agent for the
analyte, and can be minimized by use of scaling agents with
maximum binding affinity. Preferably, the solution condi
tions of the assay are determined so as to assure Sufficient and
consistent binding conditions between scaling agent and ana
lyte prior to performing Subsequent steps of the assay.
0050. After the reaction between the scaling agent and
sample has been allowed to reach equilibrium, the steps of the
detection phase of the assay are initiated, usually without
separating the analyte/scaling agent complex from the reac
tion phase. The reacted Sample is then contacted with a cap
ture agent in the detection phase of the assay. Preferably the
capture agent is immobilized on a solid Support, most prefer
ably a capture agent fixed to a microarray formatted Support.
In this way, residual free analyte remaining in the reaction
phase (i.e., analyte that is not bound to Scaling agent) binds to
the capture agent on the Solid Support.
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0051. The degree to which a scaling agent adjusts the
working range of the assay for a given analyte depends pri
marily on the binding affinity of the scaling agent for the
analyte (taking into account the number of epitopes on the
analyte that are recognized by the Scaling agent) and the
concentration of the Scaling agent in relation to antigen con
centration. For the purposes of simplifying discussion herein,
the amount of scaling agent used to adjust the working range
of the detection assay is best modeled by the case of a sand
wich immunoassay system in which the Scaling agent is an
antibody, the analyte is an antigen, and there is a one-to-one
binding association between antigen (Ag) and antibody (Ab)
per antibody/antigen (AbAg) complex. It is within the under
standing of those skilled in the art to adjust this model to
accommodate multi-epitope analytes, higher binding ratios,
and alternative types of complimentary scaling agent/analyte
pa1rs.

0052. The dynamics of the method of the invention can be
modeled according to the laws of mass action, which are
predictable, quantifiable and canthus be exploited to tailoran
immunoassay for a particular analyte. The relative concen
trations of free antibody Ab, free antigen Ag, and anti
body/antigen complex AbAg in a reaction mixture at equi
librium are defined by Equation (1).
AbAg)

Ka = |AB|. A

(1)

1 )+

(4)

where:

0060 Ag, the initial molar concentration of antigen
(mol/L), an
0061 Ab, the initial antibody concentration (mol/L).
0062 Equation (4) can be used to examine the ratio of free
antigen to initial antigen over a range of initial antigen con
centrations and in the presence of a fixed concentration of
soluble antibody (FIG. 2). FIG. 2 is a bar graph of the ratio of
free antigen to initial antigen expected over an initial antigen
concentration range of 0.05-500,000x10' mol/L, and in the
presence of an initial soluble antibody concentration of
15x10 mol/L. The antibody has a binding affinity of 2x10
L/mol. The numerical ratio of free antigen to initial antigen is
listed below the chart for each initial antigen concentration.
As shown in FIG. 2, the percentage of free antigen to total
antigen is expected to be a constant 3.23% when the total
antigen concentration is at the low end of the range, i.e., over
the range 0.05 to 50x10'’ mol/L. This contrasts with the
conditions expected at initial antigen concentrations higher
than 50,000x10'’ mol/L, where the presence of the soluble
antibody causes more of an offset effect than a Scaling effect,
as discussed further below.
0063. Within the scalar region at the low range of initial
antigen concentration, the concentration of free antibody can
be treated as a constant, and Equation (1) can be rewritten:

0053 where,

0054) K-the antibody-antigen association constant
(Lumol)
0055 AbAg=the molar concentration of AbAg com
plexes at equilibrium,
0056 Ab the molar concentration of antibody at
equilibrium, and
0057 Ag=the molar concentration of antigen at equi
librium.

0058. The affinity constant, K is characteristic of a given
antibody. Low-affinity antibodies have K values between

107 to 10 Lumol; high-affinity antibodies have K values as
high as 10' L/mol/ or even 10' L/mol.
0059 Assuming a one-to-one correspondence of antibody
to antigen in the AbAg complex, the initial antigen concen
tration Ag, is equal to the equilibrium free analyte concen
tration Ag plus the equilibrium concentration of the anti
body/antigen complex AbAg according to Equation (2).
Similarly, the initial antibody concentration Ab, is equal to
the equilibrium free antibody concentration Ab plus the
equilibrium concentration of AbAg complex according to
Equation (3).
Agi Agi+FAbAgf

(2)

AbAg)

Ab; as K. Ab
K. . (Able
K. (At) = i

(5)

0064. It follows from Equation (5) that when the free
antibody concentration is constant, the ratio of bound antigen
to free antigen is also constant. This means that when the
Scaling antibody concentration is much higher than the anti
gen concentration, the net effect is to reduce the antigen
concentration by a constant scale factor. This relationship is
exploited by the method of the invention to adjust the equi
librium concentration of free antigen to within the working
range of the assay. This is illustrated by the hypothetical
reaction conditions used in FIG. 2, where, at an initial antigen

concentration of 5x10" mol/L, equilibrium concentrations
of 4.84x10'’ mol/L AgAb complex, 0.16x10'’ mol/L
free antigen, and 15x10 mol/L free scaling antibody would

result, a percentage of free antigen of about 3.23%. This in
turn results in a constant ratio of initial antigen to free antigen
at equilibrium (defined here as C.) of about 31:1 over the low
end of the range of initial antigen concentrations, and is
referred to herein as a scalar constant of 31.
0065. The relationship between the initial antigen concen
tration and the initial concentration of Scaling agent can be
derived from Equation (1). First, Equation (3) is rearranged to
get:

Abj=IAb|-|Ab+Agf

(6)

Substituting into Equation (1) and rearranging yields:
Equations (1), (2) and (3) can be combined to show that the
concentration of free antigen at equilibrium is a function of
the antibody affinity constant and the initial concentrations of
antibody and antigen, according to Equation (4).

|Ab + Ag). K. (Abil
Ag) T K . Ag+ 1

(7)
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Adding one to both sides and inverting yields:
Ag)
Ab + Ag+ Ag)

Ag)

K. Ag+ 1

remains free at a given concentration of scaling agent (1/C) is
calculated according to Equation (8). For the assumption in
Equation (9), Equation (8) reduces to:
(8)

Agil T. K. Ab; ) + K. Ag+ 1
Ag)

0066 Equation (8) defines the ratio of free antigen to total
antigen (1/C) in terms of the initial antibody concentration
and the free antigen concentration. The left hand side of
Equation (8) is the fraction of total antigen concentration that
remains free at equilibrium. The right hand side of the equa
tion indicates a dependence on antibody affinity, initial anti
body concentration, and equilibrium antigen concentration.
0067 Examining the equilibrium relationship expressed
in Equation (1) further suggests that when a high concentra
tion of soluble scaling antibody is mixed with a sample hav
ing a relatively low concentration of antigen, a large propor
tion of the antigen will complex and no longer be available for
detection by the capture agent. Due to the nature of the equi
librium between association and dissociation of the antibody/
antigen complex, however, a finite portion of the antigen
remains present in solution as free antigen. The ratio of the
initial antigen concentration to the concentration of free anti
gen at equilibrium (C) is a useful parameter for modeling the
effect of soluble antibody on the concentration of free antigen
over a wide range of initial antigen concentrations. FIG. 3 is
a graphical plot of a versus initial antigen concentration (10

12 to 10 mol/L) in the presence of 10 mol/L soluble anti
body having a binding affinity of 2x10 L/mol.

0068. This relationship is further explored in FIG. 4,
which is a graphical illustration of the percentage of antigen
that remains free at equilibrium (1/C) over a broad range of
initial antigen concentration, shown in the presence of several
different concentrations of soluble antibody having a binding

affinity of 10 L/mol. As seen in FIG. 4, for each given

concentration of soluble antibody, there are three phases to
the binding relationship over the range of initial antigen con
centrations. The three phases are defined herein as a scalar
phase, a transition phase, and an offset phase. The percentage
of free antigen is constant over the scalar range (the “scalar
constant”), approximates 100% over the offset range, but is
highly variable at the transition phase.

1

(10)

Ag) K. Ab+ 1

0072 Equations (9) and (10) are valid over the limited
range of initial antigen concentrations defined herein as the
Scaling range.
0073 For relatively low concentrations of antigen, Equa
tion (10) expresses the relationship between the fraction of
antigen that is free at equilibrium, initial antibody concentra
tion, and binding affinity. Equation (10) can be used to cal
culate antigen depletion for a given antibody affinity and
antibody concentration.
10074 The ratio (C) is defined as the ratio of the initial
antigen concentration to the free antigenated uilibrium, and is
inversely related to Equation (10):
Ab + Ag+(Ag)
C} :

(11)

Ag)

Agil

T (Ag)

= K, Ab-- 1

for Ag = ()

I0075) The ratio C. can be empirically measured by running
the same assay with and without a high concentration of
Scaling agent, as demonstrated by an assay of a sample con
taining the analyte IL-1B (FIG. 12) with and without scaling
agent. FIG. 12 is a graphical representation of the assay
response, measured as the signal emitted in Relative Fluores
cence Units (RFU), in the absence of scaling agent and in the

presence of 15x10 mol/L anti-IL-1B antibody as a scaling

agent. The ratio between the signal measured with no scaling
agent to the signal emitted in the presence of 15x10 mol/L

scaling agent, at IL-1B concentrations of 0.5x10' mol/L

and 5x10' mol/L, is about 31, indicating a scaling factor (c)

of about 31.

(1) Scalar Region
0069. The scalar region is seen on the left side of the graph
in the region of relatively low initial antigen concentration,
where excess antibody reduces the available antigen concen
tration by a constant factor, variously referred to herein as the
“scalar constant”, “scalar coefficient,” or “scalar factor.” As

seen on the left side of the graph in FIG. 4, the percentage of
free antigen is depleted by 1% at an antibody concentration of

10' mol/L (0.01/K), by 10% at an antibody concentration
of 10' mol/L (0.1/K), by 50% at an antibody concentration
of 10 mol/L (1/K), by 90% at an antibody concentration of
10 mol/L (10/K), and by 99%atan antibody concentration
of 107 mol/L (100/K).
0070. In the scaling region at the far left of the graph
shown in FIG. 4, the actual concentration of free antigen is
low and can be approximated as,
AgPo

(9)

0071. In the scalar concentration range in which this sim
plifying assumption holds true, the portion of antigen that

0076) For concentrations of soluble antibody larger than
the concentration of initial antigen, the scaling constant C. is
only a function of antibody concentration and affinity. For any
given affinity, the scalar constant is determined independent
of antigen concentration by choosing an antibody concentra
tion. Within the scaling region, the coefficient C. is thus deter
mined solely by the concentration of the scaling agent and the
binding affinity of the scaling agent for the analyte. For the
example shown in FIG. 3, the binding affinity of the scaling
antibody times the concentration of scaling antibody equals
20, and the scale factor is a constant of 21.

10077 FIG. 4 further illustrates that having a high level of
antibody concentration relative to that of the antigen will not
necessarily cause excessive antigen depletion. On the left
hand side of the graph the scaling antibodies are far in excess
of the antigen, yet the level of antigen depletion can be quite
modest, as is the case for antibody concentrations of 0.01/K.
(2) Offset Region
I0078. At antigen concentrations that are higher than the
antibody concentrations, the right hand side of Equation (8)
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approaches one. A high concentration of antigen relative to
antibody results in little antigen depletion on a percentage
basis (see FIG.4, right-hand side). There is, however, a con
stant offset between the initial antigen concentration and the
equilibrium antigen concentration for this case.
0079 Referring again to FIG.4, the offset phase is seen on
the right side of the graph in the region of relatively high
initial antigen concentrations. In the offset region, the pres
ence of low amounts of Soluble antibody produce a simple
offset in the concentration of free antigen, the extent of the
offset defined by an “offset concentration'.
0080. As discussed above, many lateral flow immunoas
says are simpletests that provide qualitative positive/negative
test results, and frequently are designed to provide a qualita
tive indication that an analyte is presentina sample only when
the analyte is present above a threshold level. The assay
response exhibits a relatively abrupt transition from below the
threshold concentration to above it. A sharp response allows
a well-defined delineation between the presence and lack of a
specific analyte. On occasion, such assays exhibit a sharp
transition close to, but not precisely at, the threshold of inter
est. If the transition occurs at a slightly lower antigen concen
tration than desired, then the assay developer can add a small
amount of antibodies to the sample to reduce the amount of
available antigen by a fixed amount, which is referred to
herein as an “offset of the concentration of antigen in the
sample. For example, the assays disclosed in U.S. Pat. No.
5,541,069 and U.S. Pat. No. 5,780,308 involve adding a low
concentration of soluble antibody to a sample to effectively
offset the concentration of antigen by a specific amount.
There is only a small, defined amount of antibody, so the
majority of the antibody forms a complex with antigen,
thereby blocking the antigen from detection by the assay. The
result is that a fixed amount of antigen is “soaked up', effec
tively removing antigen from the assay. This has been Vari
ously referred to as “blocking', 'scavenging, or “sequester
ing the analyte. The offset model of the prior art ignores the
equilibrium state of association and dissociation between the
antibody and the antigen in Solution.
0081. Once again Equation (4) is used to further examine
the Solution conditions when offsetting antigen levels with
Small amounts of antibody. An offset in the antigen concen
tration is created by adding a small amount of antibody to the
sample to “soak up' a fraction of the antigen. Referring to the
assay illustrated in the graph in FIG. 5, the resulting available
antigen is calculated over a range of initial antigen concen
trations of 5-115 pmol/mL in an assay designed to detect
analyte at a concentration of 65 pmol/mL or higher, and with

a sharp transition at 50 pmol/mL. If 15x10 mol/L of a
soluble antibody with a binding affinity of 2x10 L/mol is
added to the sample, the antigen concentration available for
detection should be reduced by approximately 15x10 mol/
L. The data below the chart in FIG. 5 details the actual

variations from the ideal case which are negligible at the

threshold. At the threshold concentration of 65x10 mol/L.
the available antigen is 50x10 mol/L, which is the assay
threshold.

0082. The offset effect illustrated in FIG.5 assumes a lack
of dissociation, so the residual free antibody concentration is

negligible compared to the original 15x10 mol/L, and the
antigen concentration is offset by approximately 15x10

mol/L, which corresponds to the limiting amount of antibody.
Therefore, when the added antibody concentration is signifi
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cantly lower than the antigen concentration, the effect is to
offset the available antigen level by a fixed amount.
I0083. Within the offset range, the concentration of bound
Agat equilibrium is equal to the difference between the initial
and final antigen concentration (FIG. 6). At low initial antigen
concentrations, relatively little antigen is bound to antibody,
largely because there is very little antigen relative to antibody
to begin with. In the mid-range of initial antigen concentra
tions, a transition develops as the amount of bound antigen
concentration begins to rise. At high initial antigen concen
trations, the amount of boundantigenbecomes constant, indi
cating a constant offset between the initial and final antigen
concentrations.

I0084. The use of soluble antibodies by prior art offset
assays can be more easily visualized by graphing the offset
between the initial antigen level and the antigen level after the
antibodies are added. The development of the offset as a
function of increasing antigen concentration can be calcu
lated by subtracting the equilibrium concentration from the
original concentration over the assay range.
(3) Scalar to Offset Transition
I0085. Between the scalar phase and the offset phase is a
transition phase, in the mid-range of initial antigen concen
trations, where the presence of soluble antibody causes the
percentage of free antigen to change rapidly. There are two
criteria with which to define the limits between the Scalar and

Offset regions. One is suggested by Equation (10) while the
other is best illustrated graphically.
I0086. The boundary between the scaling region and the
offset range can be defined by Equations (8), (9) and (10). The
approximation of Equation (9) can be further clarified by
considering the numerator and denominator of Equation (8)
separately. For the approximation to hold true in the numera
tor, the product of the binding affinity, K, and the equilibrium
antigen concentration must be less than one fourth, and pref
erably less than one tenth. For the approximation to hold true
in the denominator, the initial antibody concentration must be
at least four times, preferably ten times, the equilibrium anti
gen concentration over the expected assay range. This is
Summed up in the following equations:
Ag

K. Ag+ 1

1

(12)

Ag) K . Abi + K. Ag+ 1 K. Ab- 1
0087

for
KFAg|</4

(13)

and

Abd4'Agf

(14)

If the conditions of Equations (13) and (14) hold true, then the
resulting assay can be said to be operating within the constant
Scaling range of the assay.
I0088. The graph in FIG. 8 shows the same curves as FIG.
4, except that the ranges of antigen concentrations defined by
Equations (13) and (14) are identified by solid lines, indicat
ing the range of concentrations over which the invention is
being practiced. This scaling assay range is limited to the
conditions illustrated on the left side of the graph, in contrast
to prior art offset assays which are practiced on the right side
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of the graph. The visualization is extended in FIG. 9, which
shows that the scaling regions remain to the left of the 25% of
full offset level.

0089. A second criterion by which to delineate scaling
effects from offset effects is easily illustrated by viewing the
scalar and offset curves on the same graph. In FIG. 10, the

a scaling coefficient C. of 31 and a concentration of Scaling

antibody of 15x10 mol/L, the affinity of the scaling anti
body for the analyte is measured to be 2x10 L/mol:
a = Ka. Ab+ 1

(16)

curves of the scalar and offset calculations are viewed on a

single graph, for the case of a scaling antibody affinity of 10
L/mol and scaling antibody concentration of 107 mol/L. The
scaling function loses fidelity before the offset achieves
100%. This is drawn in starker relief for a scaling antibody

having a higher binding affinity of 10' mol/L (FIG. 11).

0090 The loss of scaling fidelity and the attainment of
100% offset are asymptotically approaching the same con
centration for arbitrarily high antibody affinities. The limiting
point is the initial antibody concentration. This suggests that
the expected initial antigen concentration range relative to
initial antibody concentration can be used to differentiate the
Scalar region from the offset region. Specifically, for initial
antigen concentrations lower than the initial antibody range,
the analyte concentration is scaled. For an initial antigen
concentration that exceeds the initial antibody concentration,
the analyte concentration is offset.
0091. This is logically consistent with the workings of the
assay. For an arbitrarily high binding affinity, all of the anti
bodies will complex with any available antigen. Therefore,
the attainment of 100% offset will occur exactly when the
antigen concentration equals the antibody concentration. Off
set assays exceed this level, and therefore are practiced at
initial antigen concentration ranges that exceed the initial
antibody concentrations. The present invention, on the other
hand, relies on the presence of a small, constant concentration
of antigen. For arbitrarily high binding affinities, the consis
tency of the free antigen concentration (as a percentage of the
total antigen concentration) loses fidelity at a concentration
no higher than the initial antibody concentration. Therefore,
the present invention anticipates an antigen concentration
range that is always lower than the initial antibody concen
tration.

0092. In general terms, it can be predicted that assays with
a total antigen concentration range at or below the scaling
antibody concentration operate in the scaling range, and those
that have expected antigen concentrations above the antibody
concentration operate in the offset domain. In other words,
the full range of the “offset assay extends well beyond the
point at which the offset takes effect.
(4) Measuring Antibody Affinity
0093 Equation (11) can be used to measure the affinity of
an antibody from comparative assay data. If the Scaling factor
is determined experimentally at conditions of excess anti
body, then the antibody affinity constant, K, can be calcu
lated from Equation (15).

a =-81
i =- K,e. Ab + 1

(15)

for Abi as Ag)

0094. As discussed in reference to FIG. 12, the scaling
coefficient C. can be measured empirically by running the
same assay with and without the addition of a high concen
tration of scaling antibody. According to Equation (15), with

K

a-1

31 - 1

Ab

15 x 109

- -

-

= 2x 10'

17
(17)

(5) Antigen Availability vs. Assay Sensitivity
0.095 An interesting relationship is found by examining
Equation (15). For large Scaling ratios, C. is roughly propor
tional to the antibody affinity. In other words, antigen avail
ability is inversely proportional to antibody affinity. When the
basic assay response is proportional to antibody affinity, the
two effects cancel out. This can be useful for eliminating the
effects of variations in Scaling antibody affinity on assay
response, which would be valuable in maintaining repeatabil
ity from batch-to-batch of reagents, or with the same reagents
over time.

(6) Adjustment of Scaling Factor for Multiple Epitopes
0096. Those skilled in the art will appreciate that an anti
gen complexes with an antibody at a particular molecular
structure called an epitope, and there may be one or more
identical epitopes for a given antigen. The signal resulting
from an assay will generally be proportional to the number of
available epitopes. One way to reduce the signal of a particu
lar antigen, without affecting the other antigens in the assay,
is to block a fraction of available epitopes on the target anti
gen by introducing an appropriate concentration of Scaling
agents for that epitope into the sample. The concentration of
Scaling agent required will be a function of several variables,
including the number of epitopes per antigen and the magni
tude of sensitivity shift desired.
0097. Commonly, e.g., with high affinity IgG antibodies
used as Scaling agents in an assay for Small molecule analytes
(such as hormone metabolites and drugs), the Valence of the
Scaling agent for the analyte is two, while the Valence of the
analyte for the scaling agent is one, i.e., it is Sufficiently small
that it presents only one binding site to the scaling antibody.
(7) Microarray Technology
0098. When the microarray is exposed to a liquid sample,
molecules bound to the spot interact with molecules in the
liquid phase. Microarrays that serve as reaction templates for
immunoassays are useful for detecting analytes in complex
mixtures of proteins. To adapt an immunoassay to a microar
ray environment, antibodies are used as capture and/or detec
tion agents to quantify the concentration of antigenic proteins
in Solution matrices Such as serum or cell lysates. In the case
of Sandwich immunoassays, a first antibody ("capture anti
body') is immobilized to a solid support, and used to bind a
specific antigenic protein in a fluid sample (the “analyte'),
and thus remove the analyte from the solution phase. The
remaining sample is then washed away and a solution con
taining a labeling agent, e.g., a detection antibody, is used to
label the captured analyte. The detection antibody employs a
detectable label as a signaling means (e.g. fluorescence tags)
that is either conjugated directly to the antibody or becomes
associated with it through an intermediate complex Such as
biotin/streptavidin.
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0099. The capture agent is immobilized to the solid sup
port by methods known to those skilled in the art. Preferably
the amount of capture antibody fixed to the solid support is
small relative to the amount of scaling agent employed to
adjust the linear range of the assay, so that the molar amount
of capture antibody need not be accounted for in the equilib
rium conditions discussed above.

0100. After the addition of a sample to the microarray,
analytes present in the sample bind the specific ligands. The
degree of binding is measuring using an optic imager, e.g., a
fluorescent imager or a chemiluminescence light reader.

(8) Additional Reaction Formats
0101 Various analytical devices and systems suitable for
performing the method of the invention are generally known
to those skilled in the art. By way of example, the method of
the invention can be used in conjunction with a solution based
multiplexed assay, such as that provided by Aclara Biosys
tems, Inc. (Mountain View, Calif.). The method of the inven
tion is also useful in association with multiplexed assays
performed with capture ligands immobilized on a variety of
solid supports known to those skilled in the art, such as,
without limitation, micro-particles and/or beads, microtiter
plates, biochips, planar or semi-planar substrates such as
coated slides, lateral flow strips, and various membranes (e.g.,
cellulose, cellulose nitrate, cellulose acetate, glass fiber,
nylon, polyelectrolyte ion exchange membrane, acrylic
copolymer/nylon, or polyethersulfone). Examples of Such

systems include, without limitation, assays conducted in
multi-well microtiter plates such as, e.g., SearchLight"M
(Pierce Biotechnology, Rockford Ill.), the Multi-ArrayTM,
Multi-SpottM, SensorTM systems (Meso Scale Discovery, a
division of Meso Scale Diagnostics LLP. Gaithersburg, Md.)
and the A2TM Multiplex Immunoassay using the Biomek R.
FX laboratory automation workstation (Beckman Coulter,
Inc., Fullerton Calif.); assays conducted on or with beads as
solid supports, e.g., the XMAPR system (Luminex Corpora
tion, Austin Tex.); immunochromatographic systems based
on membranes and/or lateral flow (e.g., RAMPR), Response

Biomedical Corporation, Burnaby Calif.); and biochip based
systems such as, e.g., the InfinitTM Analyzer and BioFilm
ChipTM microarray system (Autogenomics Inc., Carlsbad,
Calif.) and the RX daytona and RXimola systems of Randox
Laboratories Ltd (Great Britain). Additional systems that can
be used in conjunction with the method of the invention
include, e.g., the Stratus CSAnalyzerTM of Dade Behring Inc.
(Deerfield, Ill.); and systems of Bayer Healthcare Diagnostics
Division; and the Triage(r) and Triage(r) Meter Plus systems
of Biosite, Inc. (San Diego, Calif.), and the Access(R 2 immu
noassay systems, SYNCHRON LX(Ri 725 combination
chemistry and immunoassay workstation, and the high
throughput UniCel DxI 800 Access immunoassay (Beckman
Coulter, Fullerton Calif.).

0102) Suitable signal producing systems include at least
one component and may comprise two or more components.
including enzymes, substrates, catalysts, enhancers, and the
like. In the examples herein, a detection agent is used to label
the captured analyte. Usually at least one component of the
signal producing system will be, or will be attached to, an
agent capable of binding the analyte/capture agent complex,
and will thus be bound to the solid phase in the detection
phase of the assay of the present invention. Numerous suit
able signal producing systems are described in the patent and
scientific literature, and will be known to those skilled in the
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art, e.g., detection labels, imagers, and readers based on fluo
rescence, radioisotopes, chemiluminescence, colloidal gold,
or enzymatic activity, e.g., streptavidin-horseradish peroxi
dase (SA-HRP). See, e.g., U.S. Pat. Nos. 4.313,734 and
5,529.902, hereby incorporated by reference. The use of a
fluorescence producing system that results in attachment of a
florescent tag on the solid phase support is preferred. The
detection agent employs fluorescent tag, either conjugated
directly to the detection agent or attached through an inter
mediate complex such as biotin/streptavidin. The intensity of
the signal resulting from the assay is then quantified using an
appropriate imager, e.g., a laser scanning confocal micro
scope such as a Bio-Rad Lasersharp MRC 500 (Bio-Rad
Laboratories Ltd.). Methods for the adsorption of proteins
and protein analogues to colloidal gold are described in, e.g.,
Leuvering, U.S. Pat. No. 4.313,734, hereby incorporated by
reference. Analyte analogue conjugates bearing detectable
labels are also well known to those skilled in the art; see, e.g.,
U.S. Pat. No. 5,851,776, hereby incorporated by reference.
Various apparati and devices for, e.g., sample injection,
reagent delivery, temperature control, coupling of capture
agents to solid supports, reaction mechanics, fluid mechanics.
separation technologies, labeling and detection, imaging.
calibration, data collection and analysis, are further known to
those skilled in the art according to the following references.
each of which is hereby incorporated by reference: U.S. Pat.
Nos. 6,852,503, 6,638,728, 6,709,743, 6,437,179, 6,040,150,
6,432,662, 5,532,379, 5,538,858, 5,527,688, 5,503,741,

5,266,686, 5,112,952, 5,142,027, and 5.219,528; and US
published applications US 2005/0032121, US 2004/
0219622, and US 2002/0192736: U.S. Pat. Nos. 6,919,173,
6.242,236, 5,986,811, 5,717,453, 6,319,670, 6,673,533,

6,362,011, and 5,866.434; and US published applications US
2005/0142033, US 2004/00336610, US 2003/0113713, US
2003/0124572, US 2005/0052646, and US 2002/0086335;
U.S. Pat. Nos. 6,773,812, 6,916,661, 6,905,766, 6,696,265,
6,649,414, 6,696,304, 6,658,357, 6,592,822, 6,046,807,
6,632,526, and 6,524,793; and US published applications US
2005/0152593, US 2005/0151964, US 2005/0073686, US
2005/0030519, US 2004/0039201, US 2001/0026920, and
US 2005/0118574; U.S. Pat. Nos. 6,818,399, 6,673,550,
6,649,351, 6,627,400, 6,306.273, 6,284,113, 6,103,537,
6,103,199, 6,838,680, 6,818,113, 6,614,030, 6,613.525,
6,399,952, and 6,007,690; and US published applications US
2004/0096825, US 2002/0182749, US 2002/0146726, US
2002/0092767, US 2005/0131006, US 2005/0130246, and
US 2005/0130238; U.S. Pat. Nos. 6,551,788, 6,867,005,
6.825,041, 6,696,243, 6,740,257, 6,387,672, 6,861,214,
6,843,481, 6,159,749, 6,033,627, 6,387,622, 6,146,833,
5,814,468, 6,110,749, 5,817,468, 6,660,233, 5,882,596,
5,747,352, 5,863,401, 5,571,680, 5,559,012, 5,849,599,
5,447,838, 5,395,754, 5,583,055, 5,371,021, 5,387,527,
5,451,525, 6,168.956, 6,017,767, 5,998,220, 5,877,028,
5,648,274, 5,607,863, 5,468,648, 5.439,829, 5.225.351,
5,296,195, 5,164,311, 5,013,669, 4,788,138, 5,120,504,
5,369,566, 5,139,744, 5,125,748, 5,108,703, 5,104,621,
5,879,881, 4,727,019, 4,595,661, 4486,530, 4,376,110, and
4,101.276; and US published applications US 2005/0136542,
US 2004/0229226, US 2004/0219535, US 2004/0173457,
US 2003/0219840, US 2003/0198967, US 2003/0153011,
US 2003/0092008, US 2003/0021728, US 2003/0013083,
US 2002/0102736, US 2002/01 15096, US 2005/0123986,
US 2004/002.9156, US 2005/0042120, US 2003/01 19033,
US 2003/0059864, and US 2002/0001853: U.S. Pat. Nos.
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5,753,517, 6,509,196 and 6,881,572; and US published appli
cations US 2004/0171092A1, US 2003/0199004A1, US
2003/0071235, and 2003/0162236; U.S. Pat. Nos. 6,341,182,
6,498,010, 6,902,897, 6,897,026, and 6,308,751; and US

published applications US 2003/0224447, US 2005/
0048672, US 2004/0241700, and US 2003/0071235; US pub
lished applications US 2004/0005697, US 2004/0224318,
US 2005/0118640, US 2005/0124059, and
O170356; U.S. Pat. Nos. 6,251,687, 6,830,731,
6,165,981, 6,121,056, 6,083,708, 5,898,005,
4,786,606, 4,774,174, 4,752,562, 6,686,208,

US 2005/
6,392,894,
5,861,319,
6,441,055,

6,440,748, and 6.274,872; and US published application US
2003/0032199; U.S. Pat. Nos. 6,156,270, 6,194.222, 6,391,
265, 6,669,907, 6,297,060, and 6,905,882; and U.S. Pat. No.

5,529.902. Those reagents, devices, and system components
disclosed in the above-referenced US patents and published
patent applications that are suitable for use with the present
invention are recognizable by those skilled in the art, and are
each hereby incorporated by reference herein.
EXAMPLE

0103 Results of a multi-analyte assay using the method of
the invention are shown in FIGS. 13-16. A set of multiplexed
assays of five antigens (IL-1B, IL-2, IL-6, IL-7 & TNFC.)
were run over an analyte concentration range of 50 pg/ml
500,000 pg/mL. The analyte molar concentrations can be
calculated from the molecular weights of the antigens as
follows:

Antigen
IL-1B
IL-2
IL-6
IL-7
TNFC

Molecular Weight
17
1S
20.3
17
17.5

KD
KID
KD
KD
KD

0104. After benchmarking the basic performance of the
assays, the IL-1B antigen concentrations were scaled by add
ing Scaling anti-IL-1B. The response to IL-1B was signifi
cantly reduced while the others remained substantially
unchanged.
0105 Varied concentrations of five cytokines were spiked
into serum and measured using a multiplexed immunoassay.
The baseline of the five-plex assay is shown in FIG. 13. The
baselines for four of the cytokines assayed (IL-1B, IL-2, IL-6
& TNFC.) saturate at the high end of the concentration range.
The fifth analyte, the cytokine IL-7, is the only analyte having
a linear response out to 500,000 pg/mL. (This may be a
function of a low antibody affinity for the IL-7 antibodies.)
0106. In a second set of assays the samples were spiked

with 2.3 ug/ml (15.2x10 mol/L) of IL-1B scaling antibody

to scale the concentration of free IL-1B antigen for detection.
As shown in FIG. 14, the response of the IL-1B has been
reduced by about a factor of 33, while the response to the
other cytokines remains unchanged. This is better illustrated
in FIGS. 15 and 16. FIG. 15 is a graphical plot of the IL-1B,
IL-2, and TNFC. curves from FIGS. 13 and 14 superimposed
on a single graph. FIG. 16 is a graphical plot of the IL-1B.
IL-6, and IL-7 curves from FIGS. 13 and 14 superimposed on
a single graph. These two graphs show that the addition of the
anti-IL-1B scaling antibody greatly reduces the assay’s

response to IL-1B, while leaving the response to the other
cytokines Substantially unchanged.
0107 These data show that multi-analyte assays can be
scaled in order to reduce the available concentration of a

particular analyte without affecting the response of the other
analytes in the system.
1. A method of adjusting the concentration of at least one
but not all of a plurality of analytes in a fluid sample to match
a working range of detection of an analyte assay system, said
method comprising the steps of
a) obtaining characterization of a working range of detec
tion of an analyte assay system for quantitative determi
nation of the concentration of a plurality of analytes in a
fluid sample, said characterization comprising a high
end and a low end of said working range;
b) providing a fluid sample in which each of a plurality of
analytes may or may not be present within an expected
initial concentration range having a high end and a low
end, said plurality of analytes comprising at least one
high concentration analyte having a high end expected
concentration range that exceeds the high end of said
working range of said assay system; and
c) adjusting the expected concentration of said high con
centration analyte by a proportional Scaling constant, C.
So that said high end of said adjusted expected concen
tration range is less than or equal to the high end of said
working range, without adjusting the expected concen
tration range of at least one other of said plurality of
analytes.
2. The method of claim 1, wherein a ratio of said adjusted
concentration of said high concentration analyte to the initial
concentration of said high concentration analyte is indepen
dent of said initial concentration of said high concentration
analyte.
3. The method of claim 1, wherein said adjusting step
comprises the steps of
a) providing a scaling agent (S) having binding specificity
for at least one, but not all, of said plurality of analytes,
whereby binding of analyte by said Scaling agent pre
vents detection of said analyte by said assay system; and
b) introducing a certain amount of said Scaling agent (S) to
said sample to create a reaction mixture, under condi
tions such that, Subsequent to the reaction mixture com
ing Substantially to equilibrium binding conditions, the
reaction mixture comprises a Scaling agent-analyte com
plex portion having a scaling agent-analyte complex
concentration (ASI), a free analyte portion having a free

analyte concentration (IA), and a free scaling agent
portion having a free scaling agent concentration (ISA),

wherein said introducing results in a total scaling agent
concentration (ISI) in said reaction mixture equal to the
Sum of said free Scaling agent concentration plus said

scaling agent-analyte complex concentration (ISA+

AS), and a total analyte concentration (AI) in said
reaction mixture equal to the sum of said free analyte
concentration plus said Scaling agent-analyte complex

concentration (IA+AS).

4. The method of claim 3, wherein S is greater than or
equal to the high end expected initial concentration of said
high concentration analyte in said reaction mixture.
5. The method of claim3, whereinS is at least four times

greater than A and the product of A and K, is less than

one fourth.
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6. The method of claim3, whereinS is at least nine times

greater than A and the product of A and K, is less than

one ninth.

7. The method of claim 3, wherein said Scaling agent is a
dry reagent.
8. A method of quantitatively determining the concentra
tion of a plurality of analytes in a fluid sample, said method
comprising the steps of
a) providing an assay system for the quantitative determi
nation of the concentration of a plurality of analytes in a
fluid sample, said assay system comprising a defined
working range having a high end and a low end;
b) providing a fluid sample in which each of a plurality of
analytes which may or may not be present within an
expected initial concentration range having a high end
and a low end, said plurality of analytes comprising at
least one high concentration analyte having a high end
expected concentration range that exceeds the high end
of said working range of said assay system;
c) adjusting the expected concentration of said high con
centration analyte by a proportional scaling constant, C.
So that said high end of said adjusted expected concen
tration range is less than or equal to the high end of said
working range, without adjusting the expected concen
tration range of at least one other of said plurality of
analytes;
d) introducing said sample to a solid Support comprising at
least one immobilized capture agent, said capture agent
having binding specificity for at least one of said plural
ity of analytes, under conditions permitting binding
between said analytes and said capture agent to form
analyte-capture agent complex; and
e) determining said analyte-capture agent complex on said
Solid Support as an indication of the initial concentration
of said analytes in said fluid sample.
9. The method of claim 8, wherein said adjusting step
precedes introducing said fluid sample to said solid Support.
10. The method of claim 8, wherein introducing said fluid
sample to said solid Support precedes said adjusting step.
11. The method of claim 8, wherein said adjusting step
coincides with introducing said fluid sample to said Solid
Support.

12. The method of claim 8, wherein a ratio of said adjusted
concentration of said high concentration analyte to the initial
concentration of said high concentration analyte is indepen
dent of said initial concentration of said high concentration
analyte.
13. The method of claim 8, wherein said adjusting step
comprises the steps of
a) providing a scaling agent (S) having binding specificity
for at least one, but not all, of said plurality of analytes,
wherein binding of said Scaling agent to said high con
centration analyte prevents binding of said high concen
tration analyte to said at least one capture agent; and
b) introducing a certain amount of said Scaling agent (S) to
said sample to create a reaction mixture, under condi
tions such that, Subsequent to the reaction mixture com
ing Substantially to equilibrium binding conditions, the
reaction mixture comprises a Scaling agent-analyte com
plex portion having a scaling agent-analyte complex
concentration (ASI), a free analyte portion having a free

analyte concentration (IA), and a free scaling agent
portion having a free scaling agent concentration (IS);
wherein said introducing results in a total scaling agent

Mar. 5, 2009

concentration (ISI) in said reaction mixture equal to the
Sum of said free Scaling agent concentration plus said

scaling agent-analyte complex concentration (ISA+

AS), and a total analyte concentration (AI) in said
reaction mixture equal to the sum of said free analyte
concentration plus said Scaling agent-analyte complex

concentration (IA+AS).

14. The method of claim 13, wherein said total scaling
agent concentration (ISI) is at least four times greater than

said free analyte concentration (IAA), and the product of A.

and K is less than one fourth.
15. The method of claim 13, wherein said total scaling
agent concentration (ISI) is at least nine times greater than

said free analyte concentration (IAA), and the product of A

and K is less than one ninth.
16. The method of claim 13, wherein said scaling agent (S)
binds said high concentration analyte with a binding affinity
K. and wherein S is greater than A and the scaling
constant, C., is proportional to (KS+1).
17. The method of claim 16, wherein said scaling constant,
C. equals (KSI+1).
18. The method of claim 13, wherein S is greater than or
equal to A and wherein a ratio of the free analyte concen

tration to the total analyte concentration, (IA/(A)), is inde
pendent of said total analyte concentration (AI) at said total
Scaling agent concentration (ISI).
19. The method of claim 13, wherein a ratio of free analyte

concentration to total analyte concentration, (IA/(A)), is

independent of said total analyte concentration within the
adjusted concentration range.
20. The method of claim 8, wherein said determining step
comprises measuring a parameter representative of the
amount of each analyte bound to said capture agent as an
indication of the initial concentration of said analyte in said
sample.
21. The method of claim 8, wherein said determining step
comprises measuring a detectable signal.
22. The method of claim 13, wherein said determining said
analyte-capture agent complex on said solid Support com
prises introducing at least one detection binder to said solid
Support under conditions permitting said detection binder to
bind said analyte-capture agent complex, and determining the
amount of detection binder bound to said analyte-capture
agent complex as an indication of the initial concentration of
said analytes in said fluid sample.
23. The method of claim 22, wherein said detection binder

comprises a detectable signal, and wherein said determining
the amount of detection binder bound to said analyte-capture
agent complex comprises measuring said detectable signal,
said signal being proportional to said concentration of said
analyte in said sample.

24. The method of claim 23, wherein said method further

comprises the step of removing said Scaling agent-analyte
complex from said reaction mixture prior to said contacting
the reaction mixture with a solid Support.
25. The method of claim 13, wherein binding of said scal
ing agent to said high concentration analyte prevents binding
of said high concentration analyte to said at least one capture
agent, and wherein said method further comprises the step of
prior to introducing said sample to said solid Support, intro
ducing to said reaction mixture an analyte analogue conjugate
comprising a detectable signal, said analogue conjugate
capable of competing with said high concentration analyte for
binding to said Scaling agent and said capture agent.
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26. The method of claim 25, wherein said determining the
amount of each of said analytes bound to said at least one
capture agent comprises determining the amount of analyte
analogue conjugate bound to said solid Support as an inverse
indication of the amount of analyte bound to said solid Sup
port, and as an inverse indication of the initial concentration
of said analytes in said fluid sample.
27. The method of claim 26, wherein said analyte analogue
conjugate is present in said reaction mixture at a total analyte
analogue conjugate concentration A* , and said total scal
ing agent concentration S is greater than or equal to a sum
of said total analyte concentration and said total analyte ana
logue conjugate concentration (A+A).
28. The method of claim 25, wherein said total scaling
agent concentration (ISI) is at least four times greater than

said free analyte concentration (IAI), and the product of A

and K is less than one fourth.
29. The method of claim 25, wherein said total scaling
agent concentration (ISI) is at least nine times greater than

said free analyte concentration (IA), and the product of A.

and K is less than one ninth.
30. A method of measuring the affinity of a binding agent,
K, for an analyte, said method comprising the steps of
a) providing a fluid sample comprising an analyte;
b) experimentally determining a value of a scaling constant
C.; and

c) calculating K, where K is equal to (C-1)/IS).

31. A system for performing an assay for the quantitative
determination of the concentration of a plurality of analytes in
a fluid sample, said system comprising at least one capture
agent immobilized on a solid Support, and said assay com
prising a defined working range having a high end and a low
end, said system comprising:
a) means for providing a fluid sample in which each of a
plurality of analytes may or may not be present within an
expected initial concentration range having a high end
and a low end, said plurality of analytes comprising at
least one high concentration analyte having a high end
expected concentration range that exceeds the high end
of said working range of said assay;
b) means for adjusting the expected concentration of said
high concentration analyte by a scaling constant, C. So
that said high end of said adjusted expected concentra
tion range is less than or equal to the high end of said
working range, without adjusting the expected concen
tration range of at least one other of said plurality of
analytes, wherein said adjusting means comprise:
i) means for providing a scaling agent (S) having binding
specificity for at least one, but not all, of said plurality
of analytes, wherein binding of said Scaling agent to
said high concentration analyte prevents binding of
said high concentration analyte to said at least one
capture agent; and
ii) means for introducing said Scaling agent (S) to said
sample to create a reaction mixture and allowing the
reaction mixture to come to equilibrium, whereby the
reaction mixture comprises a scaling agent-analyte
complex portion having a scaling agent-analyte com
plex concentration (ASI), a free analyte portion hav

ing a free analyte concentration (IA), and a free
Scaling agent portion having a free scaling agent con
centration (ISA), wherein said equilibrium reaction
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mixture comprises a total scaling agent concentration
(S) equal to the sum of said free scaling agent
concentration plus said Scaling agent-analyte com

plex concentration (ISI+ASI), and a total analyte

concentration (LA) equal to the Sum of said free
analyte concentration plus said Scaling agent-analyte

complex concentration (IA+AS), wherein said

Scaling agent (S) binds said high concentration ana
lyte with a binding affinity K, S, is greater than
A. and the scaling constant, C., is a coefficient pro
portional to KS+1;
c) means for introducing, Subsequent to the reaction mix
ture coming to equilibrium, at least said free analyte
portion of said reaction mixture to a solid Support com
prising at least one immobilized capture agent, said at
least one immobilized capture agent having binding
specificity for said high concentration analyte, under
conditions permitting binding between said high con
centration analyte and said capture agent to form ana
lyte-capture agent complex; and
d) means for determining said analyte-capture agent com
plex on said solid Support as an indication of the initial
concentration of said high concentration analyte in said
fluid sample.
32. The system of claim 31, wherein said means for deter
mining comprises means for measuring a parameter repre
sentative of the amount of each analyte bound to said capture
agent as an indication of the initial concentration of said
analyte in said sample.
33. The system of claim 31, wherein said means for deter
mining comprises means for measuring a detectable signal.
34. The system of claim 31, wherein said means for deter
mining comprises means for introducing at least one detec
tion binder to said Solid Support under conditions permitting
said detection binder to bind said analyte-capture agent com
plex, and means for determining the amount of detection
binder bound to said analyte-capture agent complex as an
indication of the initial concentration of said analytes in said
fluid sample.
35. The system of claim 34, wherein said means for deter
mining the amount of detection binder bound to said analyte
capture agent complex comprises means for measuring said
detectable signal, said signal being proportional to said con
centration of said analyte in said sample.
36. The system of claim 31, wherein said system further
comprises means for removing said Scaling agent-analyte
complex from said reaction mixture prior to said contacting
the reaction mixture with a solid Support.
37. The system of claim 31, wherein said system further
comprises means for introducing to said reaction mixture an
analyte analogue conjugate comprising a detectable signal,
said analogue conjugate capable of competing with said high
concentration analyte for binding to said Scaling agent and
said capture agent.
38. The system of claim37, wherein said system comprises
means for determining the amount of analyte analogue con
jugate bound to said solid Support as an inverse indication of
the amount of analyte bound to said solid Support, and as an
inverse indication of the initial concentration of said analytes
in said fluid sample.

