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(37 ABSTRACT

Particular aspects of the present invention relate to methods
for detecting glycated hemoglobin in, for example, human
whole blood, that are not affected by the presence of variation
in amino acid sequence that can exist in hemoglobin f§ chains.
The methods detect all glycated hemoglobin in a sample,
regardless of the form of the hemoglobin that has been gly-
cated, and thus detect glycated human Hemoglobin A, Hemo-
globin S, and Hemoglobin C.
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METHODS FOR THE DETECTION OF
GLYCATED HEMOGLOBIN

FIELD OF THE INVENTION

[0001] Particular aspects of the present invention relate to
methods for detecting glycated human hemoglobin in, for
example, human whole blood, that are not affected by the
presence of hemoglobin variants in the blood.

BACKGROUND OF THE INVENTION

[0002] Hemoglobin present in red blood cells can be gly-
cated by the non-enzymatic addition of a glucose molecule to
the amino terminus of the B-chain of the hemoglobin. Once a
hemoglobin molecule is glycated, it remains glycated, and an
accumulation of glycated hemoglobin within a red cell
reflects the average level of glucose to which the cell has been
exposed during its life cycle. The level of glycated hemoglo-
bin present in an individual’s blood is thus proportional to the
level of glucose in the blood, and is an indicator of the indi-
vidual’s mean daily blood glucose concentration over the
previous four weeks to three months.

[0003] Numerous methods exist for determining the level
of glycated hemoglobin in human blood, most of which
involve calculating the relative amount of glycated hemoglo-
bin A (HbAlc) present in the blood, due to the fact that
hemoglobin A (HbA) is the major form of hemoglobin
present in human blood. Techniques such as high perfor-
mance liquid chromatography and immunoaffinity selection
are used in such methods, which take advantage of physical
and/or chemical properties of glycated hemoglobin A that
distinguish it from other forms of hemoglobin present in the
blood.

[0004] Variant forms of hemoglobin exist, however, such as
hemoglobin S (HbS) and hemoglobin C (HbC), which differ
from hemoglobin A at the amino acid residue at position six of
the hemoglobin f-chain. The hemoglobin S and hemoglobin
C forms of hemoglobin can be glycated, and glycated hemo-
globin S and hemoglobin C have been shown to interfere with
most of the current methods for quantitating glycated human
hemoglobin, causing up to a 40% elevation in the results. A
need therefore exists for methods for detecting glycated
human hemoglobin that are not subject to interference caused
by hemoglobin variants.

SUMMARY OF THE INVENTION

[0005] In certain embodiments, the invention relates to
methods for detecting glycated human hemoglobin that com-
prise contacting a sample to be tested for glycated human
hemoglobin with an endopeptidase, contacting the endopep-
tidase-treated sample with proline-specific endopeptidase,
and detecting glycated f3-chain amino-terminal pentapeptide
of human hemoglobin.

[0006] Inother embodiments, the invention relates to meth-
ods for detecting glycated human hemoglobin that comprise
contacting a sample to be tested for glycated human hemo-
globin with an endopeptidase either simultaneously with,
prior to, or following contacting the sample with an aggluti-
nator reagent, contacting the endopeptidase and agglutinator
reagent-treated sample with proline-specific endopeptidase,
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and detecting glycated B-chain amino-terminal pentapeptide
of human hemoglobin with an agglutination inhibition immu-
noassay.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] FIG. 1 depicts the rate of agglutination of latex
coated with mouse monoclonal anti-HbAlc antibody caused
by various formulations of an agglutinator reagent (polyas-
partamide-conjugated B-chain amino-terminal glycated sex-
apeptide of human hemoglobin) over a period of 14 days. The
formulations contained the agglutinator reagent without both
ethylenediamine tetraacetic acid (EDTA) and proline-spe-
cific endopeptidase, with EDTA only, and with both EDTA
and proline-specific endopeptidase.

[0008] FIG. 2 depicts the rate of agglutination of latex
coated with mouse monoclonal anti-HbAlc antibody caused
by various formulations of an agglutinator reagent (polyas-
partamide-conjugated p-chain amino-terminal glycated sex-
apeptide of human hemoglobin) over a period of 18 days. The
formulations contained the agglutinator reagent and proline-
specific endopeptidase with both EDTA and BSA, or with
BSA only.

[0009] FIG. 3 depicts a correlation slope in which the per-
centage of glycated hemoglobin present in human whole
blood samples containing hemoglobin S and hemoglobin C
calculated using the ADVIA® 1650 Hb Alc method is plotted
against the percentage of glycated hemoglobin present in the
samples calculated using the DCA® 2000 HbAlc assay.
[0010] FIG. 4 depicts a correlation slope in which the per-
centage of glycated hemoglobin determined to be present in
human whole blood samples containing hemoglobin S and
hemoglobin C that were reacted with an agglutinator reagent
and 0.0 U/mL proline-specific endopeptidase using an
ADVIA® 1650 instrument is plotted against the percentage
of glycated hemoglobin present in the samples determined
using the DCA® 2000 HbAlc assay.

[0011] FIG. 5 depicts a correlation slope in which the per-
centage of glycated hemoglobin determined to be present in
human whole blood samples containing hemoglobin S and
hemoglobin C that were reacted with an agglutinator reagent
and 0.1 U/mL proline-specific endopeptidase using an
ADVIA® 1650 instrument is plotted against the percentage
of glycated hemoglobin present in the samples determined
using the DCA® 2000 HbAlc assay.

[0012] FIG. 6 depicts a correlation slope in which the per-
centage of glycated hemoglobin determined to be present in
human whole blood samples containing hemoglobin S and
hemoglobin C that were reacted with an agglutinator reagent
and 0.2 U/mL proline-specific endopeptidase using an
ADVIA® 1650 instrument is plotted against the percentage
of glycated hemoglobin present in the samples determined
using the DCA® 2000 HbAlc assay.

[0013] FIG. 7 depicts a correlation slope in which the per-
centage of glycated hemoglobin determined to be present in
human whole blood samples containing hemoglobin S and
hemoglobin C that were reacted with an agglutinator reagent
and 0.33 U/mL proline-specific endopeptidase using an
ADVIA® 1650 instrument is plotted against the percentage
of glycated hemoglobin present in the samples determined
using the DCA® 2000 HbAlc¢ assay.

[0014] FIG. 8 depicts a correlation slope in which the per-
centage of glycated hemoglobin determined to be present in
human whole blood samples containing hemoglobin S and
hemoglobin C that were reacted with an agglutinator reagent
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and 0.43 U/ml proline-specific endopeptidase using an
ADVIA® 1650 instrument is plotted against the percentage
of glycated hemoglobin present in the samples determined
using the DCA® 2000 HbAlc assay.

[0015] FIG. 9 depicts a correlation slope in which the per-
centage of glycated hemoglobin determined to be present in
human whole blood samples containing hemoglobin S and
hemoglobin C that were reacted with an agglutinator reagent
and 0.54 U/mL proline-specific endopeptidase using an
ADVIA® 1650 instrument is plotted against the percentage
of glycated hemoglobin present in the samples determined
using the DCA® 2000 HbAlc¢ assay.

[0016] FIG. 10 depicts values of the correlation slopes
illustrated in FIGS. 3 to 9 plotted [text missing or illeg-
ible when filed]

DETAILED DESCRIPTION OF ILLUSTRATIVE
EMBODIMENTS

[0017] Particular aspects of the present invention relate to
methods for detecting glycated hemoglobin present in human
blood that are not affected by the variation in amino acid
sequence that can exist in hemoglobin f§ chains. The methods
detect all glycated hemoglobin in a sample, regardless of the
form of the hemoglobin that has been glycated, and thus
detect glycated hemoglobin A, hemoglobin S, and hemoglo-
bin C.

[0018] Hemoglobin S and hemoglobin C contain a point
mutation at position 6 of the human hemoglobin f§ chain. The
glutamic acid residue at position six of the hemoglobin A {3
chain is replaced with a lysine residue in hemoglobin C and
with a valine residue in hemoglobin S. The glycated amino
terminal 18 amino acids of the human hemoglobin A, hemo-
globin S, and hemoglobin C f§ chains are shown below:

HbA:
Glucose-val-hig-leu-thr-pro-glu-glu-lys-ser-ala-

val-thr-ala-leu-try-gly-lys-val - - -

HbC:
Glucose-val-hig-leu-thr-pro-lys-glu-lys-ser-ala-

val-thr-ala-leu-try-gly-lys-val - - -

HbS:
Glucose-val-hig-leu-thr-pro-val-glu-lys-ser-ala-

val-thr-ala-leu-try-gly-lys-val - - -

[0019] Proline specific endopeptidase (PSE) selectively
cleaves at the carboxy side of the proline residue at position 5
of the human hemoglobin f chain. Digestion of samples
containing hemoglobin A, hemoglobin S, and hemoglobin C
with proline-specific endopeptidase thus yields the same gly-
cated pentapeptide for each of hemoglobin A, hemoglobin S,
and hemoglobin C.

[0020] Certain embodiments of the present invention relate
to methods that include digesting endopeptidase-treated
human hemoglobin-containing samples with proline specific
endopeptidase to liberate the glycated or unglycated amino-
terminal pentapeptide of the human hemoglobin § chain. The
level of glycated pentapeptide in the samples can then be
quantitated to provide an indication of the amount of glycated
hemoglobin present in the samples.

[0021] As used herein, the terms “detect,” “detecting,” and
all variations thereof refer to any method used to quantita-
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tively determine the presence of glycated human hemoglobin
or of the amino-terminal pentapeptide of glycated human
hemoglobin present in a sample regardless of the amount of
the glycated human hemoglobin or of the amino-terminal
pentapeptide of glycated human hemoglobin present in the
sample and regardless of the form of the hemoglobin present
in the sample and regardless of the form of the hemoglobin in
the sample from which the peptide

[0022] Asused herein, the term “glycated human hemoglo-
bin” refers to any form of human hemoglobin to which a
glucose molecule has been bound to the amino terminus of the
[-chain of the hemoglobin without the action of an enzyme.
The term “glycated -chain amino-terminal pentapeptide of
human hemoglobin” refers to the amino-terminal pentapep-
tide of the B-chain of any form of human hemoglobin to
which a glucose molecule has been bound to the amino-
terminus of the pentapeptide without the action of an enzyme.
[0023] As used herein, the terms “contacting,” “contact,”
and all variations thereof, refer to any means that directly or
indirectly cause placement together of moieties or compo-
nents, such that the moieties or components come into physi-
cal contact with each other. Contacting thus includes physical
acts such as placing the moieties or components together in a
container, combining the moieties or components, or mixing
the moieties or components.

[0024] As used herein, the term “endopeptidase” refers to
any enzyme that hydrolyzes a peptide bond in a peptide,
polypeptide or protein.

[0025] As used herein, the term “acid endopeptidase”
refers to any enzyme that hydrolyzes a peptide bond in a
peptide, polypeptide or protein in an acidic environment.
[0026] As used herein, the terms “mixing,” “mix,” “add-
ing.” and “add,” and all variations thereof, refer to any means
that directly or indirectly cause placement together of moi-
eties or components, such that the moieties or components
come into close proximity to each other. The terms include
acts such as placing the moieties or components together in a
container, combining the moieties or components, contacting
the moieties or components, or stirring, vortexing, or agitat-
ing the moieties or components together. The term “mixture”
refers to moieties or components that have been placed
together in close proximity.

[0027] Particular aspects of the invention relate to methods
for detecting glycated human hemoglobin that comprise con-
tacting a sample to be tested for glycated human hemoglobin
with an endopeptidase, contacting the endopeptidase-treated
sample with proline-specific endopeptidase, and detecting
glycated f-chain amino-terminal pentapeptide of human
hemoglobin present in the sample.

[0028] In preferred embodiments of the invention, the
sample is human whole blood.

[0029] In certain embodiments of the invention, the per-
centage of glycated human hemoglobin in the sample is deter-
mined. In such methods, the concentration of glycated human
hemoglobin in the sample is determined and the total hemo-
globin concentration, which includes both glycated human
hemoglobin in the sample is calculated by dividing the con-
centration of the glycated hemoglobin by the concentration of
the total hemoglobin.

[0030] The total hemoglobin concentration in the sample
can be determined using methods familiar to those skilled in
the art, including, for example, an assay based on the conver-
sion of all hemoglobin derivatives into alkaline hematin upon
treatment with an alkaline solution of a nonionic detergent, as
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described in Wolf, H. U., et al., Clin Chim Acta, 1984, 136,
95-104 and Zander R., et al.. Clin Chim Acta, 1984, 136,
83-93, incorporated herein by reference in their entireties.
Alkaline hematin has a defined absorption spectrum at 600
nm, and the hematin content can be measured by determining
absorption at 600 nm.

[0031] Any endopeptidase can be used toinitially digest the
human hemoglobin present in a sample before digestion with
proline-specific endopeptidase. The endopeptidase digestion
can be performed manually or can be performed automati-
cally on any chemistry system capable of sample dilution.
[0032] In particular embodiments of the invention, the
endopeptidase is an acid endopeptidase. In preferred embodi-
ments of the invention, the acid endopeptidase is pepsin,
aspergillopepsin 11, cathepsin D, saccharopepsin, mucorpep-
sin, chymosin, gastricsin, or physirolisin. In particularly pre-
ferred embodiments, the acid endopeptidase is pepsin. In
certain aspects of the invention, the samples are digested with
about 5 U/mL to about 10,000 U/mL pepsin. In preferred
embodiments, the samples are digested with about 4,800
U/mL to about 8,600 U/mL pepsin. In particularly preferred
embodiments, the samples are digested with about 6,000
U/mL to about 7,000 U/mL pepsin. In particular embodi-
ments of the invention, the pepsin digestion is performed at a
pH in the range of about 1.0 to about 5.0. In preferred embodi-
ments of the invention, the pepsin digestion is performed at a
pH in the range of about 2.0 to about 4.0. In particularly
preferred embodiments of the invention, the pepsin digestion
is performed at a pH in the range of about 2.3 to about 2.5.
[0033] In certain embodiments of the invention, following
endopeptidase digestion, samples are digested with proline-
specific endopeptidase. In particular embodiments, such
samples are treated with about 0.1 U/mL to about 30 U/mL
proline-specific endopeptidase. In preferred embodiments,
such samples are treated with about 0.3 U/mL to about 5.0
U/mL proline-specific endopeptidase. In particularly pre-
ferred embodiments, such samples are treated with about 0.5
U/mL to about 0.8 U/mL proline-specific endopeptidase. In
particular embodiments of the [text missing or illegible
when filed]about 5.0 to about 9.0. In preferred embodi-
ments of the invention, such proline-specific endopeptidase
digestions are performed at a pH in the range of about 6.0 to
about 8.0. In particularly preferred embodiments of the inven-
tion, such proline-specific endopeptidase digestions are pet-
formed at a pH in the range of about 6.9 to about 7.1.

[0034] The glycated f-chain amino-terminal pentapeptide
of human hemoglobin liberated following endopeptidase and
proline-specific endopeptidase digestion can be detected with
any method, including, for example, methods that comprise
the use of high performance liquid chromatography or that
comprises the binding of at least one antibody, whether poly-
clonal or monoclonal, to the glycated pentapeptide.

[0035] In preferred embodiments of the invention, the gly-
cated -chain amino-terminal pentapeptide of human hemo-
globinis detected with an agglutination inhibition immunoas-
say, as described, for example, in U.S. Pat. No. 4,847,209,
incorporated herein by reference in its entirety. In particular
examples of such assays, samples containing the glycated
[-chain amino-terminal pentapeptide of human hemoglobin
are mixed with an agglutinator reagent, such as, for example,
glycated val-his-leu-thr-tyr-cys sexapeptide conjugated to
polyaspartamide. Samples are also mixed with an antibody. In
preferred embodiments of the invention, the antibody specifi-
cally binds to both the glycated -chain amino-terminal pen-
tapeptide of human hemoglobin and the agglutinator reagent.
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In particular aspects of the invention, at least one antibody
molecule is bound to one or more latex particles. Preferred
antibodies include, for example, latex-coated mouse mono-
clonal anti-HbA 1¢ antibody.

[0036] In such agglutination inhibition immunoassays, the
[-chain amino-terminal glycated pentapeptide of human
hemoglobin in a sample competes with the agglutinator
reagent for antibody binding sites and slows the rate of agglu-
tination, which occurs when the agglutinator reagent binds
the latex-coated antibody. The more fi-chain amino-terminal
glycated pentapeptide of human hemoglobin present in the
sample, the slower the rate of agglutination. The rate of agglu-
tination thus provides an indication of the concentration of the
[-chain amino-terminal glycated pentapeptide of human
hemoglobin present in the sample.

[0037] The endopeptidase digestion, proline-specific
endopeptidase digestion, and agglutination inhibition immu-
noassay can be performed in various ways. For example, in
certain embodiments of the invention, the samples are first
digested with an endopeptidase and the endopeptidase-
treated samples are then reacted with proline-specific
endopeptidase, followed by contacting the sample with an
agglutinator reagent, followed by contacting the samples with
an antibody. In other embodiments of the invention, the
samples are first digested with an endopeptidase and the
endopeptidase-treated samples are then contacted with a mix-
ture of proline-specific endopeptidase and an agglutinator
reagent, followed by contacting the samples with an antibody.
In still further embodiments of the invention, the samples are
first digested with an endopeptidase and the endopeptidase-
treated samples are then contacted with an agglutinator
reagent, followed by contacting the samples with proline-
specific endopeptidase, followed by contacting the samples
with an antibody.

[0038] Particular aspects of the invention thus relate to
methods that comprise contacting samples with an endopep-
tidase and contacting the endopeptidase-treated samples with
proline specific endopeptidase either simultaneously with,
prior to, or following contacting the sample with an aggluti-
nator reagent.

[0039] In preferred embodiments of the invention, the
endopeptidase-treated sample is contacted with a mixture of
proline specific endopeptidase and the agglutinator reagent.
In particular examples of such embodiments, the mixture of
proline specific endopeptidase and the agglutinator reagent
comprises about 0.1 g/dL to about 5.0 g/dL bovine serum
albumin and about 0.5 mmol/L to about 10.0 mmol/L ethyl-
enediamine tetraacetic acid and has a pH in the range of about
6.0 to about 8.0. In preferred examples of such embodiments,
the mixture of proline specific endopeptidase and the agglu-
tinator reagent comprises about 1.0 g/dL to about 2.0 g/dL,
bovine serum albumin and about 1.0 mmol/L to about 5.0
mmol/L ethylenediamine tetraacetic acid and has a pH in the
range of about 6.0 to about 8.0. In particularly preferred
examples of such embodiments, the mixture of proline spe-
cific endopeptidase and the agglutinator reagent comprises
about 1.4 g/dL to about 1.6 g/dL. bovine serum albumin and
about 2.9 mmol/L to about 3.1 mmol/L ethylenediamine tet-
raacetic acid and has a pH in the range of about 6.0 to about
8.0.

[0040] Particular embodiments of the invention relate to
methods for detecting glycated human hemoglobin in which
a sample is contacted with an endopeptidase and with an
agglutinator reagent before contacting the sample with pro-
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line-specific endopeptidase. If the sample in such methods is
human whole blood, the sample may, in some instances, be
initially diluted with, for example, saline.

[0041] Particular aspects of the invention thus relate to
methods that comprise contacting a [text missing or illeg-
ible when filed]the sample with proline-specific endopep-
tidase, which is followed by contacting the sample with an
antibody. Other embodiments of the invention relate to meth-
ods that comprise contacting a sample with a mixture of an
endopeptidase and an agglutinator reagent, followed by con-
tacting the sample with a mixture of proline-specific
endopeptidase and an antibody. Further embodiments of the
invention relate to methods that comprise contacting a sample
with an agglutinator reagent followed by contacting the
sample with pepsin, followed by contacting the sample with
proline-specific endopeptidase, followed by contacting the
sample with an antibody. Additional aspects of the invention
relate to methods that comprise contacting a sample with an
agglutinator reagent followed by contacting the sample with
pepsin, followed by contacting the sample with a mixture of
proline-specific endopeptidase and an antibody. Other
aspects of the invention relate to methods that comprise con-
tacting a sample with pepsin followed by contacting the
sample with an agglutinator reagent, followed by contacting
the sample with proline-specific endopeptidase, followed by
contacting the sample with an antibody. Certain additional
embodiments of the invention relate to methods that comprise
contacting a sample with pepsin followed by contacting the
sample with an agglutinator reagent, followed by contacting
the sample with a mixture of proline-specific endopeptidase
and an antibody.

[0042] Aspects of the invention thus relate to methods for
detecting glycated human hemoglobin that comprise contact-
ing a sample to be tested for glycated human hemoglobin with
an endopeptidase either simultaneously with, prior to, or fol-
lowing contacting the sample with an agglutinator reagent,
contacting the endopeptidase and agglutinator reagent-
treated sample with proline-specific endopeptidase, and
detecting glycated f-chain amino-terminal pentapeptide of
human hemoglobin with an agglutination inhibition immu-
noassay. In preferred embodiments of such methods, the
sample is contacted with a mixture of pepsin and the agglu-
tinator reagent, which preferably comprises about 3 U/mL to
about 100 U/mL pepsin and has a pH in the range of about 1.0
to about 4.0.

[0043] Further aspects of the invention relate to methods
for detecting glycated human hemoglobin that comprise con-
tacting a sample to be tested for glycated human hemoglobin
with an endopeptidase either simultaneously with, prior to, or
following contacting the sample with an agglutinator reagent,
contacting the endopeptidase and agglutinator reagent-
treated sample with proline-specific endopeptidase either
simultaneously with or before contacting the sample with an
antibody that specifically binds to both glycated p-chain
amino-terminal pentapeptide of pentapeptide of human
hemoglobin with an agglutination inhibition immunoassay.
In preferred embodiments of such methods, the endopepti-
dase and agglutinator reagent-treated sample are contacted
with a mixture of proline specific endopeptidase and the
antibody, which preferably comprises about 2.0 U/mL to
about 30.0 U/mL proline specific endopeptidase and has a pH
in the range of about 7.0 to about 8.0.

[0044] The following examples are illustrative of certain
embodiments of the invention and should not be considered to
limit the scope of the invention.

Oct. 28, 2010

Example 1

Digestion of Human Whole Blood Samples with
Pepsin and Proline-Specific Endopeptidase

[0045] 7.5 ul of DCA N (Normal control , DCA® 2000
Analyzer reagent kit (Siemens Medical Solutions Diagnos-
tics)) or DCA AB (Abnormal control, DCA® 2000 Analyzer
reagent kit (Siemens Medical Solutions Diagnostics)) were
incubated at room temperature for 20 minutes with 150 uL
Sample Denaturant Reagent (ADVIA® HbAlc reagent kit
(Siemens Medical Solutions Diagnostics)) containing 250
U/mL of pepsin. 150 ul, proline-specific endopeptidase (30
U/mL) in 0.1 mol/L, phosphate buffer, pH 7.0, was added to
half the pepsin-treated samples, and the proline-specific
endopeptidase-treated samples were incubated for 30 min-
utes at room temperature. The remaining pepsin-treated
samples were not treated with proline-specific endopepti-
dase, and 150 uL 0.1 mol/LL phosphate buffer, pH 7.0, was
added to those samples.

[0046] All samples were then tested in an agglutination
inhibition immunoassay on an ADVIA® 1650 instrument by
adding the samples to a mixture of latex coated with mouse
monoclonal anti-HbAlc antibody (ADVIA® HbA 1¢ reagent
kit, R1 (Siemens Medical Solutions Diagnostics)) followed
by the addition of the f-chain amino-terminal glycated sex-
apeptide of human hemoglobin conjugated to polyasparta-
mide (agglutinator reagent, ADVIA® HbA ¢ reagent kit, R2
(Siemens Medical Solutions Diagnostics)). The [-chain
amino-terminal glycated pentapeptide of human hemoglobin
in the sample competes with the agglutinator reagent for
antibody binding sites and slows the rate of agglutination,
which occurs when the agglutinator reagent binds the latex-
coated antibody. The more f-chain amino-terminal glycated
pentapeptide of human hemoglobin in the sample, the slower
the rate of agglutination. The reaction was monitored at 694
nm and the difference in agglutination rates between the
treated samples and a saline blank was determined. The
results of the experiments are listed in Table 1 below and
indicate that after treatment with pepsin, addition of proline-
specific endopeptidase results in higher inhibition of agglu-
tination, demonstrating that the p-chain terminal glycated
pentapeptide of hemoglobin is released.

TABLE 1
20 min Pepsin + 30 min PSE
Sample 20 min Pepsin (30 U/mL)
DCAN -0.13856 -0.17681
DCAAB -0.19191 -0.21345
Example 2

Formulation of a Proline-Specific Edopeptidase-
Containing Agglutinator Reagent

[0047] Conditions for the stable formulation of a reagent
containing the agglutinator used in Example 1 (f-chain
amino-terminal glycated sexapeptide of human hemoglobin
conjugated to polyaspartamide) and proline-specific
endopeptidase at pH 7.0 were determined.

[0048] Solutions of the agglutinator (approximately 1.5
ug/mL) containing 0.02 mol/L, morpholino-propane-sulfonic
acid (MOPS), 0.05% NaNj, and 0.2% Tween-20, pH 7 were
prepared either without ethylenediamine tetraacetic acid
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(EDTA) and 0.4 U/mL proline-specific endopeptidase, with
1.1 mmol/LL EDTA, or with both 1.1 mmol/L. EDTA and 0.4
U/mL proline-specific endopeptidase. The ability of the
agglutinator in the various formulations to cause agglutina-
tion of latex coated with mouse monoclonal anti-HbA 1¢ anti-
body over a period of 14 days was then determined to assess
the stability of the agglutinator over time. Samples were
tested in an agglutination inhibition immunoassay on an
ADVIA® 1650 instrument by first adding the samples to the
agglutinator reagent described above (R1) and then adding
latex coated with mouse monoclonal anti-HbAlc antibody
(ADVIA® HbAlc reagent kit, (Siemens Medical Solutions
Diagnostics)) to the samples. The p-chain amino-terminal
glycated pentapeptide of human hemoglobin in the samples
compete with the agglutinator reagent for antibody binding
sites and slows the rate of agglutination, which occurs when
the agglutinator reagent binds the latex-coated antibody. The
more f-chain amino-terminal glycated pentapeptide of
human hemoglobin in the samples, the slower the rate of
agglutination. The reactions were monitored at 694 nm and
the rates of agglutination were determined. FIG. 1 illustrates
that the agglutinator was the most stable in the presence of
EDTA only and was the least stable in the presence of both
EDTA and proline-specific endopeptidase.

[0049] Additional solutions of the agglutinator (approxi-
mately 1.5 pg/ml) containing 0.4 U/ml proline-specific
endopeptidase, 0.02 mol/l. morpholino-propane-sulfonic
acid (MOPS), 0.05% NaN,, and 0.2% Tween-20, pH 7 were
prepared with both 1.1 mmol/L, EDTA and 1% BSA or with
only 1% BSA. The ability of the agglutinator in the various
formulations to cause agglutination of latex coated with
mouse monoclonal anti-HbA 1¢ antibody over time was again
determined. FIG. 2 illustrates that the agglutinator in the
presence of proline-specific endopeptidase was more stable
in solutions containing both bovine serum albumin (BSA)
and EDTA than it was in solutions containing BSA only. The
data provided in FIGS. 1 and 2 indicate that EDTA and BSA
act synergistically to stabilize proline-specific endopepti-
dase-containing agglutinator reagent solutions.

Example 3
Determination of Pepsin Digestion Conditions

[0050] 2 pL samples of lyophilized human whole blood
containing various concentrations of HbAlc (Whole Blood
HbAlc Calibrators, Aalto Scientific) were manually digested
with 148 plL of 250 U/mL pepsin (Sample Denaturant
Reagent (ADVIA® HbAlc reagent kit (Siemens Medical
Solutions Diagnostics)) for 10 minutes, were digested for
nine seconds with approximately 6000 U/mL pepsinin a 0.02
mmol/LL citrate, 0.2% Triton X100 pH 2.4 solution in an
automated fashion, or were digested for ten minutes with
approximately 6000 U/mL pepsin in a 0.02 mmol/L citrate,
0.2% Triton X100 pH 2.4 solution in an automated fashion.
The samples were then assessed in an agglutination inhibition
immunoassay on an ADVIA® 1650 instrument as described
in Example 2 where R1 was the agglutinator reagent contain-
ing 04 U/mL proline-specific endopeptidase. The lack of
change among the agglutination rates listed for the different
denaturing conditions for each respective sample in Table 2
below indicates that 9 seconds is sufficient for the pepsin
denaturant containing approximately 6000 U/mL to digest
hemoglobin.
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TABLE 2

Manual 10 min

Sample conc with sample Automated 9 sec  Automated 10 min
(umol/L) denaturant ~250 with ~6000 with ~6000
HbAlc U/mL pepsin U/mL pepsin U/mL pepsin
Agglutination rate
0.00 0.27170 0.27137 0.27137
2.37 0.11992 0.11749 0.11868
3.79 0.06581 0.06694 0.06621
4.75 0.04172 0.04162 0.04224
@ @ @ @

@ indicates text missing or illegible when filed

Example 4

Pepsin and Proline-Specific Endopeptidase Digestion
of Human Whole Blood Reduces Interference
Caused by Hemoglobin S and Hemoglobin C When
Calculating the Percentage of Glycated Hemoglobin:
Proline-Specific Endopeptidase Digestion in the
Presence of an Agglutinator Reagent

[0051] Human whole blood samples containing Hemoglo-
bin S (HbS) or Hemoglobin C (HbC) were tested in an agglu-
tination inhibition immunoassay on an ADVIA® 1650 instru-
ment as described in Example 2 to determine the
concentration of glycated hemoglobin in the samples. The
endopeptidase reagent contained approximately 6000 U/mL
pepsin in 0.02 mol/L citrate buffer, pH 2.4, 0.2% Triton X 100.
The agglutinator reagent contained a mixture of approxi-
mately 1.5 pg/mL agglutinator ([3-chain amino-terminal gly-
cated sexapeptide of human hemoglobin conjugated to pol-
yaspartamide) and increasing concentrations of proline-
specific endopeptidase (0 U/mL, 0.1 U/mL, 0.2 U/mL, 0.33
U/mlL, 0.43 U/ml and 0.54 U/mL) in a solution of 0.02 mol/L
MOPS pH 7.0, 0.05% NaNj, 0.2% Tween-20, 3 mmol/L
EDTA, and 1.5% BSA.

[0052] Thetotal hemoglobin concentration, whichincludes
both glycated and non-glycated hemoglobin, in the samples
was determined using the ADVIA® Total Hemoglobin
Reagent (ADVIA® HbAlc reagent kit (Siemens Medical
Solutions Diagnostics)) in an assay based on the conversion
of all hemoglobin derivatives into alkaline hematin upon
treatment with an alkaline solution of a nonionic detergent.
Samples were added to the Total Hemoglobin Reagent and
hemoglobin species were converted into alkaline hematin,
which has a defined absorption spectrum at 596 nm. The
hematin content was measured by determining absorption at
596 nm.

[0053] The percentage of glycated hemoglobin present in
each sample was determined by dividing the concentration of
glycated hemoglobin calculated for each sample by the con-
centration of total hemoglobin determined for the sample.
[0054] For comparative purposes, the percentage of gly-
cated hemoglobin present in human whole blood samples
containing hemoglobin S and hemoglobin C was also deter-
mined using the DCA® 2000 HbAlc assay (DCA® 2000
Analyzer and reagent kit (Siemens Medical Solutions Diag-
nostics)). The DCA® 2000 assay is known to have no inter-
ference from the presence of hemoglobin C and hemoglobin
S variants. The percentage of glycated hemoglobin present in
the samples was also determined using a standard HbAlc
assay performed using the ADVIA® 1650 HbAlc method
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6
(Siemens Medical Solutions Diagnostics). The parameters
listed in the Table 3 below were used on an ADVIA® 1650 TABLE 3-continued
instrument to evaluate the effect of proline-specific endopep- -
tidase on hemoglobin variant interference. R1 was a mixture Velume (i)
of the agglutinator (-chain amino-terminal glycated sex- 1 0
apeptide of human hemoglobin conjugated to polyasparta- Wavelength 694 nm
mide) and 0.0-0.54 U/mL proline-specific endopeptidase in a gilrvc';%iﬂmd Lo?:iz]g)it 3
solution of 0.02 mol/T. MOPS pH 7.0, 0.05% NaNj;, 0.2%
Tween-20, 3.0 mmol/L EDTA, and 1.5% BSA. R2 was latex ) )
coated with mouse monoclonal anti-HbAlc antibody (AD- Ihe r’?$UItS of the experiments are presented in Table 4 below.
VIA® HbA 1¢ reagent kit, (Siemens Medical Solutions Diag- NV in the table m‘fhcatei that a value was not obtained at
nostics)). that data point, and “>>>>" indicates that the value was too
high for the instrument to measure. A “C” following the
numerical designations in column 1 of the table indicates that
TABLE3 the sample contains hemoglobin C, and an “S” following the
Volume (L) numerical designations in column 1 indicates that the sample
contains hemoglobin S. The results obtained with the HbAlc
Rl 76 assay performed using the ADVIA® 1650 HbAlc method are
I;“;H . 7§ N greatly affected by the presence of hemoglobin S and hemo-
Pretfe;tmem . globin C in the samples as compared to the results obtained
—_— with the DCA® 2000 HbAlc assay. Comparison of the
Dilution Special results of experiments performed using differing proline-spe-
Pepsin Reagent 148 cific endopeptidase concentrations with the results of experi-
]S)ﬁngfsmon . T2T ments performed using the DCA® 2000 HbAlc assay and
Assay type SPA using }he ADVIA® 1650 instrument 111ustrate§ that interfer-
m 56 ence in measurement of glycated hemoglobin caused by
n 72 hemoglobin S and hemoglobin C is eliminated at a proline-
specific endopeptidase concentration of 0.54 U/mL.
TABLE 4
0.0 0.1 02 033 043 034
UmL UmL UmL UmL UmlL UmL
Sample DCA PSE  PSE  PSE  PSE  PSE  PSE ADVIA 1650
6C 87 1197 1056 1009 944 897 872 11.88
14C 68 826 774 709 693 695 656 8.07
18C 74 863 844 850 840 786 794 797
42 62 761 702 665 647 637 610 7.67
46C 6 690 655 639 612 610 583 6.90
47C 65 803 710 692 659 670 633 779
64C 93 1267 1144 1084 1029 985  9.53 15.07
97C 55 837 791 746 717 683 662 8.44
126C 8.6 1247 1158 1092 1020 942 942 13.08
1878 68 742 702 673 662 671 674 792
1888 61 741 682 646 643 617 612 741
191C 6 776 734 680 672 639 612 783
1928 65 769 717 681 658 629 6.08 775
2138 64 744 693 652 626 609 596 7.62
2148 56 708 643 616 587 568 564 707
2158 61 787 734 NV 6.63 655 629 790
2218 68 811 778 163 709 720 695 839
222C 72 1069 988 905 846 793 788 10.69
236C 59 802 747 123 670 650 636 8.09
2398 56 680 659 607 618 574 570 6.85
2448 56 648 619 592 570 568 555 6.73
245C 66 846 777 18 744 7128 716 8.51
2468 82 1122 976 948 900 842 823 1075
2488 13 1961 1729 1600 14.63 1298 1311 555
251C 59 722 691 662 646 631 607 737
2528 62 741 691 656 646 626 626 747
253C 63 872 843 159 724 707 679 8.76
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[0055] The percentage of glycated hemoglobin present in
the samples, as calculated from experiments performed with
an ADVIA® 1650 instrument using the differing proline-
specific endopeptidase concentrations (Table 4, columns 3 to
8) and performed using the ADVIA® 1650 HbAlc method
(Table 4, column 9), were plotted against the glycated hemo-
globin percentages calculated using the DCA® 2000 HbAlc
assay (Table 4, column 2) to obtain correlation slopes for the
glycated hemoglobin percentages calculated at each proline-
specific endopeptidase concentration and for the percentages
calculated using the ADVIA® 1650 HbAlc method. The
results are shown in FIGS. 3 to 9, which indicate that as the
proline-specific endopeptidase concentration increased,
interference in calculating the percentage of glycated hemo-
globin present in the samples caused by hemoglobin S and
hemoglobin C decreased until it was eliminated.

[0056] The values of the correlation slopes determined as
described in the preceding paragraph and illustrated in FIGS.
3 to 9 were plotted against the proline-specific endopeptidase
concentration (FIG. 10), demonstrating that digestion of
human whole blood samples containing hemoglobin S and
hemoglobin C with pepsin followed by digestion with at least
0.43 U/mL proline-specific endopeptidase in the presence of
an agglutinator reagent eliminates interference caused by
hemoglobin S and hemoglobin C when calculating the per-
centage of glycated hemoglobin present in the samples.

Exaniple 5

Pepsin and Proline-Specific Endopeptidase Digestion
of Human Whole Blood Reduces Interference
Caused by Hemoglobin S and Hemoglobin C When
Calculating the Percentage of Glycated Hemoglobin:
Pepsin Digestion in the Presence of an Agglutinator
Reagent

[0057] Human whole blood samples containing hemoglo-
bin S and hemoglobin C were diluted with saline solution on
an ADVIA 1650 instrument using the parameters listed in
table 5.

TABLE 5

Volume (uL)
Ri 76
R2 76
Sample 3.2
Pretreatment
Dilution Special
Saline 148
Sample 2
Dil. Position CIT
Assay type 2PA
m 36
n 72
1 0
Wavelength 694 nm
Cale. method MSTD
Curve fit Log-Logit 3

The saline-diluted samples were then mixed with an aggluti-
nator reagent containing approximately 1.5 pg agglutinator
(P-chain amino-terminal glycated sexapeptide of human
hemoglobin conjugated to polyaspartamide) and 6 U/mL
pepsin in 0.02 mol/L citrate buffer, pH 2.4, and the mixture
was incubated for five minutes. Solutions of latex coated with
mouse monoclonal anti-HbAlc antibody (ADVIA® HbAlc
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reagent kit, (Siemens Medical Solutions Diagnostics)) con-
taining increasing concentrations of proline-specific
endopeptidase (0.0, 1.0, 2.0, 3.0, 4.0, or 5.0 U/mL) (pH 7)
were then added to the agglutinator reagent/pepsin solution
and the mixture was incubated for five minutes. Agglutination
rates at 694 nm were determined using an ADVIA® 1650
instrument, and the agglutination rates were used to calculate
the concentration of glycated hemoglobin S or hemoglobin C
in the samples.

[0058] For comparative purposes, the percentage of gly-
cated hemoglobin present in the samples was also determined
using the DCA® 2000 HbAlc assay (DCA 2000® Analyzer
and reagent kit (Siemens Medical Solutions Diagnostics)).
[0059] The total hemoglobin concentration in the samples
was determined according to the procedures described in
Example 4, and the percentage of glycated hemoglobin
present in each sample was also determined as described in
Example 4. The results of the experiments are presented in
Table 6 below and indicate that digestion of human whole
blood samples with pepsin in the presence of an agglutinator
reagent followed by digestion with proline-specific endopep-
tidase significantly reduces interference caused by hemoglo-
bin S and hemoglobin C present in the samples when calcu-
lating the percentage of glycated hemoglobin present in the
samples.

TABLE 6
U/mL
PSE 0 1 2 3 4 5
Sam-  U/ml.  UmlL UmlL UmL UmL UmlL DCA
ple ID % Glycated Hb

1858 1036 10.95 9.71 8.89 8.65 8.55 10.1
180C 6.25 5.93 5.54 529 5.14 5.10 5.6
22C 1372 11.33 10.72 9.42 9.00 8.61 9.12
1728 1222 11.03 10.43 9.86 9.53 9.00 10.6

[0060] The entire disclosure of each patent, patent applica-
tion, and publication cited or described in this document is
hereby incorporated herein by reference.

We claim:

1. A method for detecting glycated human hemoglobin
comprising:

contacting a sample to be tested for glycated human hemo-

globin with an endopeptidase;

contacting the endopeptidase-treated sample with proline-

specific endopeptidase; and

detecting glycated f-chain amino-terminal pentapeptide of

human hemoglobin.

2. The method of claim 1 wherein the sample is human
whole blood.

3. The method of claim 1 comprising determining the per-
centage of glycated human hemoglobin in the sample.

4. The method of claim 1 wherein the endopeptidase is an
acid endopeptidase selected from the group consisting of
pepsin, aspergillopepsin 11, cathepsin D, saccharopepsin,
mucorpepsin, chymosin, gastricsin, and physirolisin.

5. The method of claim 4 wherein the acid endopeptidase is
pepsin.

6. The method of claim 5 comprising contacting the sample
withabout 5 U/mL to about 10,000 U/mL pepsinatapH inthe
range of about 1.0 to about 5.0.
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7. The method of claim 1 comprising contacting the
endopeptidase-treated sample with about 0.1 U/mL to about
30 U/mL proline specific endopeptidase at a pH in the range
of about 5.0 to about 9.0.

8. The method of claim 1 comprising detecting the glycated
[-chain amino-terminal pentapeptide of human hemoglobin
with a method that comprises the use of high performance
liquid chromatography or that comprises the binding of at
least one antibody to the glycated pentapeptide.

9. The method of claim 1 comprising detecting the glycated
[-chain amino-terminal pentapeptide of human hemoglobin
with an agglutination inhibition immunoassay [text miss-
ing or illegible when filed]

10. The method of claim 9 wherein the agglutinator reagent
used in the agglutination inhibition immunoassay is a gly-
cated val-his-leu-thr-tyr-cys sexapeptide conjugated to pol-
yaspartamide.

11. The method of claim 9 comprising contacting the
endopeptidase-treated sample with proline specific endopep-
tidase either simultaneously with, prior to, or following con-
tacting the sample with an agglutinator reagent.

12. The method of claim 11 comprising contacting the
endopeptidase-treated sample with a mixture of proline spe-
cific endopeptidase and the agglutinator reagent.

13. The method of claim 12 wherein the mixture of proline
specific endopeptidase and the agglutinator reagent com-
prises about 0.1 g/dL to about 5.0 g/dL bovine serum albumin
and about 0.5 mmol/L to about 10.0 mmol/L, ethylenediamine
tetraacetic acid and has a pH in the range of about 6.0 to about
8.0.

14. The method of claim 11 further comprising contacting
the endopeptidase, proline specific endopeptidase, and agglu-
tinator reagent-treated sample with an antibody that specifi-
cally binds to both glycated j-chain amino-terminal pen-
tapeptide of human hemoglobin and the agglutinator reagent.

15. The method of claim 14 wherein at least one antibody
molecule is bound to one or more latex particles.

16. A method for detecting glycated human hemoglobin
comprising:
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contacting a sample to be tested for glycated human hemo-
globin with an endopeptidase either simultaneously
with, priorto, or following contacting the sample with an
agglutinator reagent;
contacting the endopeptidase and agglutinator reagent-
treated sample with proline-specific endopeptidase; and

detecting glycated f-chain amino-terminal pentapeptide of
human hemoglobin with an agglutination inhibition
immunoassay.

17. The method of claim 16 wherein the endopeptidase is
an acid endopeptidase selected from the group consisting of
pepsin, aspergillopepsin 11, cathepsin D, saccharopepsin,
mucorpepsin, chymosin, gastricsin, or physirolisin.

18. The method of claim 17 wherein the acid endopepti-
dase is pepsin.

19. The method of claim 18 comprising contacting the
sample with a mixture of pepsin and the agglutinator reagent.

20. The method of claim 19 wherein the mixture of pepsin
and the agglutinator reagent comprises about 3 U/mL to about
100 U/mL pepsin and has a pH in the range of about 1.0 to
about 4.0.

21. The method of claim 16 further comprising contacting
the endopeptidase and agglutinator reagent-treated sample
with proline specific endopeptidase either simultaneously
with or before contacting the sample with an antibody that
specifically binds to both glycated p-chain amino-terminal
pentapeptide of human hemoglobin and the agglutinator
reagent.

22. The method of claim 21 comprising contacting the
endopeptidase and agglutinator reagent-treated sample with a
mixture of proline specific endopeptidase and the antibody.

23. The method of claim 22 wherein the mixture comprises
about 2.0 U/mL to about 30.0 U/mL proline specific endopep-
tidase and has a pH in the range of about 7.0 to about 8.0.

24. The method of claim 21 wherein at least one antibody
molecule is bound to one or more latex particles.

* ok ok k¥
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