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(57) ABSTRACT

An improved extractive reagent composition and method for
extracting an immunosuppressant drug, such as sirolimus,
tacrolimus or cyclosporine, from blood samples while yield-
ing a test sample extract that has low vapor pressure and is
compatible with immunoassay components. The inventive
reagent composition comprises dimethyl sulfoxide
(DMSO), at least one divalent metal salt and water. The
sample extracts resulting from use of each of these combi-
nations have low vapor pressure and are compatible with
immunochemistry assays.
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IMMUNOSUPPRESSANT DRUG
EXTRACTION REAGENT FOR
IMMUNOASSAYS

FIELD OF THE INVENTION

[0001] This invention relates to diagnostic immunoassays
to determine the concentration levels of an immunosuppres-
sant drug in a patient blood sample, and in particular relates
to use of an improved immunosuppressant drug extraction
reagent composition.

BACKGROUND OF THE INVENTION

[0002] Immunosuppressant drugs such as sirolimus (also
known as rapamycin), tacrolimus, everolimus, temsorolimus
and cyclosporine are effective for the treatment of organ or
tissue rejection following transplant surgery, of graft versus
host disease and of autoimmune diseases in humans. During
immunosuppressant drug therapy, monitoring the blood con-
centration levels of the immunosuppressant is an important
aspect of clinical care because insufficient drug levels lead
to graft (organ or tissue) rejection and excessive levels lead
to undesired side effects and toxicities. Blood levels of
immunosuppressant are therefore measured so drug dosages
can be adjusted to maintain the drug level at the appropriate
concentration. Diagnostic assays for determination of immu-
nosuppressant blood levels have thus found wide clinical
use.

[0003] Initially, the immunosuppressant must be extracted
and separated from the other components of the patient
sample. The bulk of the immunosuppressant drug in the
patient sample is present in a complex with various “carrier”
molecules, such as binding proteins. Sirolimus, tacrolimus
and cyclosporine are found predominately in the red blood
cells of patient specimens and are associated with specific
binding proteins, FKBP for sirolimus and tacrolimus, and
cyclophilin for cyclosporine. An accurate measurement of
the total drug concentration in the specimen requires that the
drug bound to the binding proteins be liberated prior to
quantitation. Following its extraction from the binding pro-
teins, the drug can be measured in a number of different
ways, including by immunoassay or chromatography with
absorbance or mass spectrophotometric detection.

[0004] Extraction of sirolimus from its binding proteins in
blood is often accomplished by treatment with organic
solvents, such as, acetonitrile, methanol, or diethyl ether.
These solvents denature the binding proteins and liberate the
drug. The use of organic solvents can be problematic,
however, when an immunoassay is subsequently used to
detect the liberated drug because most organic solvents that
will quickly and completely denature the binding proteins
are not compatible with immunoassays. They are either too
harsh or they create a biphasic sample. Methanol has typi-
cally been employed to extract sirolimus, tacrolimus or
cyclosporine from blood specimens before immunoassay.
However, a careful balance must be achieved such that the
methanol concentration is sufficient to liberate the drug from
the binding protein, but not so great as to interfere with the
subsequent immunoassay. The use of methanol and other
typically used organic solvents create an additional problem
because these solvents have higher vapor pressure than
water. As a result, the extraction supernatant containing the
immunosuppressant drug evaporates quickly which causes
inaccuracy in the measurement of the drug concentration.
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The widely used methanol or acetonitrile solvents also
create handling and disposal issues for the laboratories.
[0005] Immunoassays for immunosuppressant drugs are
available in a variety of formats, but all use the binding of
an antibody or binding protein (e.g. FKBP) to the immuno-
suppressant drug. A commonly used prior art immunoassay
is an assay which involves the binding of a first antibody to
the immunosuppressant and the binding of labeled immu-
nosuppressant (e.g. acridinium-sirolimus) to the remaining
free antibody binding sites, followed by quantitation by
detection of the label. The effectiveness of these immunoas-
says is affected by the particular extraction and denaturating
solvent for the immunosuppressant that is used.

[0006] It is an object of the invention to provide for use
with immunoassays an improved immunosuppressant drug
extraction reagent composition that has a low vapor pres-
sure, miscibility with water, sufficient immunosupressant
denaturing power and compatibility with immunoassay
reagents. Such an extraction reagent composition would be
advantageous as well for non-immunoassay methods (e.g.
chromatographic determinations) because the lower vapor
pressure, sufficient denaturing power and water miscibility
would make these methods easier to use.

SUMMARY OF THE INVENTION

[0007] The invention provides an improved extractive
reagent composition and method for extracting an immuno-
suppressant drug, such as sirolimus, tacrolimus, everolimus,
temsolorimus, zotarolimus, cyclosporine or analogs thereof;,
from blood samples while yielding a test sample extract that
has low vapor pressure and is compatible with immunoassay
components. The inventive reagent composition comprises
dimethy! sulfoxide (DMSO), at least one divalent metal salt
and water. The preferred reagent composition of the inven-
tion comprises DMSO and at least one of zinc sulfate, zinc
acetate, zinc nitrate, zinc chloride, cadmium sulfate, copper
sulfate and mixtures of two or more of these metal salts. A
more preferred reagent composition comprises DMSO, the
metal salt and at least one glycol having from two to six
carbon atoms, which is preferably at least one of ethylene
glycol (EG), propylene glycol (PG) or mixtures of EG and
PG. Although DMSO, EG and PG are low vapor pressure
solvents that are miscible in water and are in routine
laboratory use, they have not been employed as protein
denaturants but rather have often been added to protein and
cell mixtures as stabilizing agents. In contrast, we have
found that in the presence of divalent metal cations, DMSO
at higher concentrations can serve as an effective protein
denaturant to liberate immunosuppressant drugs. In addi-
tion, in the presence of divalent cations, lower concentra-
tions of DMSO when mixed with EG or PG can also serve
as an effective protein denaturant even though the concen-
trations of the solvents when used independently are not
denaturing. The test sample extracts resulting from use of
each of these combinations have low vapor pressure and are
compatible with immunochemistry assays.

[0008] The invention also comprises a method for detect-
ing concentration level of an immunosuppressant drug in a
test sample comprising the steps of: (a) combining an
extractive reagent composition comprising DMSO, a diva-
lent metal salt and water with the test sample to form a test
sample extract; (b) combining the test sample extract with at
least one antibody or protein that is immunologically reac-
tive with an immunosuppressant drug to form an assay
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mixture; (c) incubating the assay mixture under conditions
suitable for formation of complexes between the antibody
and the immunosuppressant drug, if any, which is present in
the sample; and (d) detecting the presence of any complexes
formed. Detection of the presence of complexes in step (d)
can be carried out using an immunosuppressant to which a
signal-generating compound has been attached to bind to the
remaining free antibody binding sites on the analyte. A
further embodiment provides that detection of the presence
of complexes in step (d) is carried out using a detectable
antibody that binds to the complexes formed in step (c).
[0009] The invention also comprises a reagent kit for an
assay for blood levels of an immunosuppressant drug com-
prising a container containing the extractive reagent com-
position comprising DMSQO, at least one divalent metal salt
and water, and more preferably also comprising ethylene
glycol, propylene glycol, or any suitable glycol analog or
mixtures thereof. Preferably, the reagent kit further com-
prises a second container with at least one antibody or
protein specific for the immunosuppressant drug. More
preferably, the reagent kit contains a third container con-
taining a control composition comprising an immunosup-
pressant drug, for example, an immunosuppressant selected
from the group consisting of sirolimus, tacrolimus, everoli-
mus, zotarolimus, cyclosporine and analogs thereof.
[0010] The invention has significant capability to provide
higher sensitivity immunoassays for determining blood con-
centration levels of sirolimus, tacrolimus, everolimus, tem-
sorolimsu, zotarolimus and cyclosporine. The inventive
extractive reagent concentration allows more accurate mea-
surement of the drug levels, while providing better ease of
use for the clinical laboratory.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] FIG. 1 shows experimental results on extraction of
sirolimus from blood samples using DMSO and zinc sulfate.
[0012] FIG. 2 shows experimental results on extraction of
sirolimus from blood samples using DMSO and varying
amounts of zinc sulfate.

[0013] FIG. 3 shows experimental results on extraction of
sirolimus from blood samples using DMSO, EG and zinc
sulfate.

[0014] FIG. 4 shows experimental results on heating the
extraction mixture from blood samples and the extractive
reagent composition of the invention.

[0015] FIG. § shows a comparison of sample extract
evaporation rates resulting from use of a prior art methanol
denaturant and from use of the invention.

DETAILED DESCRIPTION OF THE
INVENTION

1. General

[0016] The invention comprises extractive reagent com-
positions useful for the extraction and denaturation of immu-
nosuppressant drugs such as sirolimus from a blood sample;
methods for the quantification of immunosuppressant drug
levels using the extractive reagent compositions of the
invention; and diagnostic kits comprising the extractive
reagent compositions of the invention. Preferred methods of
the invention comprise immunoassays that use immunore-
active specific binding members, such as monoclonal or
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polyclonal antibodies, or binding proteins (e.g. FKBP) for
the formation of complexes with the immunosuppressant
drug analyte.

[0017] An “immunosuppressant drug” or “immunosup-
pressant”, as used herein, refers to a therapeutic compound,
either small molecule or antibody based, that has the same
or similar chemical structure to either rapamycin (siroli-
mus), or cyclosporine, also known as cyclosporin A. Any
known or hereafter developed analog of either rapamycin or
cyclosporine is considered an immunosuppressant herein.
Preferred immunosuppressants include sirolimus, tacroli-
mus, everolimus, temsorolimus, zotarolimus and cyclospo-
rine. Tacrolimus and cyclosporine are calcineurin inhibitors
that suppress early activation of the immune system’s T
lymphocytes through inhibition of cytokines such as inter-
leukin 2. In contrast, the primary target of sirolimus, everoli-
mus and zotarolimus is mammalian target of rapamycin
(mTOR), a specific cell-cycle regulatory protein. The inhi-
bition of mTOR leads to suppression of cytokine-driven
T-lymphocyte proliferation.

[0018] The chemical formula of cyclosporine is in For-
mula A. The chemical formula of sirolimus is in Formula B.
The chemical formula of the structural difference of everoli-
mus (RAD) from sirolimus is in Formula C.
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-continued
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[0019] Numerous derivatives or analogs of cyclosporine
have been prepared. The invention comprises extractive
reagents, extractive methods, assays and assay Kkits for
cyclosporine or any of its analogs.

[0020] Numerous derivatives or analogs of rapamycin
have been prepared. For example, these include the prepa-
ration of ester mono- and di-ester derivatives of rapamycin
(WO 92/05179), 27-oximes of rapamycin (EPO 467606);
42-oxo0 analog of rapamycin (U.S. Pat. No. 5,023,262);
bicyclic rapamycins (U.S. Pat. No. 5,120,725); rapamycin
dimers (U.S. Pat. No. 5,120,727); silyl ethers of rapamycin
(U.S. Pat. No. 5,120,842); and arylsulfonates and sulfamates
(U.S. Pat. No. 5,177,203). Rapamycin was recently synthe-
sized in its naturally occurring enantiomeric form (K. C.
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Nicolaou et al., J. Am. Chem. Soc., 1993, 115, 4419-4420; S.
L. Schreiber, J. A4m. Chem. Soc., 1993, 115, 7906-7907; S.
J. Danishefsky, J. Am. Chem. Soc., 1993, 115, 9345-9346.
The invention comprises extractive reagents, extractive
methods, assays and assay kits for rapamycin or any of its
analogs.

[0021] Another immunosuppressant analog of rapamycin
is FK-506, also known as tacrolimus, which was isolated
from a strain of S. tsukubaensis. FK-506’s chemical formula
is published in European Patent EP 0 293 892 B1. Analogs
of FK-506 include the related natural products FR-900520
and FR-900523, which differ from FK-506 in their alkyl
substituent at C-21, and were isolated from S. hygroscopicus
yakushimnaensis. Another analog, FR-900525, produced by
S. tsukubaensis, differs from FK-506 in the replacement of
a pipecolic acid moiety with a proline group. The invention
comprises extractive reagents, extractive methods, assays
and assay kits for FK-506 or any of its analogs. Temsoroli-
mus is another ester derivative of sirolimus which can be
monitored with the invention.

[0022] ABT-578 [40-epi-(1-tetrazolyl)-rapamycin],
known better today as zotarolimus, is a semi-synthetic
macrolide triene antibiotic derived from rapamycin.
Zotarolimus structure is shown in Formula D.
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Formula D. The isomers of zotarolimus
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[0023] The invention comprises extractive reagents,
extractive methods, assays and assay kits for zotarolimus or
any of its analogs.

[0024] The term “test sample” refers to a component,
tissue or fluid of a mammal’s body that is the source of the
immunosuppressant drug analyte. These components, tis-
sues and fluids include human and animal body fluids such
as whole blood, serum, plasma, cerebrospinal fluid, urine,
lymph fluids, and various external secretions of the respi-
ratory, intestinal and genitorurinary tracts, tears, saliva,
milk, white blood cells, myelomas and the like; biological
fluids such as cell culture supernatants; fixed tissue speci-
mens; and fixed cell specimens. Preferably, the test sample
is a human peripheral blood sample.

II. Extractive Reagent Compositions

[0025] The improved extractive reagent compositions of
the invention comprise dimethyl sulfoxide (DMSO), at least
one divalent metal salt and water. The preferred reagent
composition of the invention comprises DMSO and at least
one of zinc sulfate, zinc acetate, zinc nitrate, zinc chloride,
cadmium sulfate and copper sulfate. A more preferred
reagent composition comprises DMSO, at least one of
ethylene glycol and propylene glycol, or any suitable glycol
analog and the metal salt. The preferred compositions of the
invention have vapor pressures less than water vapor pres-
sure, as measured at 20 degrees centigrade and one atmo-
sphere pressure, and are miscible with water.

[0026] Any suitable divalent metal salt that does not
precipitate from the reagent composition of the invention
can be used and salts of zinc are preferred. Exemplary
suitable divalent metals include zinc, copper and cadmium.
Applicants have not exhaustively tested all possible divalent
metal cations, but have determined that tin and manganese
sulfates were not suitable at the concentrations tested. The
anion of the metal salt can be any suitable anion, including
halides, nitrates, sulfates, sulfides, phosphates and acetates.
The preferred metal salt is zinc sulfate.

[0027] The DMSO concentration, when used without EG
or PG, in the extractive reagent composition is at least 50%,
and preferably at least 80%, up to about 95% by volume of
the extractive reagent composition. The metal salt concen-
tration is at least 5 mM and concentrations up to 400 mM can
be used. A preferred concentration range for the zinc salt is
30-75 mM. Use of high salt concentrations, for example
above about 75 mM, might require use of a chelating
compound, such as ethylene diamine tetraacetic acid, in a
subsequent assay step to remove the excess metal. The
extractive reagent compositions are made by any suitable
mixing method to sufficiently mix the DMSO with water and
dissolve the metal salt.

[0028] Applicants have found that when EG or PG is
included in the extractive reagent composition, then lower
concentrations of DMSO are more effective. In these pre-
ferred compositions, EG, PG or mixtures thereof are present
in a concentration of at least 18%, and preferably about 25%
to about 33% by volume of the extractive reagent compo-
sition, and DMSO is present in a concentration of at least
50% by volume of the extractive reagent composition.

II. Formation of the Test Sample Extract

[0029] The test sample extract is formed by any mixing
technique at any desirable temperature to contact any chosen
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amount of the blood sample with the extractive reagent
composition. Generally about 100 uL to about 600 ul of
blood sample is mixed with about 200 uL to about 1200 uL
of the extractive reagent composition for up to about five
minutes. Preferably, the extraction of the immunosuppres-
sant is accomplished by mixing 150 uL of blood sample with
300 ul of composition and vortexing vigorously for 5-10
seconds. Applicants prefer to perform the extraction by
heating the extraction mixture to a temperature above room
temperature in the range of about 30 degrees centigrade to
about 50 degrees centigrade for about five minutes to about
sixty minutes. After mixing, the resulting suspension is
centrifuged for a suitable time at a suitable revolution rate to
produce a supernatant phase and a precipitant phase. Pref-
erably, the mixture is centrifuged at 13,000 rpm for 5
minutes to pellet the precipitant. After the centrifugation, the
supernatant is separated using any suitable method. The
supernatant is then assayed for the immunosuppressant
using any suitable technique, including chromatography and
immunoassay.

I1I. Immunoassays

[0030] In another aspect, the present invention relates to
immunoassays that can be used for the qualitative identifi-
cation and/or the quantification of the immunosuppressant
drug in a test sample. The invention thus comprises a method
for detecting concentration level of an immunosuppressant
drug in a test sample comprising the steps of: (a) combining
an extractive reagent composition comprising DMSO, at
least one divalent metal salt with the test sample and water
to form a test sample extract; (b) combining at least one
antibody or protein capable of binding to an immunosup-
pressant drug with the test sample extract to form a test
mixture; (c¢) incubating the test mixture under conditions
suitable for formation of complexes between the antibody
and the immunosuppressant drug, if any, which is present in
the sample and is immunologically reactive with the anti-
body; and (d) detecting the presence of any complexes
formed. The immunoassays of the invention can be con-
ducted using any format known in the art, such as, but not
limited to, a sandwich format, a competitive inhibition
format (including both forward or reverse competitive inhi-
bition assays) or in a fluorescence polarization format. The
inventors have discovered that an excellent competitive
inhibition immunoassay can be performed after using the
extractive reagent compositions of the invention.

[0031] Inimmunoassays for the qualitative detection of an
immunosuppressant drug in a test sample, at least one
antibody or protein that binds to the immunosuppressant
drug is contacted with at least one test sample or test sample
extract suspected of containing or that is known to contain
the immunosuppressant drug to form an antibody-drug or
protein-drug immune complex. Any suitable antibodies or
binding proteins (e.g. FKBP) that bind to the particular
immunosuppressant can be used in the inventive immunoas-
says. Antibodies to each of sirolimus, tacrolimus, zotaroli-
mus, cyclosporine and everolimus are known in the art, and
any of these can be used. It is preferred to use the mono-
clonal antibody that is a component of Abbott Laboratories’
commercially available IMX Sirolimus assay for measuring
sirolimus.

[0032] The preferred antibody for detection of sirolimus
can be produced as follows. Female RBf/Dnj mice are
administered 3 monthly boosts of a sirolimus-27-CMO-
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tetanus toxoid immunogen followed by an immunization
with sirolimus-42-HS-tetanus toxoid preparation on the 4th
month. Seven months later, an intrasplenic pre-fusion boost
is administered to the animal using the sirolimus-27-CMO-
tetanus toxoid immunogen 3 days prior to the fusion. Splenic
B-cells are then isolated and used in a standard PEG fusion
with the SP2/0 myeloma. Confluent cultures are screened for
anti-sirolimus activity 10-14 days later in a microtiter EIA
and positive cultures are then cloned using limiting dilution
cloning technique. The resulting clones are isolated and
scaled up in IMDM w/FBS (Invitrogen) tissue culture
medium and the secreted antibody is affinity purified using
Protein A.

[0033] The preferred sirolimus antibody described above
is also effective for use in immunoassays for everolimus and
zotarolimus. A preferred antibody for use in immunoassays
for tacrolimus is described in M. Kobayashi et al., “A Highly
Sensitive Method to Assay FK-506 Levels in Plasma”, at pp
23-29 of “FK-506 A Potential Breakthrough in Immunosup-
pression”, A4 Transplantation Proceedings Reprint, Supple-
ment 6, Vol. XIX, October 1987, Editors T. Starzl, L.
Makowka and S. Todo, published by Grune & Stratton, Inc.,
Philadelphia, Pa. A preferred antibody for use in immunoas-
says for cyclosporin is the monoclonal antibody that is a
component of Abbott Laboratories’ commercially available
AxSym cyclosporine assay for measuring cyclosporine.

[0034] The antibody-drug immune complexes can then
detected using any suitable technique. For example, the
antibody can be labeled with a detectable label to detect the
presence of the antibody-drug complex. Any suitable label
can be used. The selection of a particular label is not critical,
but the chosen label must be capable of producing a detect-
able signal either by itself or in conjunction with one or more
additional substances.

[0035] Useful detectable labels, their attachment to anti-
bodies or to other binding proteins and detection techniques
therefore are known in the art. Any detectable label known
in the art can be used. For example, the detectable label can
be a radioactive label, such as, 3H, 12°1, 23S, 14C, 2P, *3P, an
enzymatic label, such as horseradish peroxidase, alkaline
peroxidase, glucose 6-phosphate dehydrogenase, etc., a
chemiluminescent label, such as, acridinium derivatives,
luminol, isoluminol, thioesters, sulfonamides, phenanthri-
dinium esters, etc. a fluorescence label, such as, fluorescein
(5-fluorescein, 6-carboxyfluorescein, 3'6-carboxyfluores-
cein, 5(6)-carboxyfluorescein, 6-hexachloro-fluorescein,
6-tetrachlorofluorescein, fluorescein isothiocyanate, etc.),
rhodamine, phycobiliproteins, R-phycoerythrin, quantum
dots (zinc sulfide-capped cadmium selenide), a thermomet-
ric label or an immuno-polymerase chain reaction label. An
introduction to labels, labeling procedures and detection of
labels is found in Polak and Van Noorden, Introduction to
Immunocytochemistry, 2" ed., Springer Verlag, N.Y. (1997)
and in Haugland, Handbook of Fluorescent Probes and
Research Chemi (1996), which is a combined handbook and
catalogue published by Molecular Probes, Inc., Eugene,
Oreg., each of which is incorporated herein by reference.
Preferred labels for use with the invention are chemilumins-
cent labels such as acridinium-9-carboxamide. Additional
detail can be found in Mattingly, P. G., and Adamczyk, M.
(2002) Chemiluminescent N-sulfonylacridinium-9-carboxa-
mides and their application in clinical assays, in Lumines-
cence Biotechnology: Instruments and Applications (Dyke,
K. V., Ed.) pp 77-105, CRC Press, Boca Raton.

Jan. 24, 2008

[0036] The detectable label can be bound to the analyte or
antibody either directly or through a coupling agent. An
example of a coupling agent that can be used is EDAC
(1-ethyl-3-(3-dimethylaminopropyl) carbodiimide, hydro-
chloride) that is commercially available from Sigma-Aldrich
(St. Louis, Mo.). Other coupling agents that can be used are
known in the art. Methods for binding a detectable label to
an antibody are known in the art. Additionally, many detect-
able labels can be purchased or synthesized that already
contain end groups that facilitate the coupling of the detect-
able label to the antibody, such as, N10-(3-sulfopropyl)-N-
(3-carboxypropyl)-acridinium-9-carboxamide,  otherwise
known as CPSP-Acridinium Ester or N10-(3-sulfopropyl)-
N-(3-sulfopropyl)-acridinium-9-carboxamide,  otherwise
known as SPSP-Acridinium Ester.

[0037] Alternatively, a second antibody that binds to
immunosuppressant and that contains a detectable label can
be added to the test sample or test sample extract and used
to detect the presence of the antibody-drug complex. Any
suitable detectable label can be used in this embodiment.

[0038] In immunoassays for the quantitative detection of
an immunosuppressant, such as a preferred sandwich type
format, at least two antibodies are employed to separate and
quantify the drug in the test sample or test sample extract.
More specifically, the at least two antibodies bind to differ-
ent parts of the drug forming an immune complex which is
referred to as a “sandwich”. Generally, one or more anti-
bodies can be used to capture the immunosuppressant in the
test sample (these antibodies are frequently referred to as a
“capture” antibody or “capture” antibodies) and one or more
antibodies is used to bind a detectable (namely, quantifiable)
label to the sandwich (these antibodies are frequently
referred to as the “detection” antibody or “detection” anti-
bodies). In a sandwich assay, it is preferred that both
antibodies binding to the drug are not diminished by the
binding of any other antibody in the assay to its respective
binding site. In other words, antibodies should be selected so
that the one or more first antibodies brought into contact
with a test sample or test sample extract suspected of
containing an immunosuppressant do not bind to all or part
of the binding site recognized by the second or subsequent
antibodies, thereby interfering with the ability of the one or
more second detection antibodies to bind to the drug. In a
sandwich assay, the antibodies, preferably, the at least one
capture antibody, are used in molar excess amounts of the
maximum amount of drug expected in the test sample or test
sample extract. For example, from about 5 pg/ml to about
1 mg/mL of antibody per mL of solid phase containing
solution can be used.

[0039] In one embodiment, the at least one first capture
antibody can be bound to a solid support which facilitates
the separation of the first antibody-drug complex from the
test sample. The solid support or “solid phase” used in the
inventive immunoassay is not critical and can be selected by
one skilled in the art. A solid phase or solid support, as used
herein, refers to any material that is insoluble, or can be
made insoluble by a subsequent reaction. Useful solid
phases or solid supports are known to those in the art and
include the walls of wells of a reaction tray, test tubes,
polystyrene beads, magnetic beads, nitrocellulose strips,
membranes, microparticles such as latex particles, sheep (or
other animal) red blood cells, and Duracytes® (a registered
trademark of Abbott Laboratories, Abbott Park, I11.), which
are red blood cells “fixed” by pyruvic aldehyde and form-
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aldehyde, and others. Suitable methods for immobilizing
peptides on solid phases include ionic, hydrophobic, cova-
lent interactions and the like. The solid phase can be chosen
for its intrinsic ability to attract and immobilize the capture
reagent. Alternatively, the solid phase can comprise an
additional receptor which has the ability to attract and
immobilize the capture reagent. The additional receptor can
include a charged substance that is oppositely charged with
respect to the capture reagent itself or to a charged substance
conjugated to the capture reagent. As yet another alternative,
the receptor molecule can be any specific binding member
which is immobilized upon (attached to) the solid phase and
which has the ability to immobilize the capture reagent
through a specific binding reaction. The receptor molecule
enables the indirect binding of the capture reagent to a solid
phase material before the performance of the assay or during
the performance of the assay.

[0040] Any solid support known in the art can be used,
including but not limited to, solid supports made out of
polymeric materials in the forms of wells, tubes or beads.
The antibody (or antibodies) can be bound to the solid
support by adsorption, by covalent bonding using a chemical
coupling agent or by other means known in the art, provided
that such binding does not interfere with the ability of the
antibody to bind the drug. Moreover, if necessary, the solid
support can be derivatized to allow reactivity with various
functional groups on the antibody. Such derivatization
requires the use of certain coupling agents such as, but not
limited to, maleic anhydride, N-hydroxysuccinimide and
1-ethyl-3-(3-dimethylaminopropyl)carbodiimide.

[0041] It is within the scope of the present invention that
the solid phase also can comprise any suitable porous
material with sufficient porosity to allow access by detection
antibodies and a suitable surface affinity to bind antigens.
Microporous structure generally are preferred, but materials
with gel structure in the hydrated state may be used as well.
Such useful solid supports include but are not limited to
nitrocellulose and nylon. It is contemplated that such porous
solid supports described herein preferably are in the form of
sheets of thickness from about 0.01 to 0.5 mm, preferably
about 0.1 mm. The pore size may vary within wide limits,
and preferably is from about 0.025 to 15 microns, especially
from about 0.15 to 15 microns. The surface of such supports
may be activated by chemical processes which cause cova-
lent linkage of the antigen or antibody to the support. The
irreversible binding of the antigen or antibody is obtained,
however, in general, by adsorption on the porous material by
poorly understood hydrophobic forces.

[0042] After the test sample extract suspected of contain-
ing or containing the immunosuppressant is brought into
contact with the at least one first capture antibody, the
resulting mixture is incubated to allow for the formation of
a first capture antibody (or multiple antibody)-drug com-
plex. The incubation can be carried out at any suitable pH,
including a pH of from about 4.5 to about 10.0, at any
suitable temperature, including from about 2° C. to about
45° C., and for a suitable time period from at least about one
(1) minute to about eighteen (18) hours, preferably from
about 4-20 minutes, most preferably from about 17-19
minutes.

[0043] After formation of the labeled complex, the amount
oflabel in the complex is quantified using techniques known
in the art. For example, if an enzymatic label is used, the
labeled complex is reacted with a substrate for the label that
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gives a quantifiable reaction such as the development of
color. If the label is a radioactive label, the label is quantified
using a scintillation counter. If the label is a fluorescent
label, the label is quantified by stimulating the label with a
light of one color (which is known as the “excitation
wavelength”) and detecting another color (which is known
as the “emission wavelength”) that is emitted by the label in
response to the stimulation. If the label is a chemilumines-
cent label, the label is quantified detecting the light emitted
either visually or by using luminometers, x-ray film, high
speed photographic film, a CCD camera, etc. Once the
amount of the label in the complex has been quantified, the
concentration of drug in the test sample is determined by use
of a standard curve that has been generated using serial
dilutions of immunosuppressant drug of known concentra-
tion. Other than using serial dilutions of the drug, the
standard curve can be generated gravimetrically, by mass
spectroscopy and by other techniques known in the art.
[0044] In a preferred forward competitive format, an ali-
quot of labeled drug or analogue thereof of a known con-
centration is used to compete with the drug present in a test
sample for binding to the antibody. In a forward competition
assay, an immobilized antibody can either be sequentially or
simultaneously contacted with the test sample and a labeled
drug or drug analogue thereof. The drug or drug analogue
can be labeled with any suitable detectable label, including
those detectable labels discussed above. In this assay, the
antibody of the present invention can be immobilized on to
a solid support using the techniques discussed previously
herein. Alternatively, the antibody can be coupled to an
antibody, such as an antispecies antibody, that has been
immobilized on to a solid support, such as a microparticle.
[0045] The labeled drug or drug analogue, the test sample
extract and the antibody are incubated under conditions
similar to those described above in connection with the
sandwich assay format. Two different types of antibody-drug
complexes are then generated. Specifically, one of the anti-
body-drug complexes generated contains a detectable label
while the other antibody-drug complex does not contain a
detectable label. The antibody-drug complex can be, but
does not have to be, separated from the remainder of the test
sample extract prior to quantification of the detectable label.
Regardless of whether the antibody-drug complex is sepa-
rated from the remainder of the test sample, the amount of
detectable label in the antibody-drug complex is then quan-
tified. The concentration of drug in the test sample can then
be determined by comparing the quantity of detectable label
in the antibody-drug complex to a standard curve. The
standard curve can be generated using serial dilutions of the
drug of known concentration, by mass spectroscopy, gravi-
metrically and by other techniques known in the art.
[0046] The antibody-drug complex can be separated from
the test sample by binding the antibody to a solid support,
such as the solid supports discussed above in connection
with the sandwich assay format, and then removing the
remainder of the test sample from contact with the solid
support.

[0047] In a reverse competition assay, an immobilized
immunosuppressant drug or analogue thereof can either be
sequentially or simultaneously contacted with a test sample
or test sample extract and at least one labeled antibody or
labeled protein. The antibody or protein can be labeled with
any suitable detectable label, including those detectable
labels discussed above. The drug or drug analogue can be
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bound to a solid support, such as the solid supports discussed
above in connection with the sandwich assay format.

[0048] The immobilized drug or drug analogue, test
sample or test sample extract, and at least one labeled
antibody or labeled protein are incubated under conditions
similar to those described above in connection with the
sandwich assay format. Two different types of antibody-drug
or protein-drug complexes are then generated. Specifically,
one of the antibody-drug (or protein-drug) complexes gen-
erated is immobilized and contains a detectable label while
the other antibody-drug (or protein-drug) complex is not
immobilized and contains a detectable label. The non-
immobilized antibody-drug complex and the remainder of
the test sample or test sample extract are removed from the
presence of the immobilized antibody-drug complex
through techniques known in the art, such as washing. Once
the non-immobilized antibody-drug complex is removed,
the amount of detectable label in the immobilized antibody-
drug complex is then quantified. The concentration of drug
in the test sample can then be determined by comparing the
quantity of detectable label in the antibody-drug complex to
a standard curve. The standard curve can be generated using
serial dilutions of the drug of known concentration, by mass
spectroscopy, gravimetrically and by other techniques
known in the art.

[0049] In a fluorescence polarization assay, in one
embodiment, an antibody or functionally active fragment
thereof is first contacted with an unlabeled test sample
containing the immunosuppressant drug to form an unla-
beled antibody-drug complex. The unlabeled antibody-drug
complex is then contacted with a fluorescently labeled drug
or analogue thereof. The labeled drug or drug analogue
competes with any unlabeled drug in the test sample for
binding to the antibody or functionally active fragment
thereof. The amount of labeled antibody-drug complex
formed is determined and the amount of drug in the test
sample determined via use of a standard curve.

[0050] In a further aspect of the present invention, there is
disclosed a method for detecting concentration level of an
immunosuppressant drug in a test sample comprising the
steps of: (a) combining an extractive reagent composition
comprising DMSO, at least one divalent metal salt and water
with the test sample to form a test sample extract; (b)
combining at least one antibody or protein capable of
binding to an immunosuppressant drug with the test sample
extract to form a mixture; (c) incubating the mixture under
conditions suitable for formation of complexes between the
antibody and the immunosuppressant drug, if any, which is
present in the sample and is immunologically reactive with
the antibody; and (d) detecting the presence of any antibody-
immunosuppressant drug complexes formed.

IV. OTHER IMMUNOSUPPRESSANT ASSAYS

[0051] Any other alternative measurement method for the
concentration of immunosuppressant can also be used with
the inventive extractive reagent compositions. For example,
the drug content can be determined by a mass spectrometry
based method, such as the rapid liquid chromatography-
tandem mass spectrometry technique described in N. Brown
et al., “Low Hematocrit and Serum Albumin Concentrations
Underlie the Overestimation of Tacrolimus Concentrations
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by Microparticle Enzyme Immunoassay versus Liquid
Chromatography-Tandem Mass Spectrometry”, Clinical
Chemistry. 2005;51:586-592.

V. INSTRUMENTATION

[0052] Any suitable instrumentation or automation can be
used in the performance of the contact of the extractive
reagent composition with the blood sample and in the
performance of the drug concentration level assay. It is
preferred to carry out the assay in an automated fashion,
such as on the Architect® (a registered trademark of Abbott
Laboratories, Abbott Park, IIl.) system, which uses chemi-
luminescense detection of sandwich hybridization and com-
petitive immunoassays. The assay can also be carried out in
a miniaturized format, such as in a Lab-on-a-Chip device
and system.

VI. IMMUNOASSAY KITS

[0053] In another aspect, the invention comprises immu-
noassay kits for the detection of an immunosuppressant drug
of the same or similar chemical structure to either sirolimus
or cyclosporine, preferably selected from the group consist-
ing of sirolimus, tacrolimus, everolimus, zotarolimus,
cyclosporine and analogs thereof, which kits comprise an
extractive reagent composition of the invention. These kits
may also include an antibody capture reagent or antibody
indicator reagent useful to carry out a sandwich immunoas-
say. Preferred kits of the invention comprise containers
containing, respectively, at least one antibody or protein
capable of binding specifically to at least one immunosup-
pressant drug selected from the group consisting of siroli-
mus, tacrolimus, everolimus, zotarolimus and cyclosporine;
an extractive reagent composition comprising 50% DMSO
by volume of the extractive reagent composition, 30% -33%
EG, PG or mixtures thereof by volume of the extractive
reagent composition, water and zinc sulfate at a concentra-
tion of at least 5 mM; and a control composition comprising
at least one immunosuppressant drug selected from the
group consisting of sirolimus, tacrolimus, everolimus,
zotarolimus, cyclosporine or analogs thereof.

[0054] Any suitable control composition for the particular
immunosuppressant drug assay can be included in the kits of
the invention. The control compositions generally comprise
the actual immunosuppressant to be assayed for along with
any desirable additives. For example, the control composi-
tion for tacrolimus can be the control compositions
described in U.S. Pat. No. 5,338,684, Grenier et al.

VII. EXAMPLES
Example 1

[0055] This example illustrates the use of DMSO in com-
bination with zinc sulfate to extract sirolimus from binding
proteins in blood samples. The extracted sirolimus is mea-
sured with an immunoassay.

[0056] The extractive reagent composition was prepared
at final concentrations of 86% DMSO, 14% water and 40
mM zinc sulfate. Extraction of the blood sirolimus samples
was accomplished by mixing 100 uL of blood sample with
200 uL of the reagent composition and vortexing vigorously
for 5-10 seconds. The resulting suspension was centrifuged
at 13,000 rpm for 5 minutes to pellet the precipitant and the
supernatant extract was assayed for sirolimus as follows.
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The assay was executed on an automated ARCHITECT
12000 analyzer (Abbott Laboratories, Abbott Park, Ill.) by:
[0057] 1. Mixing 10-40 uL of the sample extract with 50
ul of microparticles coated with goat anti-mouse antibody
(from Sigma, St. Louis, Mo.) and mouse anti-sirolimus
antibody (prepared as described below).

[0058] 2. Incubating the reaction mixture for approxi-
mately 18 minutes at 33-38 degrees C. The sirolimus in the
sample binds the anti-sirolimus antibody on the micropar-
ticles.

[0059] 3. Adding 20 uL of acridinium-sirolimus detector
molecule to the reaction mixture.

[0060] 4. Incubating the reaction mixture for approxi-
mately 4 minutes at 33-38 degrees C. The acridinium-
sirolimus molecule binds free anti-sirolimus binding sites.

[0061] 5. Washing the microparticles with a phosphate
buffer.
[0062] 6. Adding Pre-trigger (acid solution) and Trigger

(basic solution) to cause the captured acridinium-sirolimus
label to emit light, which is measured by the instrument.
[0063] The sirolimus binding antibody was produced as
follows: Female RB{/Dnj mice were administered 3 monthly
boosts of a sirolimus-27-CMO-tetanus toxoid immunogen
followed by an immunization with sirolimus-42-HS-tetanus
toxoid preparation on the 4th month. Seven months later, an
intrasplenic pre-fusion boost was administered to the animal
using the sirolimus-27-CMO-tetanus toxoid immunogen 3
days prior to the fusion. Splenic B-cells were isolated and
used in a standard PEG fusion with the SP2/0 myeloma.
Confluent cultures were screened for anti-sirolimus activity
10-14 days later in a microtiter EIA and positive cultures
were cloned using limiting dilution cloning technique. Iso-
lated clones were scaled up in IMDM w/FBS (Invitrogen)
tissue culture medium and secreted antibody was affinity
purified using Protein A.

[0064] The response curve data are shown in Table 1 and
FIG. 1 and demonstrate that sirolimus was liberated from
binding proteins with the DMSO/zinc sulfate composition.

TABLE 1
Sirolimus
(ng/mL) RLUs
0 573660
3 474794
6 387857
12 279516
20 191208
30 131426

[0065] Signal measurements in Table 1 are in RLUs (Rela-
tive Light Units). RLUs are the designation for the optical
unit of measurement utilized on the ARCHITECT systems.
The ARCHITCT optics system is essentially a photomulti-
plier tube (PMT) that performs photon counting on the light
emitted by the chemiluminescent reaction. The amount of
light generated by the chemiluminescent reaction is propor-
tional to the amount of acridinium tracer present in the
reaction mixture, and thereby allows quantitation of the
patient sample analyte that is also proportional to the amount
of acridinium remaining in the reaction mixture at the time
the chemiluminescent reaction occurs.

[0066] The term Relative Light Units comes from the
relation of the photon counting to a certain amount of
acridinium. Each optics module is calibrated with a set of
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acridinium standards. When the chemiluminescent reaction
occurs, light is emitted and the photons are measured over
a 3 second time period. The PMT converts the photons
counted to digital signal, which is then sent to a circuit board
for processing. The optics circuit board converts the digital
signal from the PMT to an analog signal that is proportional
to the photons counted, which is in turn proportional to the
amount of acridinium present. This analog signal is then
further processed to produce an RLU value. This relation-
ship was established to produce a standard for calibration of
the optics module, where the different acridinium standards
have RLU values assigned to them. So, while the RLU unit
itself is arbitrary, it is proportional (i.e., relative) to a certain
amount of acridinium.

Example 2

[0067] This example illustrates the utility of varying zinc
concentrations in the composition.

[0068] The composition was prepared at varying final
concentrations of zinc sulfate (0, 10, 20, 40 and 80 mM) in
90% DMSO and 10% water. Extraction of the blood siroli-
mus samples was accomplished by mixing 400 uL of blood
sample with 800 ul. of composition and vortexing vigor-
ously for 5-10 seconds. The resulting suspension was cen-
trifuged at 13,000 rpm for 5 minutes to pellet the precipitant
and the supernatant was assayed for sirolimus. The sirolimus
assay was performed as in Example 1. The test data are
shown in Table 2 and FIG. 2 and illustrate that the liberation
of sirolimus from binding proteins is improved by the
addition of the zinc salt. Applicants have also tested and
determined that zinc chloride, zinc nitrate, and zinc acetate
are also efficacious.

TABLE 2
Sirolimus RLU
(ng/mL) NoZn 10mM Zn 20 mM Zn 40 mM Zn 80 mM Zn
0 477005 509875 503822 517429 532760
3 464256 461998 435120 403487 414074
30 367821 214924 161065 99300 100777
Example 3
[0069] This example illustrates the utility of different

divalent cations in the composition.

[0070] The extraction composition was prepared at differ-
ent final concentrations of metal salts (zinc sulfate, cadmium
sulfate, copper sulfate, tin sulfate and manganese sulfate)
and DMSO as shown in the table below (remaining volume
was water). Extraction of the blood sirolimus samples was
accomplished by mixing 200 uL of blood sample with 400
ulL of composition and vortexing vigorously for 5-10 sec-
onds. The resulting suspension was centrifuged at 13,000
rpm for 5 minutes to pellet the precipitant and the superna-
tant was assayed for sirolimus. The sirolimus assay was
performed as in Example 1. The example data are shown in
Table 3 and demonstrate that metal salts other than zinc can
also be utilized.
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TABLE 3
DMSO
90% 90% 50% 90% 90%
Metal Salt

Sirolimus 40 mM Zn 50 mM Cd 50 mM Cu 20 mM Sn 20 mM Mn

(ng/mL) RLUs RLUs RLUs RLUs RLUsI

0 550492 536394 523472 517375 524178

3 441164 413887 430245 475927 469885

30 107957 89515 126515 222690 220562
Example 4

[0071] This example illustrates the utility of varying ratios
of DMSO and EG in the extractive reagent composition.
[0072] The composition was prepared at different final
concentration ratios of DMSO and ethylene glycol (percent
DMSO and percent ethylene glycol were 80:18, 75:23,
70:28, 65:33 and 60:33, respectively). All compositions had
2% water and 40 mM zinc sulfate. Extraction of the blood
sirolimus samples was accomplished by mixing 150 uL, of
blood sample with 300 ul. of composition and vortexing
vigorously for 5-10 seconds. The resulting suspension was
centrifuged at 13,000 rpm for 5 minutes to pellet the
precipitant and the supernatant was assayed for sirolimus.
The sirolimus assay was performed as in Example 1. The
example data are shown in Table 4 and FIG. 3 and demon-
strate that sufficient denaturing power can be maintained
when the concentration of DMSO is decreased if the ethyl-
ene glycol concentration is increased.

TABLE 4
Sirolimus RLUs with varying DMSO:EG Ratios
(ng/mL) 80:18 75:23 70:28 65:33 60:38
0 457694 454223 428721 450344 446482
3 340579 346026 330247 364041 363857
30 70582 78831 72669 95479 94442
[0073] Concentrations of DMSO or ethylene glycol that

are not at all or only marginally efficacious when used alone
(e.g. 65% DMSO or 33% ethylene glycol) are highly effec-
tive in combination. Propylene glycol can be substituted for
ethylene glycol in the DMSO:ethylene glycol mixtures (data
not shown). The DMSO:ethylene glycol mixtures have the
additional advantage of increased solubility for zinc sulfate.

Example 5

[0074] This example illustrates the improvement in the
sirolimus extraction efficiency achieved by heating the
extraction mixture.

[0075] The DMSO-based composition was prepared at
final concentrations of 70% DMSO, 28% ethylene glycol,
2% water and 46 mM zinc sulfate. Extraction of the blood
sirolimus samples was accomplished by mixing 150 uL, of
blood sample with 300 uL. of composition, vortexing vig-
orously for 5-10 seconds and incubating at different tem-
peratures for 15 minutes. The resulting suspension was
centrifuged at 13,000 rpm for 5 minutes to pellet the
precipitant and the supernatant was assayed for sirolimus.
The sirolimus assay was performed as in Example 1.
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[0076] The example data are shown in Table 5 and FIG. 4
and demonstrate that more efficient liberation of sirolimus
occurs when the extraction mixture is heated (i.e. the dif-
ference between the 0 ng/mL calibrator and the 3 ng/mL
calibrator increases with increasing temperature).

TABLE 5

RLUs as a Function of Temperature

30C. 35C. 40 C. 45 C. 50 C.

0 ng/mL Sirolimus 397353 395993 396009 395694 395957
3 ng/mL Sirolimus 281375 273856 264768 256660 254426
Example 6

[0077] This example illustrates the minimal evaporation
of a DMSO-based extraction composition compared to a
typical methanol-based extraction composition.

[0078] The DMSO-based composition was prepared at
final concentrations of 70% DMSO, 28% ethylene glycol,
2% water and 46 mM zinc sulfate. The methanol-based
composition was prepared at final concentrations of 80%
methanol, 18% ethylene glycol, 2% water and 50 mM zinc
sulfate. Extraction of the blood sirolimus samples with
either composition was accomplished by mixing 125 uL of
blood sample with 250 ulL of composition and vortexing
vigorously for 5-10 seconds. The DMSO-based composition
extraction mixture was incubated at 42° C. for 10 minutes
and the methanol-based composition extraction mixture was
incubated at room temperature for 10 minutes. The extrac-
tion mixtures were centrifuged at 13,000 rpm for 5 minutes
to pellet the precipitant and the supernatants were decanted
in the sample cups used in the ARCHITECT 12000 analyzer.
A set of samples was tested for evaporation immediately
(time zero) and at 1, 2 and 3 hours after decanting into the
sample cup (samples allowed to sit at room temperature,
approximately 22° C.). The test data are shown in Table 6
and FIG. § and illustrate the rapid evaporation of methanol-
based compositions, which is manifested as higher sirolimus
concentrations. In less than 2 hours, the error in the sirolimus
concentration had exceeded 10% with the methanol-based
composition, but essentially no change in concentration had
occurred with the DMSO-composition. The error in the
sirolimus concentration would be greater if the humidity was
lower or if the incubation temperature was higher (some
immunochemistry assay analyzers incubate samples at tem-
peratures near 37° C.).

TABLE 6

Sirolimus (ng/mlL.)

Hours DMSO MeOH
0 11.47 11.14
1 11.37 12.47
2 11.18 12.88
3 11.50 13.83

[0079] The above-described exemplary embodiments are
intended to be illustrative in all respects, rather than restric-
tive, of the present invention. Thus, the present invention is
capable of implementation in many variations and modifi-
cations that can be derived from the description herein by a
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person skilled in the art. All such variations and modifica-
tions are considered to be within the scope and spirit of the
present invention as defined by the following claims.

What is claimed is:

1. A method for assessment of concentration of an immu-
nosuppressant drug in a human blood sample comprising
contacting a human blood sample with an extractive reagent
composition comprising dimethyl sulfoxide, at least one
divalent metal salt and water.

2. The method of claim 1 wherein the extractive reagent
composition further comprises ethylene glycol, propylene
glycol, glycol analogs or mixtures thereof.

3. The method of claim 1 further comprising separating
any solid phase resulting from contact of the human blood
sample with the extractive reagent composition from any
resulting supernatant phase and analyzing the supernatant
phase for an immunosuppressant drug.

4. The method of claim 1 wherein the immunosuppressant
drug is selected from the group consisting of sirolimus,
tacrolimus, everolimus, zotarolimus, cyclosporine or ana-
logs thereof.

5. The method of claim 1 wherein concentration of
dimethyl sulfoxide in the extractive reagent composition is
at least about 50% by volume of the denaturing reagent
composition.

6. The method of claim 2 wherein concentration of
dimethyl sulfoxide in the extractive reagent composition is
at least about 50% by volume of the denaturing reagent
composition.

7. The method of claim 1 wherein the divalent metal salt
comprises zinc sulfate, zinc acetate, zinc nitrate, zinc chlo-
ride, cadmium sulfate, copper sulfate or mixtures of two or
more of these metal salts.

8. The method of claim 1 wherein the extractive reagent
composition has a vapor pressure of less than water vapor
pressure at 20 degrees centigrade and normal atmospheric
pressure.

9. The method of claim 1 wherein the extractive reagent
composition is contacted with the blood sample at a tem-
perature of at least about 30 degrees centrigrade.

10. An extractive reagent composition for extraction of an
immunosuppressant drug from a blood sample comprising
dimethyl sulfoxide, at least one divalent metal salt and
water.

11. The extractive reagent composition of claim 1 further
comprising ethylene glycol, propylene glycol, glycol ana-
logs or mixtures thereof.

12. The extractive reagent composition of claim 1 wherein
concentration of dimethyl sulfoxide in the extractive reagent
composition is at least about 50% by volume of the extrac-
tive reagent composition.

13. The extractive reagent composition of claim 11
wherein concentration of dimethyl sulfoxide in the extrac-
tive reagent composition is at least about 50% by volume of
the extractive reagent composition.

14. The extractive reagent composition of claim 1 wherein
the extractive reagent composition comprises a divalent
metal salt selected from the group consisting of zinc sulfate,
zinc acetate, zinc nitrate, zinc chloride, cadmium sulfate,
copper sulfate or mixtures of two or more of these metal
salts.

15. The extractive reagent composition of claim 10
wherein the extractive reagent composition comprises a
divalent metal salt selected from the group consisting of zinc

11
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sulfate, zinc acetate, zinc nitrate, zinc chloride, cadmium
sulfate, copper sulfate or mixtures of two or more of these
metal salts.

16. The extractive reagent composition of claim 10
wherein the extractive reagent composition comprises zinc
sulfate.

17. The extractive reagent composition of claim 11
wherein the extractive reagent composition comprises zinc
sulfate.

18. A method for assessment of concentration of an
immunosuppressant drug in a human blood sample com-
prising contacting a human blood sample with a extractive
reagent composition comprising dimethyl sulfoxide, at least
one divalent metal salt and water to produce a solid phase
and a supernatant phase, separating the supernatant phase,
and analyzing the supernatant phase by immunoassay to
determine concentration of a immunosuppressant drug.

19. The method of claim 18 wherein the extractive reagent
composition further comprises ethylene glycol, propylene
glycol or mixtures thereof.

20. The method of claim 18 wherein the immunosuppres-
sant drug is selected from the group consisting of sirolimus,
tacrolimus, everolimus, zotarolimus, cyclosporine or ana-
logs thereof.

21. The method of claim 18 wherein concentration of
dimethy! sulfoxide in the extractive reagent composition is
at least 50% by volume of the denaturing reagent compo-
sition.

22. The method of claim 19 wherein concentration of
dimethy! sulfoxide in the extractive reagent composition is
at least about 50% by volume of the denaturing reagent
composition.

23. The method of claim 18 wherein the divalent metal
salt comprises zinc sulfate, zinc acetate, zinc nitrate, zinc
chloride, cadmium sulfate, copper sulfate or mixtures of two
or more of these metal salts.

24. The method of claim 18 wherein the extractive reagent
composition is contacted with the blood sample at a tem-
perature of at least 30 degrees centrigrade.

25. A test kit comprising separate containers each con-
taining a component selected from (a) at least one antibody
or protein capable of binding specifically to at least one
immunosuppressant drug selected from the group consisting
of sirolimus, tacrolimus, everolimus, zotarolimus and
cyclosporine; and (b) an extractive reagent composition
comprising dimethyl sulfoxide, at least one divalent metal
salt and water.

26. The test kit of claim 25 further comprising a container
containing a control composition comprising at least one
immunosuppressant drug selected from the group consisting
of sirolimus, tacrolimus, everolimus, zotarolimus and
cyclosporine.

27. The test kit of claim 25 wherein the divalent metal salt
comprises zinc sulfate, zinc acetate, zinc nitrate, zinc chlo-
ride, cadmium sulfate or copper sulfate.

28. The test kit of claim 25 wherein the extractive reagent
composition further comprises ethylene glycol, propylene
glycol, glycol analogs or mixtures thereof.

29. A test kit comprising separate containers each con-
taining a component selected from (a) at least one antibody
or protein capable of binding specifically to at least one
immunosuppressant drug selected from the group consisting
of sirolimus, tacrolimus, everolimus and cyclosporine; and
(b) an extractive reagent composition comprising about 50%
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12
dimethy! sulfoxide by volume of the extractive reagent group consisting of sirolimus, tacrolimus, everolimus,
composition, about 30% -33% ethylene glycol, propylene zotarolimus and cyclosporine.
glycol or mixtures thereof by volume of the extractive 30. The test kit of claim 29 wherein the test kit comprises
reagent composition, water and zinc sulfate at a concentra- sirolimus.

tion of at least 5 mM; and a control composition comprising
at least one immunosuppressant drug selected from the ok E k



THMBW(EF)

[ i (S RIR) A ()

RE(EFR)AGE)

HERB(E R AGE)

FRIRAA

RBA

IPCH %S
CPCH %5
H At 0 FF 328k
ShEREESE

BE(X)

—Fh o W IREUR T A AWM ILERE B PR RINHAYNAS E
8, EEARKREEENSE , ANFEERRESEASRENE >0
AP HBANNRHERERY ., 2EANRFEEYIE—_RETN

(DMSO) , EL—HM-_MNEEHRMK, FHAXEHEESFHNE =%

FAT S B E B9 Se R HD 25 D SR B 57

US20080020401A1

US11/490624

GRENIER FRG
WORKMAN RYANF
FEUE-HINA

ALl SALMAN

GRENIER FRANKG
WORKMAN RYAN’F
£ W #E-HINA
ALl SALMAN

GRENIER FRANKC
WORKMAN RYAN°F
FEUE-HINA
ALl SALMAN

GRENIER FRANK C
WORKMAN RYAN F
SYED HINA
ALl SALMAN

GRENIER, FRANK C.
WORKMAN, RYAN F.
SYED, HINA
ALI, SALMAN

GO1N33/53

GO1N33/9493 Y10T436/141111 Y10S436/815

US7883855

Espacenet USPTO

N RERYERRESEHBEERRICENERR,

patsnap



https://share-analytics.zhihuiya.com/view/ea853a02-a5a3-4a1a-85da-41df2b8ee3ee
https://worldwide.espacenet.com/patent/search/family/038971898/publication/US2008020401A1?q=US2008020401A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220080020401%22.PGNR.&OS=DN/20080020401&RS=DN/20080020401

