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(57) ABSTRACT

Methods for differentially identifying cells in an instrument
employ compositions containing a combination of selected
antibodies and fluorescent dyes having different cellular
distribution patterns and specificities, as well as antibodies
and fluorescent dyes characterized by overlapping emission
spectra which form non-compensatable spectral patterns.
When utilizing the compositions described herein consisting
of fluorescent dyes and fluorochrome labeled antibodies
with overlapping spectra that cannot be separated or distin-
guished based upon optical or electronic compensation
means, a new fluorescent footprint is established. This new
fluorescent footprint is a result of the overlapping spectra
and the combined cellular staining patterns of the dyes and
fluorochrome labeled antibodies chosen for the composition.
The new fluorescent footprint results in histogram patterns
that are useful for the identification of additional cell popu-
lations or subtypes in hematological disease.
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METHOD FOR A FULLY AUTOMATED
MONOCLONAL ANTIBODY-BASED EXTENDED
DIFFERENTIAL

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation-in-part of U.S.
patent application Ser. No. 11/130,492, filed May 17, 2005,
which claims the benefit of the priority of U.S. Provisional
Patent Application No. 60/573,167, filed May 21, 2004, now
abandoned.

BACKGROUND OF THE INVENTION

[0002] Whole blood and peripheral blood samples from
human subjects suffering from a variety of diseases can
contain both blood cells or non-blood cells (e.g., tumor cells,
bacteria, etc.) suspended in a liquid medium or plasma. The
blood cells include red blood cells (erythrocytes or RBCs),
white blood cells (leukocytes or WBCs), and platelets.
Depending on the level of maturity of the cells, red cells are
further classified into nucleated RBCs (NRBCs), reticulated
RBCs (reticulocytes), and mature RBCs. Mature white cells
fall into one of five different “normal” categories, namely,
monocytes, lymphocytes, eosinophils, neutrophils and baso-
phils. Each of the white cell subsets can be further classified
into subclasses based on their respective level of maturity,
activation, lineage, function, phenotype, or abnormality.
Typically, only mature cells are present in detectable
amounts in peripheral blood. The red cells in a normal
human outnumber the total number of white cells by about
1000: 1. Platelets, which play a role in hemostasis, are of
three general types, megakaryocytes, immature reticulated
platelets and mature platelets.

[0003] The differentiation and enumeration of these vari-
ous types of blood cells and platelets in a patient’s peripheral
blood, as well as the determination of certain parameters or
characteristics thereof, permit diagnosis of a variety of
hematological disorders or diseases. The absolute numbers,
concentrations and relative percentages of the different types
of blood cells are highly indicative of the presence or
absence and/or stage of certain disease states.

[0004] Current commercially available, high throughput
hematology flow analyzers provide a number of measured
and mathematically derived cellular indices on red blood
cells, platelets and white blood cells in peripheral blood
specimens. The detection and enumeration of primarily
mature cell types, as well as a determination of additional
cell parameters, can be accomplished by using a commer-
cially available hematology instrument. In automatically
acquiring data on each cell type, most hematology instru-
ments use at least two discrete cell-analyzing transducers.
One or more of these transducers operate to acquire data
useful in differentiating and enumerating the five different
types of WBCs mentioned above. Another transducer is
dedicated to counting and sizing of RBCs, WBCs and
platelets in a precise volume of sample. The respective
outputs of the multiple transducers are processed by a
central processing unit to provide an integrated cell analysis
report. The respective outputs of the several transducers are
correlated to provide the five-part WBC differential infor-
mation. Most current hematology systems identify normal
blood cell populations by examining a combination of light
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scatter measurements or light scatter and electrical measure-
ments collected in sequential analyses of the same reaction
mixture (i.e., an aliquot of the same sample) or from
analyses of different reaction mixtures of the same sample.
Conventional hematology instruments, while capable of
differentiating and enumerating the vast majority of cell
types and subsets normally present in a peripheral blood
sample, cannot readily differentiate multiple subsets of cells
in a single sample, particularly those cells that are atypical
or immature. The ability to provide relevant information
beyond the total white blood cell count is directly related to
the inclusion of multiple analytical parameters within hema-
tology systems. Various configurations or combinations of
electrical current impedance, conductivity, light scatter,
absorbance, axial light loss and fluorescence have been used
to determine the five-part differential, as well as to provide
flagging information for the presence of atypical cell types
by using different aliquots of the same sample.

[0005] An “extended differential” measurement includes
the normal 5-part differential as well as the detection and
enumeration of atypical cells (e.g., cells which are consid-
ered abnormal in relation to cells in healthy human blood)
and immature cells. Due to the current limitations of com-
mercially available hematology instruments, a skilled medi-
cal technologist must perform a microscopic examination
(Manual Differential) in order to obtain an extended differ-
ential analysis. A blood-smear of a sample of interest pro-
duced manually on a glass microscope slide is stained with
a dye to enable all cells, including the atypical or immature
cells, to be visually differentiated from each other under a
microscope.

[0006] Alternatively, some blood cell types of an extended
differential measurement can be detected using a conven-
tional flow cytometer. In such an instrument, a blood sample
is prepared, e.g., by either (1) mixing the sample with
fluorochrome-labeled monoclonal antibodies or the like
which serve to selectively “tag” certain cells of interest, or
(2) mixing the sample with a fluorescent stain adapted to
selectively mark cells of interest, and passed through an
optical flow cell. As each cell in the sample passes through
the flow cell, it is irradiated with a beam of photons adapted
to excite the fluorescent material associated with the cells of
interest. Fluorescent light, emitted by each of the labeled
cells, and light scattered by each cell are detected and used
to differentiate the cells of interest from other cells in the
sample.

[0007] Flow cytometers and hematology instruments have
previously been integrated into a single automated labora-
tory system in which blood samples are automatically
advanced along a track past these different instruments. As
sample-containing vials pass each instrument, a blood
sample is aspirated from each vial and analyzed by the
instrument. Instrument systems combining discrete hema-
tology and flow cytometry instruments are commercially
available. The requirement to correlate the respective out-
puts of multiple transducers in order to report certain char-
acteristics of a cell type or subset can, under certain circum-
stances, be problematic, in that it introduces uncertainty in
the analytical results (U.S. Pat. Nos. 5,631,165 and 5,565,
499; see, e.g., Thomas et al., J. Histochem. Cytochem.,
25(7): 827-835 (1977)).

[0008] Fluorescence based flow cytometry has been used
to determine leukocyte lineage and state of maturation.
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Traditional flow cytometric analysis of multiple qualita-
tively distinct antigenic determinants is usually performed
by employing a distinct fluorochrome for each antibody
utilized in the same analysis. Usually a series of analyses are
performed in order to derive clinically relevant information.
This requires a separate fluorescence detector, optics and
electronics for each fluorochrome used and often the incor-
poration of more than one laser. See, e.g., C. 1. Civen et al,
1987, Internat’l. J Cell Cloning, 5:267-288; U.S. Pat. No.
5,234,816; and U.S. Pat. No. 5,137,809.

[0009] Of the technologies discussed, fluorescence based
measurements have the potential to provide greater advances
in hematocellular analysis. Unlike the other aforementioned
technologies that take advantage of the differences in the
intrinsic physical properties of cells, fluorescence detection
can examine the extrinsic properties of cells through the use
of probes such as fluorescent dyes, histochemical stains, and
fluorescent conjugated hybridization probes or monoclonal
antibodies. Fluorescence measurements have proven benefi-
cial by providing a high degree of sensitivity and specificity
through the selection of appropriate reagents. Fluorescence
based flow cytometry systems have been utilized for a
number of years in research environments and more recently
in clinical laboratories for performing immunodeficiency
analyses, DNA cell cycle analyses, and leukemia/lymphoma
immunophenotyping. More recently, fluorescence measure-
ments have been introduced on routine hematology flow
systems initially for the purpose of enumerating reticulated
RBCs, followed by NRBC enumeration.

[0010] A fluorescence based immuno-platelet count has
also recently been announced. Of the three fluorescence
measurements that have been discussed, two (reticulocyte
enumeration and immuno-platelet count) are either second-
ary or reflex mode measurements. The only measurement
that occurs as part of the leukocyte differential cycle is
NRBC enumeration. This analysis is performed utilizing a
nucleic acid intercalating dye (propidium iodide) and light
scatter to differentiate between intact WBCs, damaged
WBCs and NRBCs.

[0011] Despite the application of these technologies, the
currently available analytic systems suffer from common
shortcomings, including difficulty in the performance of an
accurate S-part white blood cell differential in the presence
of various atypical leukocyte populations or other abnormal
conditions (cellular/non cellular) that interfere with perfor-
mance of the 5-part differential. In addition, the conditions
that permit the detection of, or flagging for, the presence of
atypical cell types suffer from high false positive or high
false negative rates. These shortcomings are unacceptable
because they either result in an unnecessarily high manual
review rate or the failure to detect clinically significant
abnormalities.

[0012] There remains a need in the art for a simple, rapid,
method for determining both a comprehensive five-part
differential, as well as an extended leukocyte differential, in
a single analysis on either a multiparametric high throughput
hematology analyzer or a specialty hematology analyzer,
and compositions facilitating such methods.

SUMMARY OF THE INVENTION

[0013] The need in the art is addressed by providing
various embodiments of compositions and methods for
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hematology analysis which use unique combinations of
fluorochrome-labeled antibodies and/or fluorescent dyes.

[0014] Inoneaspect, a composition or kit for differentially
identifying cells in an instrument includes a fluorescent dye
capable of staining cells, which has a dye emission spec-
trum; a first antibody that binds to an antigenic determinant
that is differentially expressed on populations of blood cells,
the antibody labeled with a fluorochrome having a first peak
emission spectrum; and an optional additional antibody that
binds to a second antigenic determinant that is differentially
expressed on populations of blood cells, the antibody
labeled with the same fluorochrome or a different fluoro-
chrome having a second peak emission spectrum. The dye
and fluorochromes labeling the antibodies of the composi-
tion are selected so that at least two spectra (i.e., the dye
emission spectrum, the first peak emission spectrum and/or
the second peak emission spectrum) overlap. The overlap
forms a spectral emission that cannot be separated or
resolved by optical or color compensation methods into the
individual spectra or peak spectra of the two (or three)
components. When utilizing the compositions described
herein consisting of fluorescent dyes and fluorochrome
labeled antibodies with overlapping spectra that cannot be
separated or distinguished based upon optical or electronic
compensation means, a new fluorescent footprint is estab-
lished. This new fluorescent footprint is a result of the
overlapping spectra and the combined cellular staining pat-
terns of the dyes and fluorochrome labeled antibodies cho-
sen for the composition. The new fluorescent footprint
results in histogram patterns that are useful for the identi-
fication of additional cell populations or subtypes in hema-
tological disease. A variety of such compositions are dis-
closed herein.

[0015] In another aspect, a composition comprises com-
binations of antibodies, which do not require the fluorescent
dye described above, but rely on a combination of fluoro-
chromes of overlapping peak emission spectra to permit use
in hematological analysis. One embodiment of such a com-
position includes a first antibody that binds to an antigenic
determinant that is differentially expressed on populations of
blood cells, the antibody labeled with a fluorochrome having
a first peak emission spectrum. The composition further
includes a second antibody that binds to a second antigenic
determinant that is differentially expressed on populations of
blood cells. The second antibody is labeled with the same
fluorochrome as on the first antibody or a different fluoro-
chrome having a second peak emission spectrum that over-
laps the first peak emission spectrum. The overlap forms a
spectral emission that cannot be separated or resolved by
optical or color compensation methods into the individual
spectra or peak spectra of the two components. The new
fluorescent footprint, i.e., the result of the overlapping
spectra and the combined cellular staining patterns of the
dyes and fluorochrome labeled antibodies chosen for the
composition, results in histogram patterns that are useful for
the identification of additional cell populations or subtypes
in hematological disease. The composition can also include
an optional additional antibody that binds to a third antigenic
determinant that is differentially expressed on populations of
blood cells. This optional antibody is labeled with a fluo-
rochrome having a third peak emission spectrum that does
not overlap the first peak emission spectrum.
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[0016] Inyetanotheraspect,a method for the enumeration
of multiple cell populations in a biological sample is pet-
formed by mixing or reacting the sample, with one of the
compositions described herein in a single reaction mixture.
These compositions are further elucidated in the following
detailed description. In one embodiment of the method, the
single reaction mixture is contacted with an optional Iytic
reagent that differentially lyses non-nucleated red blood
cells present in the sample. The resulting single reaction
mixture is then passed through a sensing region in a cell
analyzer. The sensing region in one embodiment may be a
single flow aperture; and the cell analyzer may be a flow
hematology analyzer. This sensing region measures the
mixture for at least two of the same or different parameters
selected from one or more channels of fluorescence, one or
more optical parameters, one or more electrical parameters,
and combinations thereof, preferably in a single step. Popu-
lations of cells in the sample are enumerated by analyzing at
least two parameters for each of the cell populations. Use of
a composition as above herein permits the enumeration of
multiple hematologic cell populations in a biological
sample. When utilizing the compositions described herein
consisting of fluorescent dyes and fluorochrome labeled
antibodies with overlapping spectra that cannot be separated
or distinguished based upon optical or electronic compen-
sation means, a new fluorescent footprint is established. This
new fluorescent footprint is a result of the overlapping
spectra and the combined cellular staining patterns of the
dyes and fluorochrome labeled antibodies chosen for the
composition. The new fluorescent footprint results in histo-
gram patterns that are useful for the identification of addi-
tional cell populations or subtypes in hematological disease.

[0017] In one embodiment, for example, at least seven,
and preferably more, cell populations are identifiable in a
single biological sample.

[0018] Other aspects and advantages of various embodi-
ments of the invention of the claims are disclosed in the
following detailed description thereof.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] FIGS. 1A thru 1C are dual parameter histograms
representing an embodiment is described in which a normal
peripheral blood specimen was reacted with a first antibody
labeled with a first fluorochrome having a first peak emis-
sion spectrum, the first antibody binding to an antigenic
determinant that is differentially expressed on populations of
leukocytes and non-leukocytes (CD45-PC7) and an addi-
tional antibody labeled with the same first fluorochrome
having the same peak emission spectrum as the first anti-
body. The two identical fluorochromes overlap to form a
non-compensatable spectral emission. The additional anti-
body binds to an antigenic determinant that is differentially
expressed on populations of mature and immature granulo-
cytes or myeloid cells (CD16-PC7). The reaction mixture
was then contacted with a lytic system that differentially
lyses non-nucleated red blood cells present in the sample
and conserves the leukocyte population in the sample. The
reaction was performed in the absence of a fluorescent dye.

[0020] FIG. 1A is a two parameter histogram displaying
forward light scatter (FS) vs. side scatter (SS). At least three
cellular populations can be identified and enumerated in this
display: lymphocytes, monocytes and granulocytes (con-
taining eosinophils and neutrophils).
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[0021] FIG. 1B is a two parameter histogram displaying
fluorescence of (anti-CD16-PC7 and anti-CD45-PC7) vs.
side scatter. At least five cellular populations can be iden-
tified and enumerated in this display: lymphocytes, mono-
cytes, basophils, eosinophils and neutrophils.

[0022] FIG. 1C is a two parameter histogram displaying
fluorescence of (anti-CD16-PC7 and anti-CD45-PC7) vs.
forward scatter. At least three cellular populations can be
identified and enumerated in this display: lymphocytes,
neutrophils and a third cluster containing eosinophils, mono-
cytes and basophils.

[0023] FIGS. 2A thru 2C are dual parameter histograms
obtained by performing a method described herein in which
a normal peripheral blood specimen was reacted with a first
antibody labeled with a first fluorochrome having a first peak
emission spectrum. The first antibody binds to an antigenic
determinant that is differentially expressed on populations of
leukocytes and non-leukocytes (CD45-PE). An additional
antibody is labeled with an additional fluorochrome (CD16-
PC7). The additional antibody binds to an antigenic deter-
minant that is differentially expressed on populations of
mature and immature granulocytes or myeloid cells. The
fluorochrome on this antibody has an additional peak emis-
sion spectrum distinguishable from the first peak emission
spectrum. The reaction mixture was then contacted with a
Iytic system that differentially lyses non-nucleated red blood
cells present in the sample and conserves the leukocyte
population in the sample. The reaction was performed
without use of a fluorescent dye.

[0024] FIG. 2A is a two parameter histogram displaying
side scatter (SS) vs. CD45-PE fluorescence. At least four
cellular populations are identified and enumerated in this
display: lymphocytes, monocytes, basophils and a cluster of
granulocytes containing eosinophils and neutrophils.

[0025] FIG. 2B is a two parameter histogram displaying
fluorescence CD16-PC7 fluorescence vs. side scatter (SS).
At least four cellular populations are identified and enumer-
ated in this display: neutrophils, monocytes, eosinophils and
a cluster containing natural killer cells and activated lym-
phocytes.

[0026] FIG. 2C is a two parameter histogram displaying
fluorescence CD16-PC7 fluorescence vs. CD45-PE fluores-
cence. At least four cellular populations are identified and
enumerated in this display: lymphocytes, neutrophils, a
cluster containing eosinophils and monocytes and an addi-
tional cluster containing natural killer cells and activated
lymphocytes.

[0027] FIGS. 3A thru 3C are dual parameter histograms
obtained by performing a method described herein in which
a normal peripheral blood specimen was reacted with a first
antibody labeled with a first fluorochrome having a first peak
emission spectrum, the first antibody binding to an antigenic
determinant that is differentially expressed on populations of
leukocytes and non-leukocytes (CD45-PC5). An additional
antibody 1s labeled with an additional fluorochrome (CD16-
PE), wherein the additional antibody binds to an antigenic
determinant that is differentially expressed on populations of
mature and immature granulocytes or myeloid cells. The
additional fluorochrome has an additional peak emission
spectrum distinguishable from the first peak emission spec-
trum. The reaction mixture was then contacted with a lytic
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system that differentially lyses non-nucleated red blood cells
present in the sample and conserves the leukocyte popula-
tion in the sample. The reaction was performed in the
absence of a fluorescent dye.

[0028] FIG. 3A is a two parameter histogram displaying
DC (Impedance) vs. Median Angle Light Scatter (MALS)
which is a forward angle of light scatter from approximately
20 to 40 degrees. At least four cellular populations are
identified and enumerated in this display: lymphocytes,
monocytes, neutrophils and eosinophils.

[0029] FIG. 3B is a two parameter histogram displaying
fluorescence of CD45-PC5 vs. Opacity (OP) where OP=Ra-
dio Frequency (RF)/Impedance (DC) following removal of
the neutrophils and eosinophils by gating them out from
histogram FIG. 3A. In this example at least three cellular
populations are identified and enumerated: lymphocytes,
monocytes and basophils.

[0030] FIG. 3C is a two parameter histogram displaying
fluorescence of CD16-PE vs. RF. At least three cellular
populations are identified and enumerated in this display:
activated lymphocytes, activated monocytes and neutro-
phils.

[0031] FIGS. 4A thru 4D are dual parameter histograms
obtained by performing a method described herein in which
a peripheral blood specimen containing immature granulo-
cytes and bands, was reacted with a first antibody labeled
with a first fluorochrome having a first peak emission
spectrum. The first antibody binds to an antigenic determi-
nant that is differentially expressed on populations of leu-
kocytes and non-leukocytes (CD45-PC5). An additional
antibody is labeled with an additional fluorochrome (CD16-
PE), wherein the additional antibody binds to an antigenic
determinant that is differentially expressed on populations of
mature and immature granulocytes or myeloid cells. The
additional fluorochrome has an additional peak emission
spectrum distinguishable from the first emission spectrum.
The reaction mixture was then contacted with a lytic system
that differentially lyses non-nucleated red blood cells present
in the sample and conserves the leukocyte population in the
sample. The reaction was performed in the absence of a
fluorescent dye.

[0032] FIG. 4A is a two parameter histogram displaying
DC (Impedance) vs. Median Angle Light Scatter (MALS).
At least four cellular populations are identified and enumer-
ated in this display: lymphocytes, monocytes, eosinophils
and a cluster containing neutrophils, bands and immature
granulocytes.

[0033] FIG. 4B is a two parameter histogram displaying
fluorescence of CD16-PE vs. SS. In this example at least
three cellular populations are identified and enumerated:
neutrophils, bands and natural killer cells.

[0034] FIG. 4C is a two parameter histogram displaying
DC vs. MALS following removal of the neutrophils and
bands by gating them out from the histogram in FIG. 4B. At
least four cellular populations are identified and enumerated
in this display: lymphocytes, monocytes, eosinophils and
immature granulocytes.

[0035] FIG. 4D is a two parameter histogram displaying
fluorescence of CD45-PC5 vs. SS following removal of the
neutrophils and bands by gating them out from the histo-
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gram in FIG. 4B. At least five cellular populations are
identified and enumerated in this display: lymphocytes,
monocytes, eosinophils, basophils and immature granulo-

cytes.

[0036] FIGS. 5A thru 5C are dual parameter histograms
obtained by performing a method described herein in which
a normal peripheral blood specimen was reacted with a first
antibody labeled with a first fluorochrome having a first peak
emission spectrum. The first antibody binds to an antigenic
determinant that is differentially expressed on populations of
leukocytes and non-leukocytes (CD45-PC7). An additional
antibody is labeled with the first fluorochrome (CD16-PC7)
having the same peak emission spectrum as the first anti-
body. Thus, the antibodies have fluorochromes which over-
lap to form a non-compensatable spectral emission. The
additional antibody binds to an antigenic determinant that is
differentially expressed on populations of mature and imma-
ture granulocytes or myeloid cells. The reaction mixture was
then contacted with a metachromatic, cell permeant, nucleic
acid dye (Acridine Orange), which has an emission spec-
trum that either does not overlap or overlaps in a marner
subject to separation by optics or color compensation with
the peak emission spectrum of PC7. The mixture was
analyzed without lysing the red blood cells present in the
sample. The RBCs are not apparent in the histogram dis-
plays as they were set below the electronic threshold of the
system in order to maximize the quantity of white blood cell
events displayed.

[0037] FIG. 5A is a two parameter histogram displaying
AQ fluorescence at a wavelength of approximately 675 nm
vs. SS. At least four cellular populations are identified and
enumerated in this display: lymphocytes, monocytes, eosi-
nophils and neutrophils.

[0038] FIG. 5B is a two parameter histogram displaying
the fluorescence of AO, CD16-PC7 & CD45-PC7 at a
wavelength of approximately 750 nm vs. SS. At least six
cellular populations are identified and enumerated: lympho-
cytes, monocytes, neutrophils, eosinophils, basophils and
natural killer cells.

[0039] FIG. 5C is a two parameter histogram displaying
the fluorescence of AO, CD16-PC7 & CD45-PC7 at a
wavelength of approximately 750 nm vs. the fluorescence of
AQO at a wavelength of approximately 675 nm. At least six
cellular populations are identified and enumerated: lympho-
cytes, monocytes, neutrophils, eosinophils, basophils and
natural killer cells.

[0040] FIGS. 6A and 6B are dual parameter histograms
obtained by performing a method described herein in which
a normal peripheral blood specimen was reacted with a first
antibody labeled with a first fluorochrome having a first peak
emission spectrum. The first antibody binds to an antigenic
determinant that is differentially expressed on populations of
leukocytes and non-leukocytes (CD45-PC7). An additional
antibody labeled with an additional fluorochrome (CD16-
PE) binds to an antigenic determinant that is differentially
expressed on populations of mature and immature granulo-
cytes or myeloid cells. This additional fluorochrome has an
additional peak emission spectrum distinguishable from the
first peak emission spectrum. Also used in this experiment is
the metachromatic, cell permeant, nucleic acid dye (Acri-
dine Orange) which has an emission spectrum that overlaps
with the peak emission spectra of the fluorochrome PE. The
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sample was then passed through a single flow aperture in a
flow hematology analyzer without lysing the red blood cells
present in the sample. The overlap between AO and PE is
non-compensatable, i.e., the emission pattern or spectra of
PE cannot be compensated or resolved at its peak emission
spectrum (~575 nm) from the emission spectra of AO. The
spectral emission formed by the overlap of the dye emission
spectrum and the fluorochrome’s peak emission wavelength
is non-compensatable. Upon fluorescent analysis, the new
footprint results in a histogram pattern that is useful to
identify additional cell populations or subtypes in hemato-
logical analysis. The RBCs are not apparent in the histogram
displays as the displays were set below the electronic
threshold of the system in order to maximize the quantity of
white blood cell events displayed.

[0041] FIG. 6A is a two parameter histogram displaying
AO and CD16-PE fluorescence at a wavelength of approxi-
mately 575 nm vs. SS. At least five cellular populations are
identified and enumerated in this display: lymphocytes,
monocytes, eosinophils, neutrophils and natural killer cells.

[0042] FIG. 6B is a two parameter histogram displaying
of AO & CD45-PC7 fluorescence at a wavelength of
approximately 750 nm vs. SS. At least four cellular popu-
lations are identified and enumerated: lymphocytes, mono-
cytes, basophils, and a cluster of neutrophils and eosino-
phils.

[0043] FIGS. 7A thru 7C are dual parameter histograms
obtained by performing a method described herein in which
an abnormal peripheral blood specimen was reacted with a
first antibody labeled with a first fluorochrome (CD45 PC7)
having a first peak emission spectrum, the first antibody
binding to an antigenic determinant that is differentially
expressed on populations of leukocytes and non-leukocytes.
An additional antibody, labeled with the same first fluoro-
chrome (CD16-PC7), binds to an antigenic determinant that
is differentially expressed on populations of mature and
immature granulocytes or myeloid cells. Thus the fluoro-
chromes on the two antibodies overlap to form a non-
compensatable, non-separable spectral emission. The fluo-
rescent dye (Acridine Orange), which has a peak emission
spectrum that does not overlap or overlaps with the peak
emission spectrum of PC7 in a compensatable manner, is
also part of this experiment. A Iytic system is used to
differentially lyse any non-nucleated red blood cells present
in the sample and conserve the leukocyte population in the
sample. When utilizing the compositions described herein
consisting of fluorescent dyes and fluorochrome labeled
antibodies with overlapping spectra that cannot be separated
or distinguished based upon optical or electronic compen-
sation means, a new fluorescent footprint is established. This
new fluorescent footprint is a result of the overlapping
spectra and the combined cellular staining patterns of the
dyes and fluorochrome labeled antibodies chosen for the
composition. The new fluorescent footprint results in histo-
gram patterns that are useful for the identification of addi-
tional cell populations or subtypes in hematological disease.

[0044] FIG. 7A is a two parameter histogram displaying
AQ, CD16-PC7 & CD45-PC7 fluorescence at a wavelength
of approximately 750 nm vs. SS. At least six cellular
populations are identified and enumerated in this display:
lymphocytes, monocytes, neutrophils, basophils, blasts and
a cluster containing eosinophils and immature granulocytes.
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[0045] FIG. 7B is a two parameter histogram displaying
of AO fluorescence at a wavelength of approximately 675
nm vs. SS. At least four cellular populations are identified
and enumerated: eosinophils, clusters containing lympho-
cytes and blasts, monocytes and blasts, and neutrophils and
immature granulocytes.

[0046] FIG. 7C is a two parameter histogram displaying
AQ, CD16-PC7 & CD45-PC7 fluorescence at a wavelength
of approximately 750 nm vs. SS following removal of the
eosinophils by gating them out from FIG. 7B. At least six
cellular populations are identified and enumerated in this
display: lymphocytes, monocytes, neutrophils, basophils,
blasts and immature granulocytes.

[0047] FIGS. 8A thru 8C are dual parameter histograms
obtained by performing a method described herein in which
an abnormal peripheral blood specimen was reacted with a
first antibody labeled with a first fluorochrome (CD45-PC7)
having a first peak emission spectrum. The first antibody
binds to an antigenic determinant that is differentially
expressed on populations of leukocytes and non-leukocytes.
An additional antibody labeled with an additional fluoro-
chrome (CD16-PE), binds to an antigenic determinant that is
differentially expressed on populations of mature and imma-
ture granulocytes or myeloid cells. The additional fluoro-
chrome has an additional peak emission spectrum distin-
guishable from the first peak emission spectrum. The
fluorescent dye (Acridine Orange) which has a peak emis-
sion spectrum that overlaps with the peak spectrum of PE
and a lytic system that differentially lyses any non-nucleated
red blood cells present in the sample and conserves the
leukocyte population in the sample are also used. As pro-
vided above, the overlap between AO and PE forms a new
non-separable spectral emission that, upon fluorescent
analysis, with the different cellular distribution patterns and
specificities of the antibodies and fluorescent dyes used
results in one or more histograms characterized by the
presence of a new “footprint”. The new footprint is a new
fluorescent cellular histogram pattern that is useful to iden-
tify additional cell populations or subtypes in hematological
analysis.

[0048] FIG. 8A is a two parameter histogram displaying
AO fluorescence at a wavelength of approximately 525 nm
vs. SS. At least four cellular populations are identified and
enumerated in this display: lymphocytes, monocytes, neu-
trophils and eosinophils.

[0049] FIG. 8B is a two parameter histogram displaying
of AO & CD16-PE fluorescence at a wavelength of approxi-
mately 575 nm vs. SS. At least six cellular populations are
identified and enumerated: lymphocytes, monocytes, eosi-
nophils, neutrophils, immature granulocytes and natural
killer cells.

[0050] FIG. 8C is a two parameter histogram displaying
AO fluorescence at a wavelength of approximately 525 nm
vs. AO & CDA45-PC7 fluorescence at a wavelength of
approximately 750 nm following removal of the eosinophils
by gating them out of FIG. 8A. At least five cellular
populations are identified and enumerated in this display:
nucleated red blood cells, neutrophils, immature granulo-
cytes, basophils and a cluster containing lymphocytes and
monocytes.

[0051] FIGS. 9A thru 9C are dual parameter histograms
obtained by performing a method described herein in which
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an abnormal peripheral blood specimen was reacted with a
first antibody labeled with a first fluorochrome (CD45-PE)
having a first peak emission spectrum. The first antibody
binds to an antigenic determinant that is differentially
expressed on populations of leukocytes and non-leukocytes.
An additional antibody labeled with an additional fluoro-
chrome (CD16-PC7), binds to an antigenic determinant that
is differentially expressed on populations of mature and
immature granulocytes or myeloid cells. The additional
fluorochrome has an additional peak emission spectrum
distinguishable from the first peak emission spectrum. The
fluorescent dye (Acridine Orange) which has a peak emis-
sion spectrum that overlaps with the peak emission spectrum
of PE and a lytic system that differentially lyses any non-
nucleated red blood cells present in the sample and con-
serves the leukocyte population in the sample are also used.
As provided above, the overlap between AO and PE forms
a new non-separable spectral emission. This new fluorescent
footprint is a result of the overlapping spectra and the
combined cellular staining patterns of the dyes and fluoro-
chrome labeled antibodies chosen for the composition. The
new fluorescent footprint results in histogram patterns that
are useful for the identification of additional cell populations
or subtypes in hematological disease.

[0052] FIG. 9A is a two parameter histogram displaying
AQ fluorescence at a wavelength of approximately 525 nm
vs. SS. At least four cellular populations are identified and
enumerated in this display: lymphocytes, monocytes, neu-
trophils and eosinophils.

[0053] FIG. 9B is a two parameter histogram displaying
of AO & CD16-PC7 fluorescence at a wavelength of
approximately 750 nm vs. SS following removal of the
eosinophils by gating them out from FIG. 9A. At least five
cellular populations are identified and enumerated: lympho-
cytes, monocytes, neutrophils, immature granulocytes and
natural killer cells.

[0054] FIG. 9C is a two parameter histogram displaying
of AO & CDI16-PC7 fluorescence at a wavelength of
approximately 750 nm vs. AO & CDA45-PE fluorescence at
a wavelength of approximately 575 nm following removal
of the eosinophils by gating them out from FIG. 9A. At least
six cellular populations are identified and enumerated: lym-
phocytes, monocytes, neutrophils, immature granulocytes,
nucleated red blood cells and natural killer cells.

[0055] FIG. 10 is a dual parameter histogram displaying
AO and CD16-PE fluorescence at a wavelength of approxi-
mately 575 run vs. SS generated from the experiment of
Example 15 (using a single anti-CD16-PE antibody, a
nucleic acid dye that overlaps the peak emission spectrum of
PE, and a lysis reagent). Using the new “footprint” formed
as described herein, at least eight cellular populations are
identified and enumerated in this display: neutrophils,
immature granulocytes, eosinophils, natural killer cells, acti-
vated monocytes, monocytes, nucleated red blood cells and
a cluster containing lymphocytes, blasts and basophils.

[0056] FIG. 11A is a two parameter histogram displaying
AO fluorescence at a wavelength of approximately 525 nm
vs. SS generated from the experiment of Example 16 (using
a single labeled antibody anti-CD45-PE, a fluorescent dye
with overlapping spectrum with PE, and a lytic reagent).
Using the new “footprint” formed as described herein, at
least five cellular populations are identified and enumerated:
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neutrophils, eosinophils, monocytes, nucleated red blood
cells, and a cluster containing lymphocytes, blasts and
basophils.

[0057] FIG. 11B is a two parameter histogram displaying
AQ and CDA45-PE fluorescence at a wavelength of approxi-
mately 575 nm vs. SS generated from the same experimental
data. Using the new “footprint” formed as described herein,
at least six cellular populations are identified and enumer-
ated in this display: lymphocytes, monocytes, basophils,
blasts, nucleated red blood cells and a cluster of granulo-
cytes containing neutrophils and eosinophils.

DETAILED DESCRIPTION OF THE
INVENTION

[0058] Methods of performing automated, rapid, extended
leukocyte differential analyses for multiple cell types by
providing for novel spectral patterns to identify additional
cell populations are provided in embodiments described
herein, e.g., preferably for the five normal leukocyte popu-
lations as well as at least one atypical population. As used
herein, the term “composition” includes assemblies or kits
or diagnostic products containing one or more of the below-
identified reagents and components for use in such methods.
Many embodiments of such compositions are described
herein. The use of these compositions or assemblies or Kits
or products in hematological analysis methods enables the
identification of a maximal number of cell populations while
using a minimal number of components in the compositions.
In an embodiment of the compositions and methods, at least
two components, e.g., fluorochromes and/or fluorescent
dyes have overlapping emission spectra that are not com-
pensatable or resolvable at the peak emission spectrum of at
least one of the components.

[0059] The method described herein for the enumeration
of cell populations in a biological sample includes the
following steps. In one embodiment, a single reaction mix-
ture is formed by rapidly reacting the biological sample with
an embodiment of a composition described in detail below.

[0060] Following preparation of the reaction mixture, the
mixture is passed through a sensing region in a cell analyzer,
e.g., a single flow aperture in a multiparametric high
throughput flow hematology analyzer, in a single analytical
step that measures the mixture for multiple parameters.
These parameters may be the same or different and include
one or more channels of fluorescence, one or more optical
parameters, one or more electrical parameters, or combina-
tions thereof. Thereafter, each cell population is identified
and enumerated by using at least two of these parameters.

[0061] Another step of the method involves enumerating
multiple populations of hematological cells (and optionally
some atypical non-hematological cells) in the sample by
analyzing at least two parameters for each different cell
population. For example, in one embodiment, fluorescence
analysis is combined with at least one simultaneously-
measured electrical or optical measurement made on each
individual cell as it passes through the transducer to identify
a cell population. In this manner, an extended differential is
obtained without the need for further separation of the lysed
and unlysed fractions, if present, in the sample, or for
correlation of different measurements made on different
cells in the sample in different transducers.
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[0062] Thus, the method described herein uses novel
combinations of one or more labeled antibodies and/or a
fluorescent dye and/or a lytic system to produce a remark-
ably efficient analysis. When utilizing the compositions or
kits described herein consisting of fluorescent dyes and
fluorochrome labeled antibodies with overlapping spectra
that cannot be separated or distinguished based upon optical
or electronic compensation means, a new fluorescent foot-
print is established. This new fluorescent footprint is a result
of the overlapping spectra and the combined cellular stain-
ing patterns of the dyes and fluorochrome labeled antibodies
chosen for the composition. The new fluorescent footprint
results in histogram patterns that are useful for the identi-
fication of additional cell populations or subtypes in hema-
tological disease with a minimum use of reagents and
hardware.

[0063] The various embodiments of the methods of this
invention and the compositions useful therein are described
in detail below.

A. The Biological Sample

[0064] A biological sample as utilized herein is any mam-
malian cell-containing suspension that contains blood cells,
preferably leukocytes. Such a specimen or sample can
include hematological cells and non-hematological cells.
Such a sample includes, without limitation, whole blood,
peripheral blood, bone marrow aspirate, lymph node tissue,
splenic tissue, cerebrospinal fluid, skin tissue, mucosal tis-
sue, thoracentesis fluids, pleural fluids, and spinal fluid.
Hematological (i.e., blood) cell populations are selected
from the group consisting of monocytes, lymphocytes, neu-
trophils, eosinophils, basophils, myelocytes, metamyelo-
cytes, promyelocytes, immature granulocytes, bands, blast
cells, variant lymphocytes and atypical lymphocytes. Non-
leukocyte hematological cell populations include red blood
cells, reticulated red blood cells, nucleated red blood cells,
platelets, reticulated platelets and megakaryocytes. In the
blood, atypical cells include myelocytes, metamyelocytes,
promyelocytes, immature granulocytes, band cells, blast
cells, atypical lymphocytes, variant lymphocytes nucleated
red blood cells, giant platelets, plasma cells, etc. Non-
hematological cells include epithelial cells and endothelial
cells, among others.

[0065] Preferably, the biological sample is human whole
blood or peripheral blood sample containing the five “nor-
mal” leukocyte populations, which are monocytes, lympho-
cytes, neutrophils, eosinophils, and basophils, as well as
possibly a number of atypical cell populations due to dis-
ease, reaction to an adverse environmental stimuli, e.g., a
carcinogen, or a result of therapeutic treatment. Thus, suit-
able samples for analysis by these methods are human
patient blood samples, which may likely contain both
mature and immature leukocyte cells and non-leukocyte
populations, as well as atypical cells. For example, in one
embodiment, a sample contains blast cells. Another sample
contains nucleated red blood cells. As another example, the
sample contains immature granulocytes. As another
example, the sample contains atypical lymphocytes. Other
combinations of cells in abnormal samples may also be
analyzed by the methods and compositions described herein.

[0066] By applying the method to such biological
samples, information that contributes to the diagnosis, prog-
nosis, staging and treatment of a variety of diseases can be
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made based on the “extended” or “S+part” differential of the
sample. Desirably, the methods described herein provide a
6-part differential, 7-part differential, 8-part differential,
9-part differential, or 10-part differential. A differential of
more than 10 cell populations may also result from appli-
cation of these methods, depending on the selection of the
components of the single reaction mixture, as indicated
above, and on the nature of the sample, e.g., blood, bone
marrow, etc.

[0067] For use in a method as described herein, the
biological sample volumes can be altered to fit the require-
ments of the system, but preferably range from about 10 uL
to about 150 uL.. More particularly, the sample volume can
be at least about 20, 30, 40, 50, 60, 70, 80, 90, 100, 110, 120,
130 or 140 pL.

B. Components of the Methods and Compositions

[0068] In one embodiment, a composition or kit for dif-
ferentially identifying cells in an instrument includes a
fluorescent dye capable of staining cells, which has a dye
emission spectrum; a first antibody that binds to an antigenic
determinant that is differentially expressed on populations of
blood cells, and an optional additional antibody that binds to
a second antigenic determinant that is differentially
expressed on populations of blood cells. The first antibody
is labeled with a fluorochrome having a first peak emission
spectrum. The optional additional antibody is labeled with
either the same fluorochrome used to label the first antibody
or a different fluorochrome having a second peak emission
spectrum. The dye and fluorochromes labeling the antibod-
ies of the composition are selected so that at least two
spectra (i.e., the dye emission spectrum, the first peak
emission spectrum and/or the second peak emission spec-
trum) overlap. The overlap forms a spectral emission pattern
that cannot be separated or resolved by optical or color
compensation methods into the individual spectra or peak
spectra of the two (or three) components. These composi-
tions may be in the form of assemblies or kits of the various
components needed to perform the analytical methods
described herein.

[0069] Thus, in one embodiment, the composition
employs a single labeled antibody with a peak emission
spectrum that overlaps the emission spectrum of a fluores-
cent dye, the overlap resulting in a non-compensatable
spectral emission pattern. In another embodiment, the com-
position employs a fluorescent dye and two antibodies, each
labeled with the same fluorochrome. The dye emission
spectrum overlaps the peak emission spectrum of the fluo-
rochromes labeling both antibodies. The overlap in emission
spectra of the three components results in non-compensat-
able spectral patterns. In another embodiment, a composi-
tion of two labeled antibodies and a fluorescent dye is
provided. The first peak emission spectrum of the fluoro-
chrome labeling the first antibody overlaps the second peak
emission spectrum of a different fluorochrome labeling the
additional antibody, the overlap resulting in a non-compen-
satable spectral emission pattern. Neither the first nor second
peak emission spectrum overlaps the dye emission spec-
trum. In another embodiment, the composition employs a
fluorescent dye and two antibodies labeled with different
fluorochromes. The dye emission spectrum overlaps the
second peak emission spectrum of the additional antibody,
the overlap resulting in a non-compensatable spectral emis-
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sion pattern. Neither the dye emission spectrum nor the peak
emission spectrum of the additional antibody ovetlaps the
first peak emission spectrum of the fluorochrome labeling
the first antibody. In another embodiment in which the
compositions contains a fluorescent dye and two labeled
antibodies, the dye emission spectrum overlaps both the first
peak emission spectrum of the first antibody and the second
peak emission spectrum of the second additional antibody,
the overlaps resulting in one or more non-compensatable
spectral emission patterns. Still other embodiments employ
more than two antibodies, each antibody being labeled with
the same fluorochrome as another antibody in the compo-
sition or with a different fluorochrome.

[0070] In another embodiment, multiple fluorochrome
labeled antibodies with overlapping peak emission spectra,
without the presence of a fluorescent dye are provided. The
overlap results in a non-compensatable spectral emission
pattern.

[0071] Also included in certain embodiments of the com-
position is a lytic system that can differentially lyse any red
blood cells present in the sample and conserve the leukocyte
and optional other nucleated populations in the sample. A
differential lysing of the non-nucleated red blood cells in the
reaction mixture and an optional quenching of the lysing
reaction without altering the intrinsic or extrinsic properties
of the nucleated cells (i.e., the WBC, mature RBC and
platelets), permit retention of the nucleated cells for analy-
sis.

[0072] Still other embodiments and the particular compo-
nents of useful compositions are defined below.

[0073] 1. Antibodies

[0074] Antibodies useful in the compositions and methods
described herein, in conjunction with at least one other
parametric measurement, provide the data required for a
comprehensive extended cell differential in a single analyti-
cal process. The composition of reagents, which with the
sample form a single reaction mixture, is designed so that
one to three antibodies (directed at one to three qualitatively
different antigenic determinants) may be utilized, optionally
in concert with a fluorescent dye, without incorporating
additional hardware (lasers, photomultiplier tubes, etc.) or
more than one or two fluorochrome labels. It is also designed
so that the individual antibody specificities within the com-
position, in conjunction with each other as well as the
electrical or light scatter parameters, are able to provide the
most information in a single analysis. In certain embodi-
ments, compositions may employ more than three antibod-
ies.

[0075] The term “antibody” as used herein is intended to
encompass a polyclonal, monoclonal, synthetic or recombi-
nant antibody of classes IgG, IgM, IgA, IgD and IgE.
Antibody fragments are also useful, including without limi-
tation, a Fab fragment, a Fab' fragment, a F(ab')® fragment
or a Fc antibody fragment of one or more of the above intact
antibodies. Similarly a single chain variable antibody frag-
ment or a recombinant construct comprising a complemen-
tarity determining region (CDR) of an antibody may be
employed as the antibodies useful in these methods. Further,
a synthetic antibody or chimeric antibody or humanized
antibody construct which shares sufficient CDRs to retain
functionally equivalent binding characteristics of an anti-
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body that binds a desired cell surface antigen may also be
employed as the antibody of choice. Preferably highly
specific antibodies are used in this method.

[0076] The individual antibodies for use within the reac-
tion mixture each bind an antigenic determinant that is
differentially expressed on populations of blood cells, and
are chosen so that a particular combination in conjunction
with light scatter and/or electrical parameters provides the
desired extended differential information. For example, an
antibody useful herein binds to an antigenic determinant that
is differentially expressed on populations of leukocytes and
non-leukocytes. Such an antigenic determinant may be
completely absent from non-leukocytes and expressed only
on leukocytes. Alternatively, such an antigenic determinant
may be abundantly expressed on leukocytes and minimally
expressed on non-leukocytes. Such an antibody thus permits
the identification and differentiation of white blood cells
from non-white blood cells, such as RBC, nucleated red
blood cells or platelets. Still other embodiments employ
more than one antibody that binds a different determinant on
the same cell type or population. Therefore a combination of
different antibodies that bind different determinants on the
same cell type or population can be employed in place of a
single antibody that binds one determinant on a cell popu-
lation. In another embodiment, such an antibody (or com-
bination of antibodies) is also capable of differentiating
between mature leukocytes and immature leukocytes, based
on differential expression of the antigenic determinant on
leukocytes as they mature and age.

[0077] The most desirable antibody for this purpose is
anti-CD45. The CD45 antigen is expressed by, or present on,
most cells in the leukocyte populations, but is not expressed,
or only minimally expressed, if at all, on other hematopoi-
etic cells, such as erythrocytes and megakaryocytes. Differ-
ential expression can be displayed within leukocyte popu-
lations so that lymphocytes exhibit relatively high
expression, whereas basophils exhibit relatively low expres-
sion. Expression of the CD45 antigen can also vary as a
function of leukocyte maturation level. For example, blasts
or stem cells express less CD45 antigen than their mature
counterparts. Other antibodies with similar differential bind-
ing expression between white cells, non-white cells, and
blasts, including anti-CD11a, anti-CD50, anti-CD18, anti-
CD?33, and anti-CD62L, among others, may be used as the
first antibody in the compositions and methods described
herein. Also useful are anti-CD233a to glycophorin A,
anti-CD235b, anti-CD236, anti-CD236r, anti-CD239, anti-
CD240, anti-CD241 and anti-CD242. Still other useful first
antibodies may include anti-CD438, anti-CD82, anti-CD235¢
and anti-CD36.

[0078] Yet another antibody (or combination of antibod-
ies) useful in the compositions and methods described herein
binds to an antigenic determinant that is differentially
expressed on populations of mature and immature granulo-
cytes or myeloid cells. In certain embodiments, the compo-
sition contains two or more antibodies directed to antigenic
determinants differentially expressed on mature and imma-
ture granulocytes or myeloid cells. For example, the distri-
bution of the CD16 antigen is more restricted than CD45
with regard to leukocyte expression. The CD16 antigen has
two isoforms: CD16¢ and CD16f. CD16f is expressed
strongly on segmented neutrophils and bands and poorly or
not at all on other cells in the myeloid series. In contrast,
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CD16a. is expressed on a subset of leukocytes classified as
natural killer (NK) cells, and on monocytes and macroph-
ages. An antibody with broad expression for the CD16
epitope (CD16cc and CDI6f) is expressed strongly on
segmented neutrophils, bands, NK cells, monocytes, and
macrophages and expressed pootly or not at all on other cells
in the myeloid series. Therefore, in conjunction with anti-
CD45 and the additional optical and electrical parameters as
selected by this method, the fluorescence of the one or more
additional antibodies can identify and distinguish between
differentiated myeloid cells, immature myeloid precursors,
and stem cells or blasts. For example, because the CD16
antigen may be more conserved than the intrinsic properties
of neutrophils, anti-CD16 can also be used to identify
degranulated(ing) neutrophils, such as may occur due to age,
therapeutic treatments and certain hypogranular conditions.
In addition, NK cells can be identified. Other antibodies with
useful binding properties that distinguish mature and imma-
ture myeloid cells for use as the one or more “additional”
antibody in the method or composition include, without
limitation, antibodies to CDI11b, CD15, CD24, CD35,
CD10, CD49d, CD64 and CD87. In one embodiment, a
composition contains a combination of such antibodies, e.g.,
anti-CD16 and anti-CDS87.

[0079] Additional antibodies which may be employed in
the compositions and methods desirably bind to, or react
specifically with, a different cell surface determinant on
another WBC. For example, the CD19 antigen is a B
lymphocyte-specific antigen that is expressed on cells of the
B lineage from immature pre-B cells to mature B lympho-
cytes. It is the classical epitope that defines a B cell. The
antibody anti-CD19 binds to immature and mature B cells
and can be used to differentiate blasts of B cell origin, and
permits the identification of such blast cells separately from
other WBCs identified by the binding of CD45. Atypical
WBCs include immature granulocytes, blasts, band cells and
atypical lymphocytes. Antibodies that bind to cell determi-
nants specific for such atypical cells include CD34, which
binds to blasts and CD117, etc. The use of various combi-
nations of these antibodies which bind antigenic determi-
nants on blood cells permits further identification and dis-
tinction among the atypical cell types.

[0080] Optimal concentrations of antibodies used in the
methods are defined based upon label selected, desired
staining intensity, reaction kinetics and fluorescence carry-
over between fluorescence channels when using multiple
antibodies with only one or two fluorochrome labels. Such
concentrations may be determined by the person of skill in
the art given the present teachings provided herein.

[0081] Desirably, the antibodies are designed for admix-
ture into a single reaction mixture with a biological sample.

[0082]

[0083] Preferably, each antibody selected for use in a
composition or method described herein is associated with,
or conjugated to, a fluorescent detectable label, called a
fluorochrome. Fluorochromes are commonly used in diag-
nostic assays. Commonly used fluorochromes useful in
labeling antibodies include the blue excitable fluoro-
chromes, such as fluorescein isothiocyanate (FITC), Alexa
488, phycoerythrin (PE), PE-cyanin-5 (PCS5), PE-cyanin-7
(PC7), PE-Texas Red (ECD) and Peridinin-chlorophyll-
protein (PerCP) and the red excitable fluorochromes such as

2. Fluorochromes
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allophycocyanin (APC), Alexa 647, and APC-Cy7. Still
other useful fluorochromes include the tandem dyes, PE-
cyanin-5.5, and rhodamine. Alexa dyes, which are not
tandem dyes, are also useful. Combinations of such labels,
such as Texas Red and rhodamine, FITC+PE, FITC+PECy5,
and PE+PECy7, among others may be used depending upon
the type of laser employed in the flow cytometry apparatus.
Other fluorochromes may be employed in the compositions
and methods, and may include those excitable by radiation
in the red, blue or green wavelengths or combinations
thereof. Multiple fluorochromes may be independently
selected from available fluorochromes. Alternatively, indi-
rect labeling methods, such as biotin-avidin or primary and
secondary labeled antibodies are useful to accomplish a
similar effect.

[0084] All of these fluorescent dyes are commercially
available, and their uses known to the art. Still other fluo-
rescent dyes may be available from other sources or may be
developed in the future. Such fluorescent dyes or fluoro-
chromes are anticipated to be useful in these various meth-
ods in the same manner as is the exemplary fluorescent dye
of the examples below.

[0085] Each fluorochrome has a characteristic “emission
spectrum”, of which a portion is a characteristic “peak
emission spectrum”. As used herein the term “emission
spectrum” means generally the amount of electromagnetic
radiation of each frequency a fluorochrome emits when it is
excited. Generally, an emission spectrum is a range or profile
formed by bands of certain frequency, usually measured in
nanometers (i.c., wavelength). As used herein, the term
“peak emission spectrum” means the most intense portion of
the emission spectrum usually measured as maximum wave-
length in nanometers. The peak emission spectrum for any
given fluorochrome (and for most nucleic acid dyes with
narrow emission spectra) is known and readily obtained
from publications describing such fluorochromes, such as
Handbook of Fluorescent Probes and Research Chemicals,
6th Ed., R. P. Haugland, Molecular Probes, Inc., Eugene,
Oreg.. 1996; Pierce Catalog and Handbook, Life Science
and Analytical Research Products, Pierce Chemical Com-
pany, Rockford, Ill., 1994/1995) Molecular Probes, and
other similar texts or corresponding website, known to those
of skill in the art and incorporated herein by reference. The
peak emission spectrum for any given fluorochrome may
also be obtained by performing a spectral scan using a
spectrophotometer. See also, Tables 1 and 2 below for
several examples of peak emission spectra of certain useful
fluorochromes.

[0086] Each antibody used in the compositions and meth-
ods is associated or coupled with a selected fluorochrome.
Methods for coupling or associating the label with the
antibody are similarly conventional and known to those of
skill in the art. Known methods of label attachment are
described (see, for example, Handbook of Fluorescent
Probes and Research Chemicals, 6th Ed., R. P. Haugland,
Molecular Probes, Inc., Eugene, Oreg., 1996; Pierce Catalog
and Handbook, Life Science and Analytical Research Prod-
ucts, Pierce Chemical Company, Rockford, I11., 1994/1995);
U.S. Pat. Nos. 6,692,968 and 5,164,311, among others.
Thus, selection of the coupling methods is not limiting.

[0087] According to various embodiments of the methods
and compositions described herein, the same or different
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fluorochromes are employed to label the antibody or anti-
bodies. The identity of the fluorochromes depends upon
whether the same fluorochrome or different fluorochromes
are used to label two or more antibodies in the composition.
If the same fluorochrome is used to label more than one
antibody, each antibody will have “overlapping peak emis-
sion spectra”. Such an overlap between identical fluoro-
chromes is non-compensatable or non-separable. If two or
more fluorochromes are used, one may select different
fluorochromes, each with different peak emission spectra,
which may be optionally overlapping peak emission spectra.
In one embodiment, the peak emission spectra of the fluo-
rochrome label on one antibody in the composition and
method overlaps the peak emission spectra of the fluoro-
chrome used to label another antibody to form a non-
compensatable spectral emission.

[0088] Insome embodiments, the peak emission spectra of
the fluorochrome label(s) on the antibody(ies) used in the
composition and method overlap to form a non-separable or
non-compensatable spectral pattern. By the phrases “non-
compensatable”, “non-resolvable” or “non-separable” as
applied to the spectral pattern formed by the overlapping
emission spectra is meant that the spectral pattern formed by
the overlap of the peak emission spectra of the fluoro-
chromes labeling two antibodies cannot be separated or
resolved into the component peak emission spectra. In one
embodiment, the overlapping spectral pattern is not sepa-
rable by current optics or color compensation methods
(optical or electronic). Thus, the resulting non-compensat-
able spectral pattern is different from either of its component
fluorochrome peak. The combination of this overlapping
spectra and the combined cellular staining patterns of the
dyes and fluorochrome labeled antibodies chosen for the
composition results in histogram patterns that are useful for
the identification of additional cell populations or subtypes
in hematological disease. Selected coupled fluorochromes
having overlapping peak emission spectra (in addition to use
of the same fluorochrome on multiple antibodies) that form
non-compensatable, non-separable spectral emission pat-
terns are useful when present on two antibodies with dif-
ferent cellular distribution patterns and specificities to pro-
vide a new fluorescent cellular histogram pattern that is
useful to identify additional cell populations or subtypes in
hematological analysis. Suitable pairs of fluorochromes that
form non-compensatable overlapping spectral emission pat-
terns include, without limitation, the blue excitable pairs:
FITC and Alexa 488, PE and Cy3, PC5 and PeCy35, PC5 and
PerCP, PeCy5 and PerCP, PC7 and PeCy7, and the red
excitable pair: APC and Alexa 647. Where two lasers of
different color are used in the fluorescent analysis, suitable
fluorochrome pairs include, without limitation, PC7 and
APC-Cy7, and PeCy7 and APC-Cy7.

[0089] Alternatively, one may use different fluorochrome
pairs which do not have overlapping peak emission spectra
(referred to hereinafter as ‘“non-overlapping” fluoro-
chromes). For example, selected coupled fluorochromes for
use (using one or two lasers) include PE (peak emission
spectrum ~575 nm)+PECyS5 (peak emission spectrum ~670
nm), PE+APC (peak emission spectrum~660 nm), FITC
(peak emission spectrum ~520 nm)+PE, APC+PECy7 (peak
emission spectrum ~770 nm), and PE+PECy7. All of these
pairs of fluorochromes have non-overlapping peak emission
spectra.
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[0090] These lists of fluorochrome pairs that have non-
compensatable overlapping emission spectra or compensat-
able overlapping emission spectra or emission spectra that
do not overlap are representative only and do not attempt to
include an exhaustive list. One of skill in the art should be
readily able to select the appropriate fluorochrome combi-
nations for use in the compositions and methods described
herein in view of the additional teachings of this specifica-
tion.

[0091]

[0092] In certain embodiments of the compositions and
methods, a fluorescent dye is included. In one embodiment,
the fluorescent dye has an emission spectrum that overlaps
in a non-compensatable manner with at least one peak
emission spectrum of a fluorochrome labeling at least one
antibody employed in a composition or method described
herein. In another embodiment, the dye emission spectrum
either overlaps in a compensatable manner or does not
overlap at all with the peak emission spectrum of the
fluorochromes used in the compositions described herein.
With reference to suitable fluorescent dyes, the term “emis-
sion spectrum” is defined in the same way as defined for
fluorochromes above. Some dyes have broad emission spec-
tra with a broad “peak” that extends for more than 200 nm.
Other dyes have narrow peak emission spectra. Emission
spectra for such dyes are also known in the art and published
in a variety of well-known texts. See, e.g., Darzynkiewicz,
7 and Kapuscinski J (1990). Acridine Orange: A versatile
probe of nucleic acids and other cell constituents. In Flow
Cytometry and Sorting, 2nd Edition, M R Melamed et al
(Ed), Wiley-Liss Inc, New York, pp 291-314. Shapiro,
Howard M. (2003) Practical Flow Cytometry 4™ edition,
Wiley-Liss, Hoboken, N.I. pp. 296-297. Invitrogen website:
www.Invitrogen.com.

[0093] The fluorescent dye is, in one embodiment, a
nucleic acid dye. In another embodiment, the fluorescent dye
is a cytophillic dye. In another embodiment, the fluorescent
dye is a mitochondrial dye. In another embodiment, the
fluorescent dye is an enzyme substrate dye. In one embodi-
ment, the nucleic acid or dye is a cell-permeant dye. The dye
may be metachromatic or non-metachromatic, or cell per-
meant or non-cell permeant. By the term “cell permeant” is
meant to describe a dye that readily penetrates a cell
membrane and stains the components of the cell without
requiring the additional presence of a permeabilizing agent
in the composition or reaction mixture. Typically, cell-
permeant dyes are utilized to stain live cells or components
of cells that have not been lysed.

[0094] In another embodiment, the fluorescent dye is a
cell-impermeant dye, such as those cell-impermeant dyes
within the red, green or blue-excited wavelength regions.

[0095] 1In a further embodiment, the fluorescent dye is an
intercalating dye and/or a metachromatic dye. See, for
example, the metachromatic dyes noted in Urban et al., 2000
Acta. Histochem. 102:259-272.

[0096] In a further embodiment, the fluorescent dye is a
non-metachromatic dye. The term “non-metachromatic dye”
is meant to describe a fluorescent dye that provides a single
wavelength of excitation and/or emission when irradiated at
a predetermined wavelength.

3. The Fluorescent Dye

[0097] Suitable fluorescent dyes in certain embodiments
of the methods and compositions described herein share a
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combination of the above characteristics. For example,
Acridine Orange is a blue excitable, nucleic acid dye, which
is metachromatic and cell permeant. Another useful dye is
propidium iodide, which is a blue excitable, nucleic acid dye
which is non-metachromatic and non-cell permeant. Another
useful dye is Thiazole Orange, which is a non-metachro-
matic, cell permeant nucleic acid dye which excites in the
blue ~488 nm wavelength. Fluorescein diacetate is another
blue excitable dye which is not a nucleic acid dye, but a
non-metachromatic, cell permeant, enzyme substrate dye.
Rhodamine 123 is a blue-excitable, non-metachromatic cell
permeant mitochondrial dye. The red excitable SYTO61 dye
is a non-metachromatic, cell permeant, nucleic acid dye that
excites at about ~633 nm. Similarly the red excitable dye
TO-PRO-3 is a non metachromatic, non-cell permeant,
nucleic acid dye.

[0098] Examples of other fluorescent dyes that may be
utilized herein include, without limitation, the Pyronin Y
dye, acridine dyes, the nonyl Acridine Orange dye (3,6-Bis-
(dimethylamino)-10-nonylacridinium bromide, Molecular
Probes, Eugene, Oreg.), and the Acridine Red dye (also
commercially available as Pyronin B, Sigma-Aldrich Corp.,
St. Louis, Mo.); the Thiazole Orange dye (Becton Dickin-
son, Franklin Lakes, N.J.); Propidium lodide (3,8-Diamino-
5-(3-diethylaminopropyl)-6-phenyl-phenanthridinium
iodide, Sigma-Aldrich Corp., St. Louis, Mo.); Ethidium
Bromide (Sigma-Aldrich Corp., St. Louis, Mo.); Hexidium
lodide (Molecular Probes, Eugene, Oreg.); Dihydroethidium
(Molecular Probes, Eugene, Oreg.); Ethidium Monoazide
(Molecular Probes, Eugene, Oreg.), the Toluidine Blue dye
(2-Amino-7-dimethylamino-3-methylphenothiazinium
chloride, Sigma-Aldrich Corp., St. Louis, Mo.); the
TOPRO-3 dye; the YOPRO-1 dye; the SYTO™ dye such as
the SYTO™ 17 dye and the SYTO™ 59 dye through
SYTO™ 64 dye; the TOTO™ dye such as the TOTO-1 dye
and the TOTO-3 dye; the PO-PRO-3 dye; the YOYO™ dye
such as the YOYO-1 dye; the BOBO™ dye; the POPO™
dye such as the POPO-3 dye; xanthene dyes; carbocyanine
dyes; polymethine dyes including Astra Violet FR; Thiofal-
vine T; pseudoisocyanine; oxacarbocyanine dyes; azine
dyes; diphenylmethane dyes; methine dyes; oxazine dyes;
cyanine dyes; styryl dyes; and hydrosystilbamidine
(Molecular Probes, Eugene, Oreg.). Many of these dyes, as
well as others that can be utilized in the methods described
herein, are commercially available from Molecular Probes
Inc. (Eugene, Oreg.). See, U.S. Pat. No. 5,563,070, which is
hereby incorporated by reference.

[0099] Examples of non-metachromatic dyes include,
without limitation, the Neutral Red dye (3-Amino-7-dim-
ethylamino-2-methylphenazine hydrochloride, Sigma-Ald-
rich Corp., St. Louis, Mo.), the Basic Orange™ 21 dye
(Sigma-Aldrich Corp., St. Louis, Mo.), the DiOC dye (1,1'-
Dimethyloxacarbocyanine, Molecular Probes, Fugene,
Oreg.), the Pyronin™'Y dye (Polysciences, Inc., Warrington,
Pa.), the Methylene Blue™ dye (3-Bis-(dimethylamino)-
phenothiazin-5-ium chloride, Molecular Probes, Eugene,
Oreg.), the Auramine™ O dye (4,4'-(Imidocarbonyl)-bis-(N,
N,-dimethylaniline)monohydrochloride, Sigma-Aldrich
Corp., St. Louis, Mo.), the LDS™ 751 dye (Quinolinium,
6-(Dimethylamino)-2-[4-{4-(dimethylamino)phenyl)-1,3-

butadienyl)-2-ethyl perchlorate, Molecular Probes, Eugene,
Oreg.), the Red series dyes, among others, and combinations
thereof. See, e.g., various Beckman Coulter catalogs; The
Handbook of Fluorescent Probes and Research Products, 6%
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Ed., R. P. Haugland, Molecular Probes, Eugene, Oreg. It
should be noted that certain dyes can be metachromatic in
some circumstances and non-metachromatic in others.

[0100] Examples of metachromatic dyes that can be uti-
lized in the methods and compositions described herein
include, without limitation, the xanthene dyes, carbocyanine
dyes, polymethine dyes including Astra Violet F R. thiofal-
vine T, pseudoisocyanine, oxacarbocyanine dyes, acridine
dyes, azine dyes, diphenylmethane dyes, methane dyes,
oxazine dyes, cyanine dyes, and styryl dyes, among others.
See, e.g., the metachromatic dyes noted in Urban et al., 2000
Acta. Histochem. 102:259-272.

[0101] In one embodiment of the compositions and meth-
ods, the fluorescent dye is Acridine Orange or nonyl Acri-
dine Orange. In another embodiment, the dye is Thiazole
Orange. In still another embodiment the dye is Propidium
lodide. In another embodiment, the dye is Acridine Red or
Toluidine Blue dye.

[0102] In one embodiment the emission spectrum of the
fluorescent dye overlaps one or more peak emission spectra
of one or more fluorochromes used in these compositions
and methods. That overlap forms a non-compensatable,
non-separable spectral emission pattern that cannot be sepa-
rated or resolved into its component spectra. The same
definition applied above to the fluorochromes is applicable
to this overlap between the dye emission spectrum and one
or more fluorochrome peak emission spectra. Specifically,
such non-compensatable spectral patterns cannot be sepa-
rated by optics or color compensation, such as electronic
color compensation. For example, the peak emission spec-
trum of the fluorochrome used to label at least one antibody
in the composition, e.g., PE, overlaps the broad emission
spectrum of the dye, Acridine Orange, and the overlap forms
a spectral pattern that is non-compensatable.

[0103] The following tables below exemplify certain com-
binations of fluorescent dyes with fluorochromes useful for
labeling antibodies with emission spectra or peak emission
spectra that overlap to form non-compensatable (NC) spec-
tral patterns. Also identified in the tables are combinations of
dyes and fluorochromes which overlap, but which form
patterns that are compensatable (C), i.e., separable into the
component spectra or peak emission spectra by optics or
color compensation. These combinations are representative
only and do not attempt to include an exhaustive list. One of
skill in the art should be readily able to select the appropriate
non-compensatable overlapping dye/fluorochrome combi-
nations for use in these compositions and methods in view
of the additional teachings contained herein.

TABLE 1
Blue Blue excitable fluorochromes
Excitable FITC or ECD (PE
Dyes Alexa PEor  Texas PCS5 or PC7 or
(488 nm) 488 Cy3 Red) PeCy5 PerCP  PeCy7
Emission ~520  ~575 ~620 ~670 ~670 ~770
Maximum: nm nm nm nm nm nm
Acridine NC NC NC NC NC C
Orange
Propidium C NC NC C C C
Todide
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TABLE 1-continued

Blue Blue excitable fluorochromes
Excitable FITC or ECD (PE
Dyes Alexa PE or  Texas PCS or PC7 or
(488 nm) 488 Cy3 Red) PeCy5 PerCP  PeCy7
Thiazole NC C C C C C
Orange
Fluorescein NC C C C C C
Diacetate
Rhodamine NC C C C C C
123
[0104]
TABLE 2
Red Excitable Dyes Red excitable fluorochromes
(633 nm) APC or Alexa 647 APC-Cy7
Emission Maximum: ~660 nm ~770 nm
SYTO 61 NC C
TO-PRO-3 NC C

[0105] Various combinations of dyes and fluorochromes
that overlap and form non-compensatable spectral patterns
may be used in these compositions and methods in the same
manner as described for the Acridine Orange and PE which
are used in the following examples.

[0106] 4. The Lytic System

[0107] An optional lytic system can be employed to dif-
ferentially lyse non-nucleated red blood cells in the biologi-
cal sample, while conserving the desired intrinsic and extrin-
sic properties of the leukocyte populations, and conserving
nucleated red blood cells (NRBC) and/or platelets as well. In
one embodiment, the lytic system is a component of the
method or composition in the absence of a fluorescent dye.
In another embodiment, the lytic system is employed in the
presence of a fluorescent dye, typically where the fluorescent
dye is an impermeant dye, as described above. In some
embodiments, a lytic system can include a single lytic
reagent. In other embodiments, the Iytic system includes two
reagents, such as a lytic agent and a quench reagent. In some
embodiments, a lytic system can include three reagents, a
Iytic agent, a quench reagent and a fixation reagent.

[0108] The lytic system can be a lytic reagent system
including, but not limited to: Erythrolyse II (Beckman
Coulter, Inc.), the lysing reagent disclosed in U.S. Pat. No.
5,882,933, incorporated by reference for the purposes of
identifying the reagents. The lytic reagent can vary with the
primary requirements being efficient lysis of the red blood
cells, and the conservation of the antigenic determinants and
desired electrical and optical properties on the WBCs and
NRBCs and desired atypical cells.

[0109] In addition to employing a single reagent for lysis,
the lytic systems useful in the compositions and methods
described herein can include a second reagent, e.g., one that
quenches or retards the effect of the lytic reagent during the
remaining steps of the method, e.g., while the sample flows
through the aperture in the transducer module. A useful lytic
retarding agent may be selected depending upon the lysis
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agent and may likely be employed only where speed is an
issue. An example of such a lytic retarding agent is Stabil-
yse™ reagent (Beckman Coulter, Inc.). The lytic retarding
reagent can vary provided that the primary requirement of
quenching of the lytic reaction as well as the conservation of
the antigenic determinants and desired electrical and optical
properties on the cells of interest are accomplished.

[0110] A conventional fixation reagent may also be
employed depending upon the choice of Iytic reagents or the
preferred implementation of the method.

[0111] Other lytic systems are marketed commercially and
include the Immunoprep™ system U.S. Pat. No. 5,030,554
(Beckman Coulter, Inc.), the Versalyse™ system, the FAC-
Slyse™ system (Becton Dickenson), or an ammonium chlo-
ride system. These systems are useful in the methods and
compositions described herein.

[0112]

[0113] Sphering agents can optionally be included in the
composition, reagents and methods described herein and can
be readily selected by one of skill in the art. Desirably, the
sphering reagent is a zwitterionic surfactant which isovolu-
metrically spheres the red blood cells and reticulocytes and
increases permeability. Such reagents can also act as sur-
factants. Examples of sphering agents include the non-ionic
surfactant Dodecyl-p-D-Maltoside, which suitably is in
solution with a buffer such as phosphate buffered saline,
zwitterionic agents such as alkyl amido betaine or an alkyl
betaine such as lauroamidopropylbetaine, cocoamidopropy-
Ibetaine and cocoamidosul fobetaine, N-tetradecyl-N,N-dim-
ethyl-3-ammonio-1-propanesulfonate, or N-dodecyl-N,N-
dimethyl-3-ammonio-1-propanesulfonate. See, U.S. Pat.
Nos. 5,633,167 and 5,438,003, which are hereby incorpo-
rated by reference. To effectively isovolumetrically sphere
the reticulocytes and red blood cells within a blood sample,
the, concentration of the sphering reagent in the composition
is most preferably from about 3 pg/mlL to about 50 pg/mL
with a mOsm in the range of about 200 to about 400 mOsm,
and preferably from about 250 mOsm to about 350 mOsm.
However, one of skill in the art may readily adjust this
concentration and osmolarity as needed or desired to iso-
volumetrically sphere the cells, taking into consideration the
surfactant selected.

[0114] Some surfactants and detergents that also perme-
abilize cells may also be emploved in the compositions
described herein. Examples of surfactants include, without
limitation, the anionic surfactant ammonium perfluoralkyl
carboxylate (commercially available as Fluorad® FC-143
(3M Company, Minneapolis, Minn.)), sodium lauroyl myris-
toyl lactylate (commercially available as Pationic® 138C
(R.ILT.A. Corp, Woodstock, I11.)), or from the non-ionic
surfactants Dodecyl-a-D-maltoside, N,N-bis[3-D-glucon-
amidopropyl] cholamide, polyoxypropylene-polyoxyethyl-
ene block copolymer, N-tetradecyl-o-D-maltoside, Daco-
nyl-N-methyl-glucamide, n-Dodecyl-a-D-glucopyranoside,
n-Decyl-a.-D-glucopyranoside, polyethylene glycol ester of
stearic acid, ethoxylated cocomonoglyceride, octyphenoxy-
poly (ethyleneoxy) ethanol, ethoxylated octylphenol, and
linear alcohol, or, from among the cationic surfactants, coco
hydroxyethyl imidazoline, lauryltrimethylammonium chlo-
ride, decyltrimethylammonium bromide, octyltrimethylam-
monium bromide, or from among the zwitterionic surfac-
tants lauramidopropyl betaine, N-tetradecyl-N,N-dimethyl-

5. Other Optional Components



US 2006/0269970 A1l

3-ammonio-1-propanesulfonate, N-dodecyl-N,N-dimethy]-
3-ammonio-1-propanesulfonate, cocoamidopropylbetaine,
cocoamidosulfobetaine, N-dodecyl-N,N-dimethyl-3-ammo-
nio-1-propanesulfonate, N-tetradecyl-N,N-dimethyl-3-am-
monio-1-propanesulfonate. Examples of detergents include,
without limitation, non-ionic detergents.

[0115] Other cell permeabilizing agents are also optionally
included in various embodiments of the compositions to
permit cell impermeant dyes to permeate the cell membrane.
Desirably, these components are used at a concentration
between about 0 to about 1% of the total composition.

[0116] An embodiment of a composition may further
contain other components, such as buffers. Suitable buffers
include those that maintain the pH of the composition in the
range of about 6 to about 9. Desirably, a pH in the range of
about 7 to about 7.5 is maintained in the composition.
Additionally, such buffers may also be used to adjust the
concentration of one or more of the components of the
composition. Examples of buffers that can be utilized in the
methods and compositions described herein include, without
limitation, phosphate buffered saline or isotonic saline, such
as ISOTON 11, Coulter Corporation, Miami, Fla., or the like.
See, U.S. Pat. No. 3,962,125, which is hereby incorporated
by reference. Selection of an appropriate buffer is not a
limitation of the methods and compositions taught herein.

[0117] Preservatives can also be added to the compositions
and may be selected from, but not limited to, 5-Chloro-2-
methyl-4-isothiazolin-3-one, and 2-methyl-4-isothiazolin-3-
one (such preservatives may be purchased commercially,
e.g., as ProClin 300 or ProClin 150).

[0118] One of skill in the art would be able to select further
reagents that can be utilized in the compositions for use in
the various methods described herein.

[0119]

[0120] The compositions are typically prepared in an
appropriate manner. In one embodiment, all of the compo-
nents of the reaction mixture other than the sample itself
may be assembled to form a kit.

[0121] Inoneembodiment, the composition or kit contains
a fluorescent dye capable of staining cells, which has a
characteristic dye emission spectrum and a “first” antibody
that binds to an antigenic determinant that is differentially
expressed on populations of blood cells in the sample. In one
embodiment, the antigenic determinant is differentially
expressed on populations of leukocytes and non-leukocytes.
In another embodiment, the antigenic determinant is differ-
entially expressed on populations of mature and immature
granulocytes or myeloid cells. Still other antigenic determi-
nants may be selected by one of skill in the art, as described
above. This “first” antibody is labeled with a “first” fluoro-
chrome having a characteristic “first” peak emission spec-
trum. In this embodiment in which only a single antibody is
present, the emission spectrum of the dye overlaps the peak
emission spectrum of the “first” fluorochrome, resulting in a
non-compensatable spectral pattern. An example of such an
embodiment is described in detail in Example 15 below.

[0122] In another embodiment of the method, the reaction
mixture contains the “first” antibody, the fluorescent dye,
and at least one additional antibody. The at least one
additional antibody binds a different antigenic determinant

6. Specific Embodiments
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that is differentially expressed on populations of blood cells.
However, the antigenic determinant bound by the additional
antibody is distinct from that of the first antibody in the
composition. In one particular embodiment employing two
antibodies and a fluorescent dye, the first antibody binds an
antigenic determinant that is differentially expressed on
populations of leukocytes and non-leukocytes and the sec-
ond antibody binds an antigenic determinant that differen-
tially expressed on populations of mature and immature
granulocytes or myeloid cells.

[0123] In one such embodiment, the additional antibody is
labeled with the same “first” fluorochrome, and thereby the
first labeled antibody and additional labeled antibody have
overlapping peak emission spectra, which are non-compen-
satable. In one embodiment, these peak emission spectra do
not overlap the dye emission spectrum. In another embodi-
ment, these peak emission spectra do overlap the dye
emission spectrum, preferably a non-compensatable spectral
pattern.

[0124] In another composition containing the first anti-
body, the dye and the additional antibody. the additional
antibody is labeled with a fluorochrome that is different from
the “first” fluorochrome, but that has a “second” peak
emission spectrum. In one particular embodiment of this
composition, only the first fluorochrome peak emission
spectrum overlaps the dye emission spectrum, preferably
forming a non-compensatable spectral pattern. In a second
such embodiment, only the second fluorochrome peak emis-
sion spectrum overlaps the dye emission spectrum prefer-
ably forming a non-compensatable spectral pattern. In a
third such embodiment, the first and second peak emission
spectra overlap, preferably forming a non-compensatable
spectral pattern., but do not overlap the dye emission spec-
trum.

[0125] In a fourth such embodiment, all three emission
spectra overlap, preferably forming a non-compensatable
spectral pattern. In still other embodiments of all such
compositions, wherever there is an emission spectra overlap,
the overlap preferably forms a non-compensatable spectral
pattern.

[0126] In still other embodiments, a combination of more
than one “additional” antibody is employed. The antibodies
may be individually labeled with the same fluorochromes as
used on the other antibodies in the composition, or with
fluorochromes that have overlapping peak emission spectra
with those fluorochromes labeling other antibodies of the
composition and/or with the dye emission spectrum, or with
fluorochromes that do not overlap the peak emission spectra
of other fluorochromes or the dye emission spectrum in the
composition.

[0127] Desirably, the compositions and methods employ
only 1to 3 antibodies (i.e., 0, 1 or 2 “additional” antibodies).
However, other embodiments may employ more than 3
antibodies. Various embodiments of this aspect are illus-
trated in the Examples below.

[0128] Still other embodiments employ mixtures of anti-
bodies with or without the presence of a fluorescent dye. For
example, one such composition or kit contains a first anti-
body labeled with a fluorochrome having a first peak emis-
sion spectrum. The first antibody binds to an antigenic
determinant that is differentially expressed on populations of
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leukocytes and non-leukocytes in a sample. The composi-
tion also contains at least one additional antibody. In one
embodiment, the additional antibody binds to an antigenic
determinant that is differentially expressed on populations of
mature and immature granulocytes or myeloid cells and is
labeled with the same fluorochrome having the first peak
emission spectrum. In another embodiment the additional
antibody binds to an antigenic determinant that is differen-
tially expressed on populations of mature and immature
granulocytes or myeloid cells and is labeled with a “third”
fluorochrome having an emission spectrum that overlaps
with the first peak emission spectrum. In another embodi-
ment, the additional antibody that to an antigenic determi-
nant that is differentially expressed on populations of mature
and immature granulocytes or myeloid cells, and is labeled
with a fluorochrome having a “third” emission spectrum that
does not overlap with the first peak emission spectrum. In
any of these embodiments, a fluorescent dye is present
which has a dye emission spectrum that overlaps with the
peak emission spectrum of at least one of the fluorochrome-
labeled antibodies in the composition. At least one of the
above-mentioned overlaps forms a non-compensatable spec-
tral emission pattern. An optional lytic system that differ-
entially lyses non-nucleated RBCs in the sample and con-
serves the leukocyte populations in the sample may also be
included in this composition or kit.

[0129] One exemplary composition contains a first anti-
body meeting the description above and labeled with a first
fluorochrome, e.g., anti-CD45-PECy7; a second antibody
meeting the “additional antibody” description above and
labeled with the same, i.e., peak emission spectrum-over-
lapping first fluorochrome, e.g., anti-CD16-PECy7; and a
fluorescent dye, e.g., Acridine Orange. The peak emission
spectra of the two antibodies overlap in a non-compensating
manner because the fluorochromes are the same. Neither
antibody peak emission spectra overlaps with the peak
emission spectrum of Acridine Orange. See Example 5.

[0130] In another embodiment, a composition or kit con-
tains a first antibody that binds to an antigenic determinant
that is differentially expressed on populations of blood cells,
which “first” antibody is labeled with a fluorochrome having
a first peak emission spectrum, e.g., anti-CD435-PECy7. The
composition also contains a second antibody meeting the
“additional antibody” description above and labeled with a
first fluorochrome, e.g., anti-CD16-PECy7; and a lytic sys-
tem containing a lysing and quenching reagent. The peak
emission spectra of the two antibodies overlap in a non-
compensating manner because the fluorochromes are the
same. A composition containing these components is
designed for admixture into a single reaction mixture with a
biological sample, the mixture permitting the enumeration
of five to eight or more hematologic cell populations in the
sample. An example of this type of composition, which
contains no fluorescent dye, but does employ an optional
lytic system, is demonstrated in Example 1 below.

[0131] Inyet another embodiment, a composition contains
a first antibody meeting the description above and labeled
with a first fluorochrome, e.g., anti-CD45-PECy7; a second
antibody meeting the “additional antibody” description
above and labeled with a first fluorochrome, e.g., anti-CD16-
PECy7, so that the two antibodies have non-compensatable
overlapping peak emission spectra; a lytic system containing
a lysing and quenching reagent, and a fluorescent dye, e.g.,
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Acridine Orange, having a dye emission spectrum which is
not overlapped by the peak emission spectra of the fluoro-
chromes. Similar kit components may be included, as
described above. See Example 7.

[0132] In another embodiment a composition contains a
first antibody meeting the description above and labeled
with a first fluorochrome, e.g., anti-CD45-PECy7 having a
“first” peak emission spectrum; a second antibody meeting
the “additional antibody” description above and labeled with
a fluorochrome with a different “second” peak emission
spectrum, e.g., anti-CD16-PE; and a fluorescent dye, e.g.,
Acridine Orange, having a dye emission spectrum that
overlaps the “second” peak emission spectrum. This overlap
results in a non-compensatable spectral pattern. This com-
position, if in the form of a kit may also contain suitable
packaging, glassware or container components and instruc-
tions for carrying out a method described herein, among
other items conventional to a kit. See Example 6.

[0133] In still another embodiment, a composition con-
tains a first antibody meeting the description above and
labeled with a first fluorochrome, e.g., anti-CD45-PECy7; a
second antibody, meeting the “additional antibody” descrip-
tion above and labeled with a second fluorochrome, e.g.,
anti-CD16-FITC; and a lytic system containing a lysing and
quenching reagent. Similar kit components may be included,
as described above.

[0134] Inyetanother embodiment, a composition contains
a first antibody meeting the description above and labeled
with a first fluorochrome, e.g., anti-CD45-PECy7; a second
antibody, meeting the “additional antibody” description
above and labeled with a second fluorochrome, e.g., anti-
CD16-PE; a lytic system containing a lysing and quenching
reagent, and a fluorescent dye, e.g., Acridine Orange. The PE
and AO emission spectra overlap to form a non-compensat-
able spectral pattern. Similar kit components may be
included, as described above. See Example 8.

[0135] Still another aspect of this composition or method
employs yet another additional antibody that binds to an
antigenic determinant that is differentially expressed on
populations of blood cells, which determinant is distinct
from that of any another antibody in the composition. This
additional antibody is labeled with a fluorochrome having a
second peak emission spectrum that does not overlap the
first peak emission spectrum. See, e.g., Examples 2-4. In yet
another aspect, a mixture of these variously described anti-
bodies is employed in the composition or method, without
the fluorescent dye.

[0136] Preferably, in compositions without the fluorescent
dye, one of the antibodies binds to an antigenic determinant
that is differentially expressed on populations of leukocytes
and non-leukocytes and another of the antibodies binds to an
antigenic determinant that is differentially expressed on
populations of mature and immature granulocytes or
myeloid cells. Examples of such antibodies and antigenic
determinants are described above in the paragraphs on
antibodies and in Examples 1-4. The lytic system of 1 to 3
reagents, as described above, is also optional for these
embodiments.

[0137] A specific embodiment of such a composition
includes a first antibody labeled with a fluorochrome having
a first peak emission spectrum, the first antibody binding to
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an antigenic determinant that is differentially expressed on
populations of leukocytes and non-leukocytes in a sample.
At least one additional antibody binds to an antigenic
determinant that is differentially expressed on populations of
mature and immature granulocytes or myeloid cells. The
additional antibody is labeled with the same fluorochrome
having the first peak emission spectrum; or with a fluoro-
chrome having a second peak emission spectrum that does
not overlap the first peak emission spectrum; or with a
fluorochrome having a second peak emission spectrum that
overlaps with the first peak emission spectrum, preferably to
form a non-compensatable spectral pattern. In a similar
embodiment a lytic system that differentially lyses non-
nucleated red blood cells present in the sample and con-
serves the leukocyte populations in the sample is also
employed.

[0138] In yet another embodiment, a composition or kit
consists of only two antibodies meeting the definitions
below, and an optional lytic system. No fluorescent dye is
used. One antibody binds to an antigenic determinant that is
differentially expressed on populations of blood cells, and is
labeled with a fluorochrome having a first peak emission
spectrum. The second antibody binds to an antigenic deter-
minant that is differentially expressed on populations of
blood cells, wherein the determinant is distinct from that of
the first antibody. The additional antibody is labeled with a
fluorochrome having a second peak emission spectrum that
does not overlap with the first peak emission spectrum. In
one embodiment, the specific antibodies selected for this
method enable the composition to identify at least seven
hematologic cell populations in a sample. The composition
may also employ a lytic system that differentially lyses
non-nucleated red blood cells present in the sample and
conserves the leukocyte populations in the sample.
Fxamples of this aspect are demonstrated in Examples 2
through 4 below.

[0139] Thus, in some embodiments, the first antibody or
antibodies is/are selected from among anti-CD435, anti-
CDl11a, anti-CD50, anti-CD18, anti-CD353, anti-CD62L or
combinations thereof. The second antibody or antibodies
is/are selected from one or a combination of an anti-CD16
capable of binding both antigens CD16¢. and CD16, anti-
CD16¢, anti-CD16p, anti-CD11b, anti-CD15, anti-CD35
anti-CD24, anti-CD10, anti-CD49d, anti-CD64, and anti-
CD87. In embodiments in which the fluorochromes on each
antibody do not have overlapping peak emission spectra,
such fluorochromes are preferably selected from among the
pairs previously identified listed above. In embodiments in
which the fluorochromes on each antibody do have peak
emission spectra which overlap in a non-compensatable,
non-separable manner, such fluorochromes may be the same
fluorochromes or the overlapping pairs previously identified
above.

[0140] In some embodiments, the above-described com-
positions are in the form of a kit containing the combination
of components described above generally or in the specified
embodiments. These embodiments contain any of the addi-
tional components described above, including more than one
additional antibody with the same or different, overlapping
or non-overlapping fluorochrome labels, a sphering agent or
other components mentioned above. In certain embodiment,
the compositions in the form of a kit also contain suitable
packaging, glassware or container components, reagents for
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labeling the antibodies with the fluorochromes, and instruc-
tions for carrying out the various methods described herein,
among other items conventional to a kit. A composition
containing these components is designed for admixture into
a single reaction mixture with a biological sample, the
mixture permitting the enumeration of at least five to eight
or more hematologic cell populations in the sample.

C. The Multiparametric High Throughput Hematology
Methods

[0141] Methods for the rapid identification and analysis of
cell populations, both normal and atypical, in a biological
sample are performed using the above-defined compositions
and the following steps. Preferably, the methods are fully
automated, although several steps may be performed manu-
ally, if necessary. The methods for the enumeration of cell
populations in a biological sample generally employ react-
ing in a single reaction mixture comprising the sample and
one of the compositions as described herein. In one embodi-
ment, the compositions may be added to the sample by first
adding only the antibody components, followed by other
components. The single reaction mixture is then contacted
with an optional lytic reagent that differentially lyses non-
nucleated red blood cells present in the sample and con-
serves the leukocyte populations and other nucleated popu-
lations in the sample. The resulting mixture is passed
through a sensing region in a cell analyzer that measures the
mixture for at least two parameters. In one embodiment, the
passing step a single step that measures the mixture for at
least two of the same or different parameters.

[0142] In one embodiment, this sensing region is a single
flow aperture in a flow hematology analyzer. The parameters
are selected from one or more channels of fluorescence, one
or more optical parameters, and one or more electrical
parameters, and combinations thereof. In one embodiment,
one of the parameters is fluorescence. Populations of hema-
tological cells in the sample are identified by analyzing at
least two parameters for each cell population.

[0143] 1. Method Employing Compositions with no Fluo-
rescent Dye
[0144] In one embodiment of a method described herein,

asingle reaction mixture is formed by reacting the biological
sample, e.g., about 10-200 ul, with the above described
compositions comprising a “first” antibody, e.g., about 0.1 to
about 2 pg. In one embodiment, about 100 pL of sample is
used. The binding of this first antibody to an antigenic
determinant on blood cells, e.g., a determinant that distin-
guishes between populations of leukocytes and non-leuko-
cytes, in the sample is distinguishable from its binding to red
blood cells and nucleated red blood cells. Optionally, an
above-described “additional” antibody, e.g., about 0.1 to
about 2 pg, labeled with either the same fluorochrome on the
first antibody or with a second fluorochrome having a
non-overlapping peak emission spectrum from that of the
first fluorochrome, is introduced into the mixture. In desired
embodiments employing two antibodies, the additional anti-
body permits the identification of different mature and
immature granulocytes or myeloid cells. It allows the vari-
ous types of immature cells to be distinguished from the
“normal” or mature white cells. Although in one embodi-
ment, the reaction mixture contains two antibodies, fewer or
greater antibodies (i.e., 3) may be employed. For example,
as described above, more than one additional antibody
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directed to an antigenic determinant that permits differen-
tiation between other groups of normal and atypical cells
(e.g., mature and immature granulocytes or myeloid cells),
with appropriate labels may also be included in the reaction
mixture. In certain embodiments, at least two of the fluo-
rochromes have overlapping emission spectra which form a
non-compensatable spectral pattern.

[0145] The components of the reaction mixture are
allowed to react by incubating at room temperature. Gen-
erally ambient temperature is employed, although the tem-
perature is not an issue. The incubation/reaction time range
is from about 15 seconds to about 15 minutes. The reaction
time for the reaction mixture of about 1 minute can be
achieved if one adjusts the individual antibody and reagent
concentrations, incorporating the use of sphering agents in
the formulation and optimizing mixing. This type of rapid
reaction time has been demonstrated in the laboratory and is
required for an automated high throughput system.

[0146] In this embodiment of a method, a lytic system,
with one or more reagents is introduced into the reaction
mixture. Preferably, this step involves a lyse/quench reac-
tion, which involves contacting a portion of the sample/
antibody mixture with a lytic system or lytic reagent, as
defined above, for about 4 to 10 seconds. The lytic system
differentially lyses any non-nucleated red blood cells present
in the sample while conserving the desired intrinsic and
extrinsic properties of the leukocyte populations. After sev-
eral seconds, the effect of the Iytic system is then retarded or
quenched with a quenching reagent as described and the
RBCs are lysed, leaving in the sample, the leukocytes, the
atypical cells, if any, and the nucleated RBCs. The quench-
ing reagent generally is in contact with the sample, while the
sample flows through the aperture in a cytometry/hematol-
ogy analyzer. This second reagent is thus in contact with the
mixture for at least a few seconds. Volumes of lytic reagent,
quench reagent, and fixation reagent, if desired, can be
readily selected by the person of skill in the art depending
upon the identity of the lytic system used. The incubation of
the reaction mixture and subsequent lytic and quenching
cycles are preferably fully automated.

[0147] The sample containing the antibodies and any of
the optional components, with or without lysed RBCs, is
then passed through a sensing region, e.g., a single flow
aperture in a transducer that is capable of making multiple
correlated measurements (electrical, fluorescent and optical)
on cells as they pass through a single aperture in the
transducer module. The transducer thus provides a quanti-
tative analysis of normal leukocytes and at least one (and
preferably more than one) subpopulation of atypical leuko-
cytes. As the cells pass through the transducer, multiple
correlated electrical, fluorescent and optical measurements
are made on each cell. The fluorescence of a cell is prefer-
ably measured within discrete, multiple wavelength ranges,
which are determined by the respective fluorescence emis-
sion spectra of the dyes or fluorochromes used to label the
antibodies which bind the cells. In one embodiment, the
fluorescence analysis permits the identification of leuko-
cytes from non-leukocytes in the sample, and permits the
identification of at least one atypical cell subpopulation.

[0148] The optical parameter is generally one of light
scatter, e.g., side scatter or forward light scatter. More than
one angle of light scatter may be used where only a single
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fluorochrome is employed. The angle of light scatter may be
selected from between about 10 to 70 degrees of light
scatter, i.e. medium angle light scatter (MALS); between
about 10 to 20 degrees of light scatters, i.e. lower medium
angle light scatter (LMALS); between about 20 and about 70
degrees, i.e., upper medium angle light scatter (UMALS) or
between about 80-100 degrees of light scatter, nominally
orthogonal, i.e. side scatter (SS), low angle forward light
scatter between about 2-18 degrees, and axial light loss or
absorbance.

[0149] The electrical parameter is generally direct current
electrical impedance measurement of volume (DC). Alter-
natively, the electrical parameter can be opacity, which is
calculated as the radio frequency of the cell over the DC
volume. These parameters are discussed and defined in
detail in commonly assigned U.S. Pat. No. 5,125,737, which
is incorporated herein by reference.

[0150] The above-described flow cytometric steps may be
performed manually, partly manually and partly automated,
or completely automated. One such automated flow cytom-
etry instrument is described in U.S. Pat. No. 6,228,652,
incorporated by reference herein, which discloses an auto-
mated instrument by which all of the aforementioned cell
characteristics, i.e., DC volume, RF conductivity (opacity),
light scatter and fluorescence characteristics, can be deter-
mined simultaneously, thereby obviating any need to corre-
late data gathered from separate transducers. The electrical
measurements consist of DC (direct current volume/imped-
ance) and RF (radio frequency). The optical measurements
include light scattering and fluorescence. The light scatter
measurements may consist of multiple angles of scatter
collected on each cell to include low, medium and high
forward angle measurements as well as right angle (90
degree/side scatter) measurements. The fluorescence mea-
surements are made by collecting the fluorescence emission
on two or three photomultiplier tubes or detectors (PMT).

[0151] Desirably useful in performing the analysis of the
various embodiments described herein are hematology
instruments that measure electrical, optical and fluorescence
parameters. See e.g., the instrument described in U.S. Pat.
No. 6,228,532, incorporated herein by reference. In an
exemplary embodiment, a 532 nm green diode laser is used
as the illumination source in a useful flow hematology
system. However, for one skilled in the art, lasers with
alternative emission lines, e.g., red laser such as 633 nm or
647 nm laser, blue lasers such as a 488 nm laser, can be
substituted and the fluorochromes adjusted appropriately.
Dyes may be tailored to the laser system.

[0152] The resulting data provides the information
required to determine an extended leukocyte differential
analysis. According to this method, each cell population is
identified by at least two parameters, taking advantage of
differing patterns of expression detectable in the fluores-
cence analysis of the fluorescence in the single reaction
mixture. For example, the two parameters may be a channel
of fluorescence and an optical parameter, such as side
scatter. Another two parameters that may be used to identify
a cell population may be two channels of fluorescence.
Another two parameters that may be used to identify a cell
population may be a channel of fluorescence and an elec-
trical parameter, e.g., DC. Another two parameters that may
be used to identify a cell population may be an optical
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parameter, e.g., SS, and an electrical parameter, e.g., DC.
Additional combinations of the measurements made on the
single reaction mixture are obvious to one of skill in the art,
depending upon the particular fluorochromes, dyes, antibod-
ies, optical and electrical parameters used in this method.
These analytical steps are desirably incorporated into algo-
rithms in an automated process.

[0153] For example, various cell populations can be iden-
tified by the following non-exclusive list of parameters
identified in Table 3, depending upon the variation of the
method used, the identity of the fluorochromes, antibodies,
dyes, lasers, etc.

TABLE 3

Cell Population Identified Parameters Used for Analysis

Lymphocytes DC + RLS; Florescence (FL) + SS
Monocytes DC + RLS; 8§ + FL

Granulocytes DC + RLS; FL + RLS; FL + SS; FL + FL
Eosinophils FL + SS; DC + RLS; FL + FL

Basaophils DC + RLS + RF; FL + SS

Blasts FS + FL; SS + FL; DC + FL
Immature Granulocytes S8+ FL; DC + FL; FL + FL

NRBC 2 angles FS; FS + FL; FL + FL
NK cells FL + 88; FL + DC; FL + TL
Atypical lymphocytes FL + FL; SS + FL

B Cells DC +TFL; 88 + FL; FL + FL
Non B Cells SS + FL; DC + FL

Blast Cell lineage FL + DC; FL + SS

Platelets FS + SS; FS + FL

Immature Platelets FS + FL
Reticulated RBCs DC +FL; FS + FL
Bands FL + SS

[0154] Inthe embodiment of the method described above,
this manipulation of the single reaction mixture permits the
enumeration of greater than five up to seven or more
hematologic cell populations in the sample.

[0155] Therefore, in an embodiment in which the first
antibody, e.g., anti-CD45 and at least one additional anti-
body, e.g., anti-CD16, are labeled with the same fluoro-
chrome (i.e., having identical peak emission spectra that
overlap to form a non-separable spectral pattern), in the
reaction mixture, after lysis, the various cell populations that
can be identified using the parameters of fluorescence and an
optical parameter or electrical parameter, and a new foot-
print pattern in the resulting histogram, include lympho-
cytes, monocytes, granulocytes, eosinophils, basophils,
blasts, immature granulocytes, and NRBC.

[0156] Still other uses of the methods of certain embodi-
ments demonstrate detection of nucleated red blood cells
(NRBCs) in a peripheral blood specimen using the corre-
lated multiparametric analysis of the methods described
herein. NRBCs appear intermingled with debris in RLS and
Opacity views. Since CD45 is expressed on cells of leuko-
cyte lineage but not erythroid cells, the NRBCs are located
within the CD45 negative population. Therefore NRBCs are
first segregated from other nucleated cell populations by
isolating the CDA45 negative events. NRBCs appear as a
CDA45 negative, low SS population that overlaps debris but
excludes other events such as aged or fragile leukocytes with
poor CD45 expression. The NRBCs can then be separated
from the debris by gating on the CD45 negative low SS
events and displaying them in various angles of light scatter
or electrical parameter in either single parameter or multi-
parameter views.
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[0157] As another example is an embodiment in which the
first antibody, e.g., anti-CD45 and at least one additional
antibody, e.g., anti-CD16, are labeled with different fluoro-
chromes. In certain embodiments, the two fluorochromes
have overlapping peak emission spectra which form a non-
compensatable spectral pattern. In the reaction mixture, after
lysis, the various cell populations that can be identified using
the parameters of fluorescence and an optical parameter or
electrical parameter to provide a histogram with a new
footprint, include the cells listed above including NK cells.

[0158] As another example, the first antibody, e.g., anti-
CD45 and an additional antibody, e.g., anti-CD16, are
labeled with the same fluorochrome (i.e., resulting in a
non-compensatable spectral pattern), and another additional
antibody, e.g., anti-CD19 is labeled with a different fluoro-
chrome having a distinguishable emission spectra. In the
reaction mixture, after lysis, the various cell populations that
can be identified in a method described herein using the
parameters of fluorescence and an optical parameter or
electrical parameter, including a histogram showing a new
footprint, include cells identified above as well as B cells,
non-B cells and blast cell lineage.

[0159] Embodiments of methods described herein can
differentially identify the five mature leukocyte populations
normally found in peripheral blood (lymphocytes, mono-
cytes, granulocytes, eosinophils & basophils), as well as
identify hematopoietic cells that lack the expression of
CD45, such as cells of the erythroid and megakaryocytic
lineages; and identify the most undifferentiated cells, such as
stem cells and blasts.

[0160] In an embodiment wherein three monoclonal anti-
bodies and two fluorochromes, e.g., anti-CD16 fluorescence
in conjunction with anti-CD19 and anti-CD45, conjugated to
a different fluorochrome, are employed with the additional
“sizing” parameter, the method identifies B cells, NK cells,
and non-B/non-NK (T) cells; identifies and subcategorizes
blasts into at least two groups (B lymphoblasts and non-B
lymphoblasts), categorizes benign lymphoproliferative pro-
cesses into B, NK and non-B/NK processes; identifies and
distinguishes between B cell chronic and B cell acute
lymphoproliferative processes; and identifies subsets of
atypical lymphocytes that represent acute or chronic B cell
neoplasms.

[0161] A particular example of this embodiment is
described below in Example 10. The single reaction mixture
included optimal concentrations of anti-CD45-PCS5 (Phyco-
erythrin-Cyanine 5) as the first antibody, and used additional
antibodies, anti-CD19-PE (Phycoerythrin), anti-CD16-PE.
A variety of substitutions or additions to the monoclonal
cocktail are possible to produce the same or similar sets of
data as described in Example 10.

[0162] 2. Method Involving a Single Reaction Mixture
With a Fluorescent Dye

[0163] Inanother embodiment, a single reaction mixture is
formed by reacting the biological sample with a fluorescent
dye having a characteristic dye emission spectrum and an
above-described “first” antibody labeled with a fluoro-
chrome having a first peak emission spectrum. Various
additional embodiments may employ an above-described
“additional” antibody, labeled with either the same fluoro-
chrome as on the first antibody or with a second fluoro-
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chrome having a second peak emission spectra from that of
the first fluorochrome, in the same manner as described in
the first method described above. As described above in the
various compositions, at least two of the first peak emission
spectrum, the dye emission spectrum and the optional sec-
ond peak emission spectrum overlap to form a non-com-
pensatable spectral pattern.

[0164] In one embodiment of this method, the fluorescent
dye is introduced into the reaction mixture at a concentration
of about 10 puL. of a 0.5 pg/mL to about 20 pg/mL solution.
Lower or higher concentrations are possible if one adjusts
the antibody concentrations, blood volumes, incubation and/
or mixing times, appropriately. This fluorescent dye has a
dye emission spectrum that may or may not overlap with the
peak emission spectrum of at least one fluorochrome-labeled
antibody in the single reaction mixture. Preferably, the peak
emission spectra of at least one fluorochrome i S label(s) on
at least one antibody in the mixture overlaps the dye
emission spectra to form a new spectral pattern that is
non-compensatable. The resulting fluorescence signals
detected in any channel of the detection system are charac-
teristic of either the fluorescence emission of the dye alone,
the fluorochrome conjugated antibody(s) alone, or the non-
compensatable product of the additive fluorescence of the
dye and at least one fluorochrome conjugated antibody(s).

[0165] These components of the reaction mixture are
permitted to react under the same conditions as described
above for the first method embodiment. In this present
embodiment, the lytic system may be omitted from the
reaction mixture, or it may be added to the reaction mixture
as described for the embodiment above. Omission of the
Iytic system from this method permits the enumeration of
non-nucleated cell parameters, such as reticulated RBCs or
reticulated RBC hemoglobin or megakaryocytes or platelets,
if desired.

[0166] The resulting single reaction mixture containing
the sample, the antibodies, the fluorescent dye, with or
without lysed RBCs is then passed through a sensing region
of a cell analyzer. Preferably, such a sensing region is a
single flow aperture in a transducer that is capable of making
multiple correlated measurements (electrical and optical)
simultaneously on cells as they pass through a single aper-
ture in the transducer module. The operation of the flow
cytometer is as described above, and analysis is then made
of the cell populations in the sample based upon use of two
of the parameters (fluorescence, optical and electrical) per
population, also as described above. A new footprint is
detectable in a histogram as described heretofore.

[0167] In one embodiment the parameters used for this
evaluation include forward and side scattered light and a
minimum of at least two channels of fluorescence. The
fluorescence emission pattern in each of the collected chan-
nels is representative of either the dye alone, the fluoro-
chrome conjugated monoclonal antibody alone, or the spec-
tral addition of the dye and at least one of the fluorochrome
conjugated monoclonal antibodies in the reaction mixture.
However, the method might also employ the VCS param-
eters of impedance (DC) and conductivity (RF) along with
light scatter and fluorescence measurements. As indicated
above, a number of suitable lasers may be employed to
excite the fluorescence, including a 488nm blue argon laser,
a green 532 nm laser, or a red laser (633 nm, 635 nm, 640
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nm or 644 nm) if the dye is a red excitable dye used in
combination with antibodies conjugated to red excitable
fluorochromes.

[0168] In the embodiment of the method described above,
this manipulation of the single reaction mixture permits the
enumeration of at least six to seven or more hematologic cell
populations in the sample. The collected multiparametric
data is then analyzed and two parameters per cell population
are employed to identify each cell population. For example,
at least one size parameter (FS, SS, or DC) in combination
with at least one channel of fluorescence data or alterna-
tively two channels of fluorescence data are used to produce
an extended differential analysis. The cell populations that
are identified by this method include at least the following
populations: lymphocytes, monocytes, neutrophils, eosino-
phils, basophils, NRBCs, blasts, immature granulocytes,
atypical/variant lymphocytes. Additional cell populations
that are identifiable using embodiments of the methods
described herein include hematopoietic stem cells, hemat-
agones, blast lineage, myeloid maturity index, RBC maturity
index, myeloid to erythroid ratio and fragile white cell
fractions, NK cells, bands, etc.

[0169] With regard to the specific embodiments described
herein and in the examples below, substitutions or additions
to the monoclonal antibodies contained in the mixture can be
made without affecting the ability to produce the same or
similar sets of data. The fluorochromes conjugated to spe-
cific antibodies can also be changed so that any of the
fluorochromes in Table 1 or 2 are utilized, or the non-
compensatable fluorochromes identified above, that overlap
other portions of the fluorescent dye emission spectrum are
used. The dyes also exemplified in those tables are also used
in these embodiments. In certain embodiments, one or more
pairs of non-compensatable dyes and fluorochromes in
Tables 1 and 2 are employed in this method. Additionally,
the antibodies can have different conjugates so that indi-
vidual antibodies overlap different portions of the dye emis-
sion spectrum. The RBC lytic reagent can also vary with the
primary requirement being the conservation of the antigenic
determinants on the cells of interest and the conservation of
the desired intrinsic properties of the cells of interest. These
alterations to the described reagent system can be employed
by one who is skilled in the art without compromising the
ability to obtain substantially the same results.

[0170] As one embodiment described herein and illus-
trated in Example 15, one antibody is employed, anti-CD16,
labeled with PE. The nucleic acid dye Acridine Orange has
a dye emission spectrum that overlaps with the peak emis-
sion spectrum of PE to form a non-compensatable spectral
pattern. A lytic system is also employed. Following the
method, 7 cell populations are identified using the single
antibody and overlapping nucleic acid dye. Similarly,
Example 16 demonstrates the use of a single antibody, e.g,,
anti-CD45-PE, with a peak emission spectrum overlapping
the dye emission spectrum, and a lytic system, with similar
results. FIGS. 11A and 11B identify the enumerated cell
populations.

[0171] As an example, the first antibody, e.g., anti-CD45
and at least one additional antibody, e.g., anti-CD16, are
labeled with the same fluorochrome (i.e., overlapping peak
emission spectra that form a non-separable spectral emission
pattern), and the fluorescent dye Acridine Orange is added to
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the reaction mixture, without lysis. The various cell popu-
lations that can be identified using the parameters of fluo-
rescence and an optical parameter or electrical parameter,
include those identified previously, and further including
platelets, reticulated platelets, and reticulated RBCs.

[0172] Another example provides the first antibody, e.g.,
anti-CD45 and at least one additional antibody, e.g., anti-
CD16, labeled with the same fluorochrome. The nucleic acid
dye Acridine Orange is added to the reaction mixture with
the Iytic system. The various cell populations that can be
identified using the parameters of fluorescence and an opti-
cal parameter or electrical parameter, include lymphocytes,
monocytes, granulocytes, eosinophils, basophils, immature
granulocytes, blasts, NRBCs, NK cell and atypical or variant
lymphocytes.

[0173] Another example provides the first antibody, e.g.,
anti-CD45 and at least one additional antibody, e.g., anti-
CD16, labeled with different fluorochromes. The nucleic
acid dye Acridine Orange is added to the reaction mixture,
with the Iytic system. The various cell populations that can
be identified using the parameters of fluorescence and an
optical parameter or electrical parameter, include lympho-
cytes, monocytes, granulocytes, eosinophils, basophils,
immature granulocytes, blasts, NRBCs, NK cell, atypical or
variant lymphocytes, activated monocytes, and bands.

[0174] The examples below further illustrate other
embodiments of this variation of the method and illustrate
the identification of multiple cell populations in the samples.

[0175] As one of skill in the art can readily determine from
the teachings herein, many other variations of these methods
can be exemplified by using different fluorescence, optical
and electrical parameter pairs and selected antibodies, fluo-
rochromes and dyes, as well as other optional components
for the reaction mixtures. These variations are readily appar-
ent from the above descriptions. All variations to the
described method are expected to be obvious to the person
of skill in the art, based on the disclosure herein and the
information known in the art.

[0176] A minimalist approach is thereby demonstrated in
the number of transducers, hardware, fluorochromes and
monoclonal reagents used to perform an extended cell
differential in a single analytical process. The methods
described herein offer many advantages or improvements
over current methods of hematological analysis. Among
these advantages are a more robust, extended differential
that can include from 7, 8, 9, 10 to about 11 cell populations
identified in a single reaction mixture. These methods offer
more and alternative means for determining the basic dif-
ferential, i.e., to apply an algorithm to the cell populations,
e.g., lymphocytes, monocytes, neutrophils, eosinophils and
basophils such as in the illustrated figures referenced herein.
This opportunity is particularly important when the signifi-
cant cells in the biological specimen are in the presence of
conditions that may interfere with one particular approach to
population determinations. For example, such interfering
conditions occur with certain types of chemical interference,
age, cell fragility, and/or the presence of atypical cell types
that obscure the evaluation of a normal S-part differential.

[0177] The ability to positively identify cells by multi-
parametric electrical and optical measurements in a single
analysis vastly improves the ability to positively identify and

Nov. 30, 2006

select for additional clinically relevant blood cell popula-
tions, such as atypical cell types. Such selection eliminates
the high false positive or false negative determinations that
plague current methods of hematological analysis.

[0178] The methods described herein further extend the
ability to provide new information that cannot be obtained
by the parametric limitations on current hematology analyz-
ers. The automation of these analyses substantially improves
the efficiency of the hematology laboratory by eliminating
unnecessary labor and more efficiently directing the work-
flow for further testing and analysis.

EXAMPLES

[0179] The following examples illustrate various aspects
of the invention. These examples do not limit the scope of
this invention that is defined by the appended claims.

[0180] The following Examples 1-9 employ two antibod-
ies: anti-CD45 and anti-CD16. Examples 10-13 employ one
antibody, either anti-CD45 or anti-CD16. The CD45 antigen
is expressed by most cells in the leukocyte lineage but not
expressed on other hematopoietic cells such as erythrocytes
and megakaryocytes. It is also known to display differential
expression within the leukocytes so that lymphocytes
exhibit relatively high expression, whereas basophils have
lower expression. Expression of the CD45 antigen can also
vary as a function of leukocyte maturation level with blasts
or stem cells expressing less CD45 antigen than their mature
counterparts. Therefore, the combination of AO fluorescence
and anti-CD45 fluorescence, in conjunction with light scat-
ter and/or an electrical measurement, such as DC, can be
used to (1) differentially identify the leukocyte populations
normally found in peripheral blood (lymphocytes, mono-
cytes, granulocytes, eosinophils & basophils) (2) identify
hematopoietic cells that lack the expression of CD45 such as
cells of the erythroid and megakaryocytic lineages (3) and
identify the most undifferentiated cells, such as stem cells
and blasts.

[0181] In contrast, the distribution of the CD16 antigen is
more restricted with regard to leukocyte expression. The
CDI16 antigen has two isoforms, CD16 alpha and CD16
beta. CD16 beta is expressed strongly on segmented neu-
trophils and bands and poorly or not at all on other leuko-
cytes. CD16 alpha follows a similar pattern of expression
except that it is also expressed on a subset of leukocytes
classified as natural killer cells and activated monocytes.
This method allows for enhanced separation between neu-
trophils and eosinophils in a sample that has CD16 added
compared to the spatial separation observed in the absence
of CDI16. This enhanced separation is obtained because
mature segmented neutrophils express the CD16 antigen but
eosinophils have either less or no CD16 antigen present.
Therefore CD16 can be used to enhance the separation in
these two populations. The CD16 antigen is also more
weakly expressed or absent on immature granulocytes
(metamyelocytes, myelocytes and promyelocytes) than on
neutrophils.

[0182] Therefore, the separation and identification of vari-
ous nucleated cell populations can be achieved by the use of
anti-CD16 in the methods described herein. The presence of
these populations may differ in the views of the different
fluorescence channels. Various embodiments of the methods
and compositions described herein thus provide the ability to
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have multiple analytical strategies or algorithms for identi-
fication and enumeration of the desired cell types.

[0183] Therefore, in conjunction with AO fluorescence,
anti-CD45 fluorescence, light scatter and/or electrical mea-
surements, anti-CD16 fluorescence can identify and distin-
guish between differentiated myeloid cells, immature
myeloid precursors and stem cells or blasts. Because the
CD16 antigen may be more conserved than the intrinsic
properties of neutrophils, it can also be used to identify
degranulated(ing) neutrophils such as may occur due to age,
therapeutic treatments and certain hypogranular conditions.
In addition, natural killer cells and activated monocytes can
be identified.

Example 1

[0184] A single reaction mixture was prepared by reacting
100 pL of normal human peripheral blood with about 1 pg
of anti-CD45-PC7, i.e., a first antibody labeled with a first
fluorochrome having a first emission spectrum, the first
antibody binding to an antigenic determinant that is differ-
entially expressed on populations of leukocytes and non-
leukocytes and about 1 pg of anti-CD16-PC7, ie., an
additional antibody labeled with same fluorochrome having
the same emission spectrum. The anti-CD16 antibody binds
to an antigenic determinant that is differentially expressed
on populations of mature and immature granulocytes or
myeloid cells. This reaction mixture is mixed briefly and
incubated at room temperature for approximately 10 min-
utes. The reaction was performed in the absence of a
fluorescent dye.

[0185] This reaction mixture is then reacted for about 8
seconds with the lytic system (about 600 uL of Immuno-
prep™ reagent A; see U.S. Pat. No. 5,030,554) that differ-
entially lyses the non-nucleated red blood cells in the blood
specimen while conserving the desired intrinsic and extrin-
sic properties of the nucleated cell populations including
leukocytes and nucleated red blood cells. After about 8
seconds, the quenching reagent (Immunoprep™ reagent B;
265 uL) is introduced into the mixture for 10 seconds, to
terminate the lytic reaction. No fixation was used.

[0186] Thereafter, the mixture is allowed to flow into a
transducer module that is capable of making multiple cor-
related measurements (fluorescent and optical) on cells as
they pass through a single aperture in the transducer module.
This flow cytometry system is capable of measuring 5
channels of fluorescence in combination with side scatter
(90 degrees) and forward scatter (2-18 degrees). The system
utilizes a blue argon ion laser as an excitation source for the
fluorescence detection, although the method can also
employ a green laser excitation source and obtain equal or
better results.

[0187] The results of this exemplary hematological ana-
lytic process are displayed in dual parameter histograms of
FIG. 1A (displaying results of FS+SS, permitting identifi-
cation of 3 cell populations), FIG. 1B (displaying FL, of PC7
vs. SS, permitting identification of 5 cell populations), and
FIG. 1C (displaying FL of PC7 vs. FS, permitting identi-
fication of 3 cell populations), as described above in figure
descriptions. The analysis is performed offline on listmode
data files of each acquisition using commercially available
software such as RXP or CXP software (Beckman Coulter,
Inc.) or Winlist™ software (Verity Software), or freeware
such as WinMD1 software.
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[0188] More two parameter combinations than are shown
can be used in the determination of cell populations. The
figures are simplified for ease of presentation as two-
dimensional scattergrams. The figures demonstrate that the
monoclonal cocktail in conjunction with other optical
parameters provide a much more hardy and robust differ-
ential. Multiple views are provided by this method in which
basophils can be identified. With regard to extended differ-
ential cell types, the area where blasts would be expected to
appear may be observed in a log CD45 vs. SS view. In this
dimension, as well as in alternative light scatter dimensions,
blasts would not obscure the presence of normal cell types
and therefore both the 5-part differential and blast detection/
enumeration can be performed. Blasts are sometimes
described as atypical lymphocytes upon manual examina-
tion. The categorization of cells as atypical lymphocytes is
quite broad (blasts, CLLs, reactive and or activated lym-
phocytes) and this description is usually a signal to initiate
further clinical testing. The characterization of blasts dem-
onstrates distinct patterns that differentiate them from other
types of cells in the peripheral blood. These include, but are
not restricted to, low to no expression of the CD45 antigen,
increased light scatter and increased electrical impedance
(DC) as compared to normal small lymphocytes. Therefore,
blasts that are described morphologically as atypical lym-
phocytes or any other description can be identified as blasts
by the present method. Chronic lymphocytic leukemias are
often but not always described morphologically as atypical
lymphocytes.

[0189] Since immature granulocytes express CD16 poorly
or not at all, mature and immature granulocytes can be
differentiated from each other as well as other cell types
including NK cells and activated monocytes.

Example 2

[0190] A single reaction mixture was prepared by reacting
100 pL of normal human peripheral blood with about 1 pg
of anti-CD45-PE, i.e., a first antibody labeled with a first
fluorochrome having a first emission spectrum, the first
antibody binding to an antigenic determinant that is differ-
entially expressed on populations of leukocytes and non-
leukocytes and about 1 pg of anti-CD16-PC7, i.e., an
additional antibody labeled with a second fluorochrome that
has an emission spectrum distinguishable from the emission
spectrum of the fluorochrome PE. The anti-CD16 antibody
binds to an antigenic determinant that is differentially
expressed on populations of mature and immature granulo-
cytes or myeloid cells. This reaction mixture is mixed briefly
and incubated at room temperature for approximately 10
minutes. The reaction was performed in the absence of a
fluorescent dye.

[0191] This reaction mixture is then reacted for about 8
seconds with the lytic system (about 600 puL of Immuno-
prep™ reagent A; see U.S. Pat. No. 5,030,554) that differ-
entially lyses the non-nucleated red blood cells in the blood
specimen while conserving the desired intrinsic and extrin-
sic properties of the nucleated cell populations including
leukocytes and nucleated red blood cells. After about 8
seconds, the quenching reagent (Immunoprep™ reagent B;
265 ul) is introduced into the mixture for 10 seconds, to
terminate the lytic reaction. No fixation was used.

[0192] Thereafter, the mixture is allowed to flow into a
transducer module that is capable of making multiple cor-
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related measurements (fluorescent and optical) on cells as
they pass through a single aperture in the transducer module.

[0193] The results of this exemplary hematological ana-
lytic process are displayed in the dual parameter histograms
of FIGS. 2A thru 2C. FIG. 2A is a two parameter histogram
displaying CD45-PE fluorescence vs. side scatter (SS). At
least four cellular populations are identified and enumerated
in this display: lymphocytes, monocytes, basophils and a
cluster of granulocytes containing eosinophils and neutro-
phils. FIG. 2B is a two parameter histogram displaying
fluorescence of CD16-PC7 vs. side scatter (SS). At least four
cellular populations are identified and enumerated in this
display: neutrophils, monocytes, eosinophils and a cluster
containing natural killer cells and/or activated lymphocytes.
FIG. 2C is a two parameter histogram displaying CD16-
PC7 fluorescence vs. CD45-PE fluorescence. At least four
cellular populations are identified and enumerated in this
display: lymphocytes, neutrophils, a cluster containing eosi-
nophils and monocytes and an additional bimodal cluster
containing natural killer cells and/or activated lymphocytes.

Example3

[0194] A single reaction mixture was prepared by reacting
200 pL of normal human peripheral blood with about 1 pg
of anti-CD45-PCS5, i.e., a first antibody labeled with a first
fluorochrome having a first emission spectrum, the first
antibody binding to an antigenic determinant that is differ-
entially expressed on populations of leukocytes and non-
leukocytes and about 1 ug of anti-CD16-PE, i.e., an addi-
tional antibody labeled with a second fluorochrome that has
an emission spectrum distinguishable from the emission
spectrum of the fluorochrome PCS5. The anti-CD16 anti-
bodybinds to an antigenic determinant that is differentially
expressed on populations of mawre and immature granulo-
cytes or myeloid cells. This reaction mixture is mixed briefly
and incubated at room temperature for approximately 10
minutes. The reaction was performed in the absence of a
fluorescent dye.

[0195] A portion (about 34 uL) of this reaction mixture is
then reacted for about 6 seconds with the lytic system (about
556 ul of the Synlyse system; see U.S. Pat. No. 6,573,102
and 5,763,280) that differentially lyses the non-nucleated red
blood cells in the blood specimen while conserving the
desired intrinsic and extrinsic properties of the nucleated cell
populations including leukocytes and nucleated red blood
cells After about 6 seconds, the quenching reagent (Stabil-
yse; 240 uL) is introduced into the mixture for 10 seconds,
to retard the lytic reaction. No fixation was used.

[0196] Thereafter, the mixture is allowed to flow into a
transducer module that is capable of making multiple cor-
related measurements (electrical, fluorescent and optical) on
cells as they pass through a single aperture in the transducer
module (see U.S. Pat. No. 6,228,652).

[0197] FIGS. 3A thru 3C are dual parameter histograms
displaying the results of this experiment. FIG. 3A displays
DC (Impedance) vs. Median Angle Light Scatter (MALS)
which is a forward angle of light scatter from approximately
20 to 40 degrees. At least four cellular populations are
identified and enumerated in this display: lymphocytes,
monocytes, neutrophils and eosinophils. FIG. 3B displays
CD45-PC5 fluorescence vs. Opacity (OP) where OP=Radio
Frequency (RF)/Impedance (DC) following removal of the
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neutrophils and eosinophils by gating them out from histo-
gram FIG. 3A. Three cellular populations are identified and
enumerated: activated lymphocytes, activated monocytes
and basophils. FIG. 3C displays CD16-PE fluorescence vs.
RF. Three cellular populations are identified and enumerated
in this display: lymphocytes, monocytes and neutrophils.

Example4

[0198] A single reaction mixture was prepared by reacting
200 uL of a human peripheral blood specimen containing
immature granulocytes and bands, with about 1 pg of
anti-CD45-PCS5, i.e., a first antibody labeled with a first
fluorochrome having a first emission spectrum, the first
antibody binding to an antigenic determinant that is differ-
entially expressed on populations of leukocytes and non-
leukocytes and about 1 pg of anti-CD16-PE, i.e., an addi-
tional antibody labeled with a second fluorochrome that has
an emission spectrum distinguishable from the emission
spectrum of the fluorochrome PCS5. The anti-CD16 antibody
binds to an antigenic determinant that is differentially
expressed on populations of mature and immature granulo-
cytes or myeloid cells. This reaction mixture is mixed briefly
and incubated at room temperature for approximately 10
minutes. The reaction was performed in the absence of a
fluorescent dye.

[0199] A portion (about 34 pL) of this reaction mixture is
then reacted for about 6 seconds with the lytic system (about
556 ul of the Synlyse system; see U.S. Pat. No. 6,573,102
and 5,763,280) that differentially lyses the non-nucleated red
blood cells in the blood specimen while conserving the
desired intrinsic and extrinsic properties of the nucleated cell
populations including leukocytes and nucleated red blood
cells. After about 6 seconds, the quenching reagent (Stabil-
yse; 240 uL) is introduced into the mixture for 10 seconds,
to retard the lytic reaction. No fixation was used.

[0200] Thereafter, the mixture is allowed to flow into a
transducer module that is capable of making multiple cor-
related measurements (electrical, fluorescent and optical) on
cells as they pass through a single aperture in the transducer
module (see U.S. Pat. No. 6, 228,652).

[0201] FIGS. 4A thru 4D are dual parameter histograms
providing an analysis of this sample based on the methods
described herein. FIG. 4A displays DC (Impedance) vs.
Median Angle Light Scatter (MALS). At least four cellular
populations are identified and enumerated in this display:
lymphocytes, monocytes, eosinophils and a cluster contain-
ing neutrophils, bands and immature granulocytes. FIG. 4B
displays fluorescence of CD16-PE vs. SS. At least three
cellular populations are identified and enumerated: neutro-
phils, bands and a cluster containing natural killer cells
and/or activated lymphocytes. FIG. 4C displays DC vs.
MALS following removal of the neutrophils and bands by
gating them out from the histogram in FIG. 4B. At least four
cellular populations are identified and enumerated in this
display: lymphocytes, monocytes, eosinophils and immature
granulocytes. FIG. 4D displays fluorescence of CD45-PC5
vs. SS following removal of the neutrophils and bands by
gating them out from the histogram in FIG. 4B. At least five
cellular populations are identified and enumerated in this
display: lymphocytes, monocytes, eosinophils, basophils
and immature granulocytes.
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Example 5

[0202] A single reaction mixture was prepared by reacting
100 uL of normal human peripheral blood with about 1 pg
of anti-CD45-PC7, the first antibody, and about 1 ng of
anti-CD16-PC7, the additional antibody labeled with the
same fluorochrome. The antibody concentrations (about 1
pg each) are optimized based on titration of the individual
antibodies. Optimal concentrations were defined based upon
desired staining intensity and reaction kinetics. This reaction
mixture is mixed briefly and incubated at room temperature
for approximately 10 minutes. The reaction mixture was
then contacted with a fluorescent dye (Acridine Orange;
approximately 1.25 pg/mL), which has an emission spec-
trum that overlaps with the emission spectra of PC7. The dye
PC7 has a peak emission wavelength of approximately 770
nm when excited with a blue or green laser. In contrast, the
Acridine Orange emission spectrum extends from the low
500 nm range to greater than 755 nm when staining sub-
cellular elements in situ (when excited with a blue laser).
This is in contrast to the emission of Acridine Orange in
solution where the spectral emission is minimal to non-
existent at 700 nm. The overlap between the AO and PC7 is
compensatable. The overlapping peak emission spectra of
the two PC7 fluorochromes labeling the two different anti-
bodies form a non-compensatable spectral emission pattern.

[0203] This mixture was analyzed according to a method
described herein, but without lysing the red blood cells
present in the sample. The mixture was allowed to flow into
a transducer module that is capable of making multiple
correlated measurements (fluorescent and optical) on cells as
they pass through a single aperture in the transducer module.

[0204] FIGS. 5A thru 5C are dual parameter histograms
demonstrating the results. The RBCs are not apparent in the
histograms since they were purposely set below the elec-
tronic threshold of the system in order to emphasize the
quantity of white blood cell events collected. FIG. 5A
displays AO fluorescence at a wavelength of approximately
675 nm vs. SS. At least four cellular populations are iden-
tified and enumerated in this display: lymphocytes, mono-
cytes, eosinophils and neutrophils. FIG. 5B displays the
fluorescence of AO, CD16-PC7 & CD45-PC7 at a wave-
length of approximately 755 nm vs. SS. At least six cellular
populations are identified and enumerated: lymphocytes,
monocytes, neutrophils, eosinophils, basophils and a cluster
containing natural killer cells and/or activated lymphocytes.
FIG. 5C displays the fluorescence of AO, CD16-PC7 &
CD45-PC7 at a wavelength of approximately 755 nm vs. the
fluorescence of AO at a wavelength of approximately 675
nm. At least six cellular populations are identified and
enumerated: lymphocytes, monocytes, neutrophils, eosino-
phils, basophils and a cluster containing natural killer cells/
and or activated lymphocytes.

Example 6

[0205] A single reaction mixture was prepared by reacting
100 uL of normal human peripheral blood with about 1 pg
of anti-CD45-PC7 (the first antibody), and about 1 pg of
anti-CD16-PE (the additional antibody labeled with a fluo-
rochrome having a different emission spectrum from that of
PC7). The reaction mixture was then contacted with Acri-
dine Orange (approximately 1.25 pg/mL), which has an
emission spectrum that overlaps with the peak emission
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spectra of PE to form a non-compensatable spectral pattern.
This reaction mixture is mixed briefly and incubated at room
temperature for approximately 10 minutes.

[0206] The sample was then passed through a single flow
aperture in a flow hematology analyzer without lysing the
red blood cells present in the sample. The RBCs are not
apparent in the histogram displays as they were set below the
electronic threshold of the system in order to maximize the
quantity of white blood cell events displayed.

[0207] FIGS. 6A and 6B are dual parameter histograms
displaying the results of this experiment. FIG. 6A displays
AQ and CD16-PE fluorescence at a wavelength of approxi-
mately 575 nm vs. SS. At least five cellular populations are
identified and enumerated in this display: lymphocytes,
monocytes, eosinophils, neutrophils and a cluster containing
natural killer cells and/or activated lymphocytes. FIG. 6B
displays AO & CD45-PC7 fluorescence at a wavelength of
approximately 755 mn vs. SS. At least four cellular popu-
lations are identified and enumerated: lymphocytes, mono-
cytes, neutrophils, and basophils.

Example 7

[0208] A single reaction mixture was prepared by reacting
100 pL of an abnormal human peripheral blood specimen
with about 1 pg of anti-CD45-PC7, the first antibody, and
about 1 pg of anti-CD16-PC7, the additional antibody
labeled with the same fluorochrome. Therefore the two
antibodies have overlapping peak emission spectra. The
reaction mixture was then contacted with approximately
1.25 pg/mL of the fluorescent dye (Acridine Orange), which
has an emission spectrum that does not overlap (or only
overlaps in a compensatable or distinguishable manner) with
the emission spectra of PC7. This reaction mixture is mixed
briefly and incubated at room temperature for approximately
10 minutes.

[0209] This reaction mixture is then reacted for about 8
seconds with the lytic system (about 600 ul, of Immuno-
prep™ reagent A: see U.S. Pat. No. 5,030,554) that differ-
entially lyses the non-nucleated red blood cells in the blood
specimen while conserving the desired intrinsic and extrin-
sic properties of the nucleated cell populations including
leukocytes and nucleated red blood cells. After about 8
seconds, the quenching reagent (Immunoprep™ reagent B;
265 pL) is introduced into the mixture for 10 seconds, to
terminate the lytic reaction. No fixation was used.

[0210] Thereafter, the mixture is allowed to flow into a
transducer module that is capable of making multiple cor-
related measurements (fluorescent and optical) on cells as
they pass through a single aperture in the transducer module.

[0211] FIGS. 7A thru 7C are dual parameter histograms
displaying the results of this analysis. FIG. 7A displays AQ,
CD16-PC7 & CDA45-PC7 fluorescence at a wavelength of
approximately 755 nm vs. SS. At least six cellular popula-
tions are identified and enumerated in this display: lympho-
cytes, monocytes, neutrophils, basophils, blasts and a cluster
containing eosinophils and immature granulocytes. FIG. 7B
displays AO fluorescence at a wavelength of approximately
675 nm vs. SS. At least four cellular populations are iden-
tified and enumerated: eosinophils, a cluster containing
neutrophils and immature granulocytes, a cluster containing
lymphocytes and blasts and an additional cluster containing



US 2006/0269970 A1l

monocytes and blasts. FIG. 7C displays AO, CD16-PC7 &
CD45-PC7 fluorescence at a wavelength of approximately
755 nm vs. SS following removal of the eosinophils by
gating them out from FIG. 7B. At least six cellular popu-
lations are identified and enumerated in this display: lym-
phocytes, monocytes, neutrophils, basophils, blasts and
immature granulocytes.

Example 8

[0212] A single reaction mixture was prepared by reacting
100 pL of an abnormal human peripheral blood with about
1 pg of anti-CD45-PC7, the first antibody, and about 1 pg of
anti-CD16-PE, the additional antibody labeled with a fluo-
rochrome having a different peak emission spectrum from
that of PC7. The reaction mixture was then contacted with
approximately 1.25 pg/ml of Acridine Orange, which has an
emission spectrum that overlaps with the peak emission
spectra of PE to form a spectral pattern that is not compen-
satable or resolvable by optics or color compensation. This
reaction mixture is mixed briefly and incubated at room
temperature for approximately 10 minutes.

[0213] This reaction mixture is then reacted for about 8
seconds with the lytic system (about 600 uL of Immuno-
prep™ reagent A; see U.S. Pat. No. 5,030,554) that differ-
entially lyses the non-nucleated red blood cells in the blood
specimen while conserving the desired intrinsic and extrin-
sic properties of the nucleated cell populations including
leukocytes and nucleated red blood cells. After about 8
seconds, the quenching reagent (Immunoprep™ reagent B;
265 ul) is introduced into the mixture for 10 seconds, to
terminate the lytic reaction. No fixation was used.

[0214] Thereafter, the mixture is allowed to flow through
a single flow aperture in a flow hematology analyzer that is
capable of making multiple correlated measurements (fluo-
rescent and optical) on cells as they pass through a single
aperture in the transducer module.

[0215] FIGS. 8A thru 8C are dual parameter histograms
displaying the results of this experiment. FIG. 8A displays
AO fluorescence at a wavelength of approximately 525 nm
vs. SS. At least four cellular populations are identified and
enumerated in this display: lymphocytes, monocytes, neu-
trophils and eosinophils. FIG. 8B displays AO & CD16-PE
fluorescence at a wavelength of approximately 575 nm vs.
SS. At least six cellular populations are identified and
enumerated: lymphocytes, monocytes, eosinophils, neutro-
phils, immature granulocytes and a cluster containing natu-
ral killer cells and/or activated lymphocytes. FIG. 8C is a
two parameter histogram generated from the experiment
described in Example 8, displaying AO & CD45PC7 fluo-
rescence at a wavelength of approximately 755 nm vs. AO
fluorescence at a wavelength of approximately 525 nm. At
least five cellular populations are identified and enumerated:
a cluster containing lymphocytes and monocytes, basophils,
neutrophils, immature granulocytes and nucleated RBCs.

Example 9

[0216] A single reaction mixture was prepared by reacting
100 uL, of an abnormal human peripheral blood specimen
with about 1 pg of anti-CD45-PE, the first antibody, and
about 1 pg of anti-CD16-PC7, the additional antibody
labeled with a second fluorochrome having a different peak
emission spectrum than PE. The reaction mixture was then
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contacted with approximately 1.25 pg/ml of Acridine
Orange, which has an emission spectrum that overlaps with
the peak emission spectrum of PE to form a novel non-
compensatable spectral pattern. This reaction mixture is
mixed briefly and incubated at room temperature for
approximately 10 minutes.

[0217] This reaction mixture is then reacted for about 8
seconds with the lytic system (about 600 ul, of Immuno-
prep™ reagent A; see U.S. Pat. No. 5,030,554) that differ-
entially lyses the non-nucleated red blood cells in the blood
specimen while conserving the desired intrinsic and extrin-
sic properties of the nucleated cell populations including
leukocytes and nucleated red blood cells. After about 8
seconds, the quenching reagent (Immunoprep™ reagent B;
265 pL) is introduced into the mixture for 10 seconds, to
terminate the lytic reaction. No fixation was used.

[0218] Thereafter, the mixture is allowed to flow into a
transducer module that is capable of making multiple cor-
related measurements (fluorescent and optical) on cells as
they pass through a single aperture in the transducer module.

[0219] FIGS. 9A thru 9C are dual parameter histograms
displaying the results of this analysis. FIG. 9A displays AO
fluorescence at a wavelength of approximately 525 nm vs.
SS. At least four cellular populations are identified and
enumerated in this display: lymphocytes, monocytes, neu-
trophils and eosinophils. FIG. 9B displays AO & CD16-PC7
fluorescence at a wavelength of approximately 755 nm vs.
SS following removal of the eosinophils by gating them out
from FIG. 9A. At least five cellular populations are identi-
fied and enumerated: lymphocytes, monocytes, neutrophils,
immature granulocytes and a cluster containing natural killer
cells and/or activated lymphocytes. FIG. 9C displays AO &
CD16-PC7 fluorescence at a wavelength of approximately
755 nm vs. AO & CD45-PE fluorescence at a wavelength of
approximately 575 nm following removal of the eosinophils
by gating them out from FIG. 9A. At least six cellular
populations are identified and enumerated: lymphocytes,
monocytes, neutrophils, immature granulocytes, nucleated
red blood cells and a cluster containing natural killer cells
and/or activated lymphocytes.

[0220] In alternative assays in which anti-CD19 is
employed as one of the antibodies of the method (data not
shown), the effect of the presence of the anti-CD19 to
monoclonal is detected by the separation of the lymphocyte
population into B and non-B cell populations. In atypical
specimens this permits the observation of a distinction
between B cell and non-B cell blasts, chronic and acute B
cell disorders and the presence of atypical lymphocytes of B
cell lineage.

[0221] This method may be used to detect blasts. Several
optical and electrical parameters in conjunction with anti-
CD45 fluorescence expression provide the necessary sepa-
ration of blasts from normal cell types and debris, which is
required to make this determination. Anti-CD19 antibody
provides this method with the ability to categorize the blasts
as lymphoid blasts of B cell lineage based on the expression
of CD19. In exemplary abnormal blood specimens, the
blasts can demonstrate CD19 expression that is higher than
the non-B normal lymphocytes but equal to or less than that
of the normal B cells in this specimen. Using this informa-
tion, the blasts may be enumerated and categorized and then
gated out of other views so that the normal 5-part differential
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may be recovered. Other scattergrams may be generated on
similar abnormal samples to detect blasts distinctly from
debris and other cell types in the abnormal peripheral blood
specimen. The blasts may be further characterized as being
of non-B cell lineage. This is determined by scattergrams
showing that the blasts display CD19 expression that is
equal to or less than non-B cells.

[0222] Results from other analyses (not shown, but
described in U.S. Patent Application No. 60/573,167, incor-
porated herein by reference) are also summarized in the
examples below.

Example 10

[0223] The method of one embodiment was conducted on
four different biological specimens, i.e., (1) normal periph-
eral blood, (2) a B lymphoblastic leukemia specimen, (3) a
B chronic lymphocytic leukemia (BCLL) specimen contain-
ing mostly small lymphocytes and (4) a BCLL with pro-
lymphocytic transformation displaying a high percent of
large lymphocytes. The method employed three antibodies,
namely anti-CD45PECyS, anti-CD16PE and anti-CD19PE,
according to the method including the lytic system described
above in Examples 3 and 4. For each sample, five scatter-
grams were generated using the parameters as follows: DC
vs. RLS, DC vs. Opacity (RF), fluorescence of anti-
CDA45PECYyS vs. SS, fluorescence of anti-CD45PECy5Slog
vs. S8, and DC vs. fluorescence of CD16PE and CD19PE
(data not shown).

[0224] The scattergrams of the normal sample illustrated
the 5 normal populations of lymphocytes, basophils, eosi-
nophils, neutrophils and monocytes, as well as B cell and
non-B cell (lineage) populations.

[0225] The scattergrams of the B Cell lymphoblastic leu-
kemia sample containing blasts of B cell lineage enumerated
the normal 5 populations, as well as blasts, blasts of B-cell
lineage, NK cells. and other B cells, and non-B cell popu-
lations.

[0226] The scattergrams of the B Cell chronic lympho-
cytic leukemia sample containing 1% atypical lymphocytes
enumerated the normal 5 populations, as well as a popula-
tion of numerous small B lymphocytes that do not exhibit a
CDA45 blast pattern and non-B cell populations. The method
is able to correctly recategorize what the manual differential
regarded as atypical lymphocytes as abnormal B cells. These
leukemic cells may have a slightly lower CD45 expression
than normal lymphocytes and most often are composed of
small cells that also display impedance characteristics equal
to or lower than small lymphocytes. When normal lympho-
cytes are present in significant numbers, or these types of
CLL cells are present in relatively low numbers, this may
result in a double lymphocyte peak in DC as well as in
forward scatter. These cells, while slightly lower in CD45
expression, do not express the typical blast pattern
(extremely weak or negative CD45 and increased scatter).
Since these CLLs are almost always of B cell lineage
(greater than 98 or 99%), they appear as CD19 positive cells.

[0227] The scattergrams of the B Cell chronic lympho-
cytic leukemia sample containing 52% atypical lympho-
cytes, by manual differential, demonstrate the same effect of
recategorizing cells previously designated as atypical lym-
phocytes or blasts as abnormal large B cells. This less
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common variety of CLLs has a mixture of small and large
lymphocytes. As in the variety that is predominantly small
cells, these cells do not express the typical blast patterns that
have been demonstrated and are almost always CD19 posi-
tive. Therefore these cells may be distinguished from blasts
and other cell types found in peripheral blood by this
method.

[0228] Therefore, the method has the ability to detect and
identify blasts and this most prevalent variety of BCLL cells
from each other as well as the other cell types found in
peripheral blood. Non-BCLLs of this variety (small cells)
will also be detected but appear as CD19 negative. These
types of small cell CLLs may therefore also be described
(flagged) electronically as atypical lymphocytes. This
method therefore permits positive detection of the most
clinically significant varieties of atypical lymphocytes as
well as distinguishing between different forms of atypical
lymphocytes (blast vs. CLL cells) vs. activated cells. Thus
this method clarifies the diagnosis of these disorders.

[0229] Previous experiments compared the results of
pathology consultations based upon combining morphologi-
cal examination with special stains, chromosomal analysis
and leukemia phenotyping by traditional flow cytometry
with use of the method of an embodiment described herein.
Such comparison demonstrated that the method used herein
has an excellent ability to distinguish between blasts of B
cell and non-B cell lineages.

Example 11

[0230] An Extended Differential on a flow cytometry
based hematology system is obtained by forming a reaction
mixture as follows. 100 L of peripheral blood sample that
contains 18 percent immature granulocytes (9% myelocytes
and 9% metamyelocytes) is combined with AO, anti-CD45
PECy7 and anti-CD16 PECy7 in the same concentrations as
described in the Examples 5-9 above.

[0231] This reaction mixture is mixed briefly and incu-
bated at room temperature for approximately 10 minutes. At
the end of the incubation period the reaction mixture is
exposed to a lytic reagent (lyse and quench) to eliminate non
nucleated RBC from the analysis and then analyzed on a
flow cytometry system capable of measuring 5 channels of
fluorescence in combination with side scatter (90 degrees)
and forward angle scatter (2-18 degrees). The example
utilizes a blue argon ion laser as an excitation source for the
fluorescence detection.

[0232] The data (not shown) is displayed with side scatter
on the horizontal axis and fluorescence on the vertical axis.
In the 755 nm fluorescence channel immature granulocytes
can be identified as a population of cells with less fluores-
cence and greater side scatter than mature granulocytes. In
contrast the mature and immature granulocyte populations
have overlapping fluorescence signatures in the 525 nm and
675 nm channels. There is improved separation of mono-
cytes in the 675 nm channel compared to the spatial sepa-
ration observed in the 525 nm channel.

[0233] This improved separation of monocytes in the 675
nm channel was used to remove this population from the
histogram presented for the 755 nm channel. This technique
removed the monocyte population overlap and aided in the
identification and enumeration of mature and immature
granulocyte populations in the 755 nm channel.
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[0234] Thus, a method described herein is capable of
identifying monocytes, mature granulocytes and immature
granulocytes, as well as the other cell populations identified
in the preceding examples.

Example 12

[0235] An Extended Differential on a flow cytometry
based hematology system is obtained by forming a reaction
mixture as follows. 100 ul of peripheral blood sample that
contains predominantly blasts and a small number of lym-
phocytes is combined with AO, anti-CD45 PECy7 and
anti-CD16 PECy7 in the same concentrations as described in
Examples 5-9.

[0236] This reaction mixture is mixed briefly and incu-
bated at room temperature for approximately 10 minutes. At
the end of the incubation period the reaction mixture is
exposed to a lytic reagent (lyse and quench) to eliminate non
nucleated RBC from the analysis and then analyzed on a
flow cytometry system capable of measuring 5 channels of
fluorescence in combination with side scatter (90 degrees)
and forward angle scatter (2-18 degrees). The example
utilizes a blue argon ion laser as an excitation source for the
fluorescence detection.

[0237] Data from three selected fluorescence channels
(not shown) was displayed with side scatter on the horizon-
tal axis and fluorescence on the vertical axis. It is evident
from examination of the data in the 755 nm channel that
blasts appear as a cell population with less fluorescence than
lymphocytes but with a side scatter signature that is larger
than most small lymphocytes. This pattern is due to the
decreased expression of the CD45 antigen on blasts. It is
also evident from examining the data provided by the 525
nm and 675 nm channels that the blasts patterns are over-
lapping the lymphocyte population and do not appear as a
distinct population. In this example the blast specimen
demonstrates a bimodal distribution in these channels which
is due to the age or fragility of the specimen.

Example 13

[0238] An abnormal peripheral blood specimen containing
immature granulocytes and blasts was stained with AO and
CD45 PC7 and CD16PC7 (two different antibodies with the
same fluorochrome overlapping with AO in the 755nm
region) according to the methods described herein and using
the same concentrations as those of Example 5-9 above.
Both specimen examples were lysed using the Immuno-
prep™ reagent system and specimen preparation was the
same as that described in the prior examples.

[0239] The results of this analysis (not shown) indicate
that a method described herein is capable of identifying and
enumerating multiple cellular abnormalities in a single ana-
lytical evaluation.

Example 14

[0240] A normal peripheral blood specimen was stained
with AO and CD45 PC7 and CDI16PC7 (two different
antibodies with the same fluorochrome, i.e., overlapping
peak emission spectra which do not overlap with the emis-
sion spectrum of AQO) and using the same concentrations as
those of Examples 5-9 above. An aliquot of the same
specimen was stained with AO and CD45 PC7 & CD16 PE
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(i.e., one antibody labeled with PE, which has a peak
emission spectrum that overlaps the emission spectrum of
AO and forms a non-compensatable spectral pattern; and
one antibody labeled with PC7, which has a peak emission
spectrum that is distinguishable from the emission spectrum
of AO). Both specimen examples were lysed using the
Immunoprep™ reagent system and specimen preparation
was the same as that previously described.

[0241] The results (not shown) indicate a difference in
eosinophil/neutrophil separation depending upon the fluo-
rochrome to which the CD16 antibody is conjugated. This
demonstrates two distinct examples of the principal of
additive fluorescence and offers different analytical oppor-
tunities for detection and enumeration of normal and atypi-
cal cell populations.

Example 15

[0242] A peripheral blood specimen containing immature
granulocytes, nucleated red blood cells and blasts was
reacted with a composition comprising a single anti-CD16
antibody labeled with a fluorochrome (CD16-PE). The anti-
body binds to an antigenic determinant that is differentially
expressed on populations of mature and immature granulo-
cytes or myeloid cells. The composition includes a fluores-
cent dye (Acridine Orange) which has an emission spectrum
that overlaps with the antibody-PE peak emission spectrum
to form a non-compensatable spectral pattern. The reaction
mixture was then contacted with a lytic system that differ-
entially lyses non-nucleated red blood cells present in the
sample and conserves the nucleated cell populations includ-
ing leukocytes and nucleated red blood cells. The sample
was then passed through a single flow aperture in a flow
hematology analyzer.

[0243] The results are shown in the dual parameter histo-
gram of FIG. 10, which displays AO and CD16-PE fluo-
rescence at a wavelength of approximately 575 nm vs. SS.
At least seven cellular populations are identified and enu-
merated in this display: neutrophils, immature granulocytes,
eosinophils, a cluster containing natural killer cells and/or
activated lymphocytes, activated monocytes, monocytes,
nucleated red blood cells and a cluster containing lympho-
cytes, blasts and basophils.

Example 16

[0244] A peripheral blood specimen containing nucleated
red blood cells and blasts was reacted with an anti-CD45
antibody labeled with a fluorochrome (CD45-PE). The anti-
body binds to an antigenic determinant that is differentially
expressed on populations of leukocytes and non-leukocytes.
A fluorescent dye Acridine Orange, which has an emission
spectrum that overlaps with the peak emission spectrum of
PE so as to form a non-compensatable spectral pattern, is
included in the composition. The reaction mixture was then
contacted with a lytic system that differentially lyses non-
nucleated red blood cells present in the sample and con-
serves the nucleated cell populations including leukocytes
and nucleated red blood cells. The sample was then passed
through a single flow aperture in a flow hematology ana-
lyzer.

[0245] The results are depicted in FIGS. 11A and 11B,
which are two parameter histograms displaying AO fluores-
cence at a wavelength of approximately 525 nm vs. SS, and
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AO and CD45-PE fluorescence at a wavelength of approxi-
mately 575 nm vs. SS, respectively. FIG. 11A identifies and
enumerates at least four cellular populations: neutrophils,
eosinophils, monocytes, nucleated red blood cells, and a
cluster containing lymphocytes, blasts and basophils. FIG.
11B identifies and enumerates at least five cellular popula-
tions: lymphocytes, monocytes, basophils, blasts, nucleated
red blood cells and a cluster of granulocytes containing
neutrophils and eosinophils. Based upon the above data, by
using the combination of CD45-PE and Acridine Orange,
one can identify and enumerate at least seven discrete
cellular populations.

[0246] The above examples illustrate the principle of
additive fluorescence, including specifically the embodi-
ment in which an overlap between a fluorescent dye emis-
sion spectrum and the peak emission spectrum of a fluoro-
chrome, or an overlap between two fluorochromes, forms a
non-compensatable spectral pattern. Other examples of
additive fluorescence are also provided by the various com-
binations of labeled antibodies with and without the dye as
discussed herein. A new fluorescent footprint is a result of
the overlapping spectra and the combined cellular staining
patterns of the dyes and fluorochrome labeled antibodies
chosen for the composition. The new fluorescent footprint
results in histogram patterns that are useful for the identi-
fication of additional cell populations or subtypes in hema-
tological disease. Various methods described herein employ
the new footprint to obtain specific information. The use of
the compositions described herein can alter or enhance the
patterns in other fluorescence channels to obtain new infor-
mation.

[0247] In summary, novel analytical methods for deter-
mining comprehensive extended differentials are provided.
These methods combine the analytical advantages provided
by fluorescent dyes and monoclonal antibodies into a single
unified approach that is superior to either method alone.

[0248] All published documents, patents and patent appli-
cations, as well as the disclosures of the priority documents
recited above, are incorporated herein by reference. Numer-
ous conventional modifications and variations of the meth-
ods and compositions described herein are included in the
above-identified specification and are expected to be obvi-
ous to one of skill in the art. Such modifications and
alterations to the compositions and processes of the various
embodiments of the invention are believed to be encom-
passed in the scope of the claims appended hereto.

1. A composition or kit for differentially identifying cells
in an instrument comprising:

(a) a fluorescent dye capable of staining cells, which has
a dye emission spectrum;

(b) a first antibody that binds to an antigenic determinant
that 1s differentially expressed on populations of blood
cells, the antibody labeled with a fluorochrome having
a first peak emission spectrum; and

(¢) an optional additional antibody that binds to a second
antigenic determinant that is differentially expressed on
populations of blood cells, the antibody labeled with
the same fluorochrome or a different fluorochrome
having a second peak emission spectrum;
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wherein at least two spectra selected from the group
consisting of said dye emission spectrum of (a), said
peak emission spectrum of (b) and said peak emission
spectrum of (c) overlap, and wherein said overlap
forms a spectral pattern that cannot be separated by
optical or color compensation methods.

2. The composition according to claim 1, wherein said dye
emission spectrum of (a) overlaps said first peak emission
spectrum of (b) and said additional antibody (c) is absent or
is labeled with said same fluorochrome.

3. The composition according to claim 1, wherein said
first peak emission spectrum of (b) overlaps the second peak
emission spectrum of (c), and neither the first nor second
peak emission spectrum overlaps the dye emission spec-
trum.

4. The composition according to claim 1, wherein said dye
emission spectrum of (a) overlaps said second peak emission
spectrum of (c), and neither overlaps said first peak emission
spectrum of (b).

5. The composition according to claim 1, wherein said dye
emission spectrum (a) overlaps said first peak emission
spectrum of (b) and said second peak emission spectrum of
(c).

6. The composition according to claim 1, wherein the first
antibody (b) binds to an antigenic determinant that is dif-
ferentially expressed on populations of leukocytes and non-
leukocytes.

7. The composition according to claim 1, wherein the
additional antibody (¢) binds to a second antigenic determi-
nant that is differentially expressed on populations of mature
and immature granulocytes or myeloid cells.

8. The composition according to claim 1, further com-
prising more than one additional antibody (c).

9. The composition according to claim 6, wherein the
antibody that binds to an antigenic determinant that is
differentially expressed on populations of leukocytes and
non-leukocytes is an antibody selected from the group
consisting of anti-CD45, anti-CD1la, anti-CD30, anti-
CD18, anti-CD53, anti-CD62L and combinations thereof.

10. The composition according to claim 7, wherein the
antibody that binds to an antigenic determinant that is
differentially expressed on populations of mature and imma-
ture granulocytes or myeloid cells is an antibody selected
from the group consisting of anti-CD16 capable of binding
both antigens CD16a and CD16¢., anti-CD16a., anti-CD16,
anti-CD11, anti-CD13, anti-CD35 anti-CD24, anti-CD10,
anti-CD49d, anti-CD64, anti-CD87 and combinations
thereof.

11. The composition according to claim 1, wherein the
fluorescent dye has one or more characteristics selected from
the group consisting of a nucleic acid dye, a mitochondrial
dye, an enzyme substrate dye, a metachromatic dye, a
non-metachromatic dye, a cell-permeant dye, and a cell
impermeant dye.

12. The composition according to claim 1, further com-
prising a lytic system comprising one or more reagents that
differentially lyses non-nucleated red blood cells present in
a blood sample and conserves the platelets and nucleated
cell populations.

13. The composition according to claim 6, further com-
prising said fluorescent dye (a) wherein said dye emission
spectrum overlaps said first peak emission spectrum or said
second peak emission spectrum; and at least one additional
antibody (c) that binds to an antigenic determinant that is
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differentially expressed on populations of mature and imma-
ture granulocytes or myeloid cells.
14. A composition comprising

(a) a first antibody that binds to an antigenic determinant
that is differentially expressed on populations of blood
cells, the antibody labeled with a fluorochrome having
a first peak emission spectrum;

(b) a second antibody that binds to a second antigenic
determinant that is differentially expressed on popula-
tions of blood cells, said second antibody (b) labeled
with the same fluorochrome or a different fluorochrome
having a second peak emission spectrum that overlaps
said first peak emission spectrum, wherein said overlap
forms a spectral emission pattern that cannot be sepa-
rated by optical or color compensation methods; and

(c) an optional additional antibody that binds to a third
antigenic determinant that is differentially expressed on
populations of blood cells, the optional antibody
labeled with a fluorochrome having a third peak emis-
sion spectrum that does not overlap said first peak
emission spectrum.

15. The composition according to claim 14, wherein one
said antibody binds to an antigenic determinant that is
differentially expressed on populations of leukocytes and
non-leukocytes and one said antibody binds to an antigenic
determinant that is differentially expressed on populations of
mature and immature granulocytes or myeloid cells.

16. The composition according to claim 14, further com-
prising a lytic system that comprises one or more reagents
that differentially lyse non-nucleated red blood cells present
in a blood sample and conserves the platelets and nucleated
populations in the sample.

17. The composition according to claim 14, wherein said
first antibody (a) binds to an antigenic determinant that is
differentially expressed on populations of leukocytes and
non-leukocytes in a sample; wherein said second antibody
(b) and said optional additional antibody (¢) each indepen-
dently bind to an antigenic determinant that is differentially
expressed on populations of mature and immature granulo-
cytes or myeloid cells.

18. A method for the enumeration of cell populations in a
biological sample, the method comprising the steps of

(a) passing a mixture comprising the sample, a composi-
tion of claim 1, and an optional lytic reagent that
differentially lyses non-nucleated red blood cells
present in the sample through a sensing region in a cell
analyzer that measures the mixture for at least two of
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the same or different parameters selected from the
group consisting of one or more channels of fluores-
cence, one or more optical parameters, one or more
electrical parameters, and combinations thereof; and

(b) enumerating populations of cells in the sample by
analyzing at least two parameters for each of the
populations.

19. The method according to claim 18, wherein said
passing step comprises passing said mixture through a single
flow aperture in a flow hematology analyzer in a single step
that measures the mixture for at least two of said parameters.

20. The method according to claim 18, further comprising
retarding the effect of the lytic reagent by introducing an
additional reagent into the sample prior to the passing step.

21. The method according to claim 18, wherein the
passing step measures at least one channel of fluorescence.

22. The method according to claim 18, further comprising
contacting the reaction mixture with a sphering agent.

23. The method according to claim 18, wherein at least
one antibody binds to an antigenic determinant that is
differentially expressed on populations of leukocytes and
non-leukocytes and at least one antibody binds to an anti-
genic determinant that is differentially expressed on popu-
lations of mature and immature granulocytes or myeloid
cells.

24. The method according to claim 21, wherein the at least
one channel of fluorescence is excited with one of the group
consisting of a blue laser, a green laser, or a red laser.

25. A method for the enumeration of cell populations in a
biological sample, the method comprising the steps of

(a) passing a mixture comprising the sample, a composi-
tion of claim 14, and an optional lytic reagent that
differentially lyses non-nucleated red blood cells
present in the sample through a sensing region in a cell
analyzer that measures the mixture for at least two of
the same or different parameters selected from the
group consisting of one or more channels of fluores-
cence, one or more optical parameters, one or more
electrical parameters, and combinations thereof; and

(b) enumerating populations of cells in the sample by
analyzing at least two parameters for each of the
populations.

26. The method according to claim 25, wherein said
passing step comprises passing said mixture through a single
flow aperture in a flow hematology analyzer in a single step
that measures the mixture for at least two of said parameters.
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