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SOFTWARE INTEGRATED FLOW CYTOMETRIC ASSAY FOR
QUANTIFICATION OF THE HUMAN POLYMORPHONUCLEAR
LEUKOCYTE FeyRI RECEPTOR (CD64)

Field of the Invention:

This invention relates to the field of cell surface antigens and quantitation of
expression, in particular CD64 and CD163, which can be quantified using flow
cytometric instrumentation, fluorescent labeled antibodies, microbead standards and

integrated software.

Background:

Sepsis is a significant health problem in the United States with an estimated
nearly 750,000 new cases annually [1]. Sepsis is the 11" leading cause of death and
the leading cause of mortality in the non-coronary intensive care unit with a mortality
rate of 30-50% [1-3]. The frequency of sepsis has increased over 135% in a ten-year
interval and is predicted to continue to rise with the increase in antibiotic resistance
[1, 4]. In addition to the fully developed cases of sepsis, there are millions of patients
on an annual basis in the U.S. alone that suffer severe infection or the clinical
manifestations similar to sepsis that require diagnostic evaluation. Ironically,
although treatment of sepsis has evolved in the last decades with newer therapeutic
options of improved antibiotics and more novel approaches, such as inhibitors of the
inflammatory response, little has changed to improve diagnosis and therapeutic
monitoring [1-8]). Yet the medical detection and confirmation of patients suffering

from infections or sepsis requires laboratory blood tests.

The laboratory diagnosis of infection and sepsis still relies on the same basic
modalities that have been available since the 1970s or before. Clinical decisions
regarding the likelihood of infection or sepsis are typically made on leukocyte counts,
the presence of myeloid immature forms in the peripheral blood (bands or “left-

shift”), laboratory tests for “acute phase reactants”, such as C reactive protein, and
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clinical findings, such as fever. The cellular diagnostic parameters are typically

problematic and lack specificity, particularly in infants [9, 10] and the elderly [11].
Furthermore, recent evidence indicates that leukocyte counts may have no significant
influence on clinical decisions in patients with abdominal pain regarding surgery [12]
and band counts provide little or no diagnostic information as to the probability of
infection in a given patient [13, 14]. C reactive protein (CRP) levels, although not a
new diagnostic test, have increasingly been advocated as a more objective diagnostic
assay and therapeutic monitor, particularly in the neonatal and elderly population [15-
19]. The advantages of CRP values, such as lack of interpretative subjectivity and
improved sensitivity and specificity, are most evident in patient populations where
studies have demonstrated a poor diagnostic utility of leukocyte counts and
immaturity indices, such as in neonates, the elderly, and immuno- compromised
patients. However, reliance on CRP values for sepsis or infection detection is also
problematic in patients with co-morbid disease process. Being one of many acute
phase reactants, CRP becomes elevated in any disease process with tissue injury, not

just infection [16, 18, 20, 21]. Another limitation of CRP is a lack of specificity in

o distinguiShing viral from bacterial infection. This lack of specificity as to the etiology

20

25

30

of an infectious process has lead to the recent advocacy by some for the diagnostic
utility of procalcitonin (PCT) measurements as a more specific indicator of bacterial
infection [22-24]. Similarly there has been enthusiasm in the last ten years for
potential diagnostic utility of cytokine levels, such as IL-6, and tumor necrosis factor
(TNF) levels in septic patients [25-31]. But such studies generally have failed to
demonstrate significant diagnostic utility for such tests and they additionally proved
problematic due to the short half-life and sample stability of such inflammatory
mediators. Molecular diagnostics have also made promises of newer approaches for
early detection or prognosis, but still have fallen short due to technical limitation in
turn around time, sensitivity, or cost [32, 33]. PCT, cytokines, TNF, and other
molecular diagnostics currently remain experimental and none has been FDA cleared

for in vitro diagnostic use to date.

The optimal diagnostic for sepsis and severe infection should be directed to
early and specific changes related to the systemic acute inflammatory response. One

of the major problems with the current laboratory tests for detecting the acute
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inflammatory response related to infection or tissue damage is the lack of specificity

[14].

Summary of the Invention:

The invention relates a method of quantifying CD64 and CD163 expression in
leukocytes and, specifically to a kit for use with a flow cytometer including a
suspension of quantitative fluorescent microbead standards, fluorescent labeled
antibodies directed to CD64 and CD163, and analytical software. The software is
used to take information on the microbead suspension and fluorescent labeled
antibodies from a flow cytometer and analyse data, smooth curves, calculate new
parameters, provide quality control measures and indicate the expiration of the assay

system.

The integrated software-fluorescent microbeads standards system is a

- powerful tool for monitoring, optimizing fluorescence intensity measurements and

increasing sensitivity. The integration of software, quantitative standards, and
fluorescent-labeled antibodies allows for improved reproducibility in measurements
of CD64 and CD163 on leukocytes between different production lots of the assay
system. An entire calibration and analysis can be completed in less than five minutes,
and a summary report generated on a printer. All results are automatically recorded in
a cumulative file history to provide comprehensive documentation of an instrument's

performance.

The software is matched to specific lots of microbead standards and
fluorescent-labelled mixtures of monoclonal antibodies, since all fluorescent
molecules are subject to degradation and variability in conjugation efficiencies
between production lots. Thus, for each batch of microbeads and fluorescent reagents,
the associated software program includes information on the fluorescence intensity of
each population of microbeads within the batch. When the kit approaches its
expiration date, the software alerts the operator and further interrogates the users to
verify the assay lot in use and the type of flow cytometric instrument employed as
part of the specimen analysis. One of the novel features of this invention is that

standardization between production lots is monitored and calibrated through the use
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of biologic specimens, specifically human blood samples with leukocytes of varying

levels of CD64 and CD163 expression. The bias or difference in leukocyte CD64 and
CD163 expression between different production lots is normalized by a factor
determined by regression analysis between lots and changes in the fluorescent value
assigned to the micorbeads within the software. These monitoring comparisons of
different production lots of the assay kit done on different biologic samples will
determine whether the microbeads are within the required range of fluorescence
intensity to insure levels of imprecision between assay lots of < 5%. Daily calibration
of flow cytometers using the microbeads and software of the invention allows
objective comprehensive monitoring of fluorescence intensity without complications
due to reagents, cell preparation techniques, operating conditions, or stained cell
samples. Once the calibration is done, the actual amount of fluorescent antibody
bound by the specimen cells may be determined through the use of external standards,
such as SRM 8640 produced by the National Institute of Standards and Technology
(NIST). This measurement may be used to calculate the number of CD64 molecules
(receptors) using fluorescent labeled antibodies or determine an index of antigen
expression that is comparable to absolute molecular expression, which in turn, is

useful in early diagnosis of infection .

In particular, the invention includes a kit for automated performance analysis
to quantify CD64 and CD163 expression in a leukocyte and calibration for a flow
cytometer, said kit used with a flow cytometer or a blood cell counter with
fluorescence detection capabilities, blood specimens, a programmable computer and a

display screen, said kit comprising:

(a) at least one or more monoclonal antibodies directed to CD64 conjugated to
fluorescein isothiocyanate (FITC) or similar fluorchrome;

(b) at least one or more monoclonal antibodies directed to CD163 conjugated to
phycoerythrin or similar fluorchome;

(c) a suspension of microbeads having reliable fluorescence stability over a finite
period of time;

(d) at least one or more fluorochromes, said fluorochrome having a useful life, said

useful life being designated in said kit; and



10

15

20

25

30

WO 2006/055816 PCT/US2005/041917
(e) software operating on said computer comprising 1) information on the

fluorescence intensity of each fluorescent reagent and microbeads, said software
operating with said computer to control calculation of calibration and fluorescence
information tailored to said microbeads, and display on said screen an expiration date
correlated to the useful life of said microbeads to an operator calibrating said flow
cytometer with said microbeads, wherein said software ceases operation on said
computer if the operator does not accurate acknowledge the instrument model and
correct assay kit with an expiration time, whereupon said flow cytometer cannot be
calibrated with said software and said microbeads and the operator must utilize
another suspension of microbead populations and software tailored for use on said
computer with said another suspension to calibrate the flow cytometer; 2) the ability
to acquire data on blood specimens using fluorescence, forward angle light scatter
("FS") and side or wide angle light scatter ("SS") and thus automatically gate or
identify specific cell subpopulations, smooth the data, locate peaks in fluorescence
intensity corresponding to each microbead and cell specific populations, construct
linear regression plots' determine the fluorescence threshold intensity of the flow
cytometer, and create histograms or graphic‘ displays; 3) the ability to find cell
specific clusters using iterative cluster finding algorithms; 4) the ability to perform
automated data normalization; and 5) the ability to calculate the CD64 and CD163

indices.

Thus, the CD64 assay of the present invention represents a significant
improvement in the diagnosis, therapeutic monitoring, and management of individuals
of all ages with serious infections. Another equally significant societal benefit of the
CD64 assay is that by providing a more sensitive and specific assay of the human
sepsis and infection, there should also be a secondary effect of reducing the spread of

antibiotic resistance of bacteria, a growing worldwide health concern.

Other and further aspects, features and advantages of the present teachings
will be apparent from the following description of the various embodiments of the

present teachings given for the purpose of disclosure.
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Brief Description of the Fisures:

Figure 1 is a diagrammatic representation of PMN CD64 expression in patients with
culture proven infection (diamonds) are elevated in over 97.5% of individuals
compared to the normal low value seen with healthy controls (circles); PMN CD64
values do not correlate with the neutrophil leukocyte count and are increased in those

patients with infection, but normal neutrophil count.

Figure 2 represents flow cytometric analysis of human blood sample with normal (top
panel) and elevated (bottom panel) neutrophil CD64 quantified using bead calibrators
to derive PMIN CD64 Index units; the other blood leukocyte populations of
lymphocytes, monocytes, as well as neutrophils (shown in gated region in figure) are
identified through software data analysis using iterative cluster finding algorithms and

both anti-CD64 FITC and anti-CD163 PE staining of the samples.

Figure 3 demonstrates the software analysis of samples where the defined internal
cellular controls to not “pass” or demonstrate the expected result of lymphocytes
lacking CD64 expression (top panel), which is typically due to improper instrument
set-up or addition of incorrect reagents, and monocytes lacking significant expression
of CD64 (bottom panel), which is usually the result of insufficient anti-CD64 reagent
added to the blood sample. The automated flags or popup boxes alert the user to

problems with the technical performance of the assay.

Figure 4 illustrates the excellent correlation of the Trillium PMN CD64 index to the
bead calibrated method of measuring PMN CD64 expression using MESF units is

seen in two separate clinical studies.

Figure 5 illustrates that the level of PMN CD64 is correlated with the clinical
impression in patients seen in a hospital emergency room (lower left), suggesting a
role in the CD64 assay in screening for a systemic inflammatory reaction and triaging
patients to the appropriate medical management setting and therapy; the same degree
of correlation between clinical score (defined in lower right) and neutrophil count or

CRP levels was not observed in the same study (upper left and right).
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Figure 6 illustrates the that interlot correlation is high, but that there is a difference in
the PMN CD64 index due to differences in the microbead fluorescence and antibody
fluorochrome conjugation efficiency (upper left panel). However the invention of
using the Leuko64 software to assign microbead fluorescence values based upon
interlot comparison on multiple biologic blood samples allows for good interlot
correlation as well as a low interlot imprecision (upper right panel). The invention
also allows for the same improvement of interlot imprecision for the monocyte

CD163 index with the software (lower panels).

Detailed Description of the Invention:

The inventors of the present invention and others have reported clinical studies
indicating that PMN CD64 expression represents a specific diagnostic indicator of an
active acute inflammatory response [34-43]. Unlike many other activation related
antigenic changes on neutrophils (PMN) and other leukocytes, such as CD11b, CD18,
CD16, CD45RA, and CD62L, neutrophil CD64 has negligible expression in the

- health individual and shows no evidence of sensitivity to blood sample manipulation

[35, 37]. In contrast to many other myeloid antigens, such as CD16 or CD11b, PMN
CD64 expression in both healthy individuals and those with upregulated CD64
expression is not altered by cell activation by chemotactic factors, PMA, or in vitro
exposure to bacteria [35, 37, 38, 44, 45]. Additionally the expression of PMN CD64
is stable in anti-coagulated blood samples for up to 48 hours [35, 45]. Additionally
previous studies by Trillium have shown normal levels of CD64 during otherwise
healthy pregnant women, in contrast to other PMN and monocyte antigens, such as
CD11b, CD14, CD32, and CD62L, which have been reported to show a significant
change in women during pregnancy [46, 47]. Thus indicating the PMN CD64
measurements are practical as a diagnostic test, allowing performance in any
laboratory setting for both outpatients and inpatients. PMN CD64 up-regulation by
inflammatory related cytokines, such as G-CSF and interferon gamma (IFN-y) occurs
in a the short time scale of 4 to 6 hours for cell surface expression and 1 to 3 hours for
detectable mRNA increases by Northern blot analysis [35, 40, 48-50]. This
upregulation of PMN CD64 appears to directly correlate with enhanced bactericidal
[40] and anti-fungal [51] activity. Thus, given that normal neutrophil expression of
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CD64 is less than 1000 sites per cell and that detectable up-regulation can be found
within 4 to 6 hours after an acute tissue injury, dissemination of infection, or
administration of recombinant interferon gamma or G-CSF, early diagnosis is
possible. Therefore, PMN CD64 quantitation represents an ideal candidate as an
improved diagnostic compared to leukocyte counts, myeloid immaturity assessment,
and acute phase reactants for the reasons listed in Table 1 and data in Figure 1. In
summary, quantitative PMN CD64 measurements offer the potential to be the first,
clinically useful diagnostic cell-based parameter of a systemic acute inflammatory

response.

TABLE 1. Rationale for clinical utility of PMN CD64 assay.

v PMN CD64 expression is negligible in the healthy state and increases under the
influence of inflammatory related cytokines (IFN-y, IL-12, G-CSF)

v Increased PMIN CD64 expression results in enhanced antibody-mediated functional
responses (phagocytosis, oxidative burst, bactericidal activity) in PMNs —
pathophysiologically significant change

v’ Measurements stable in routinely collected and handled anti-coagulated blood
samples for 30 hours at room temperature and 48 hours refrigerated

v Assay performed within one hour, requires small volume, batch analysis possible

v PMN CD64 increase highly correlated with sepsis, infection or systemic acute
inflammation

v Level of PMN CD64 barometer of systemic inflammatory response — potential for
therapeutic monitor role in antibiotic use

v CD64 up-regulation not surrogate for absolute neutrophil count, band count, CBC
instrument flagging, Sedimentation Rate, C reactive protein

v Patients of all ages and immuno-suppressed conditions capable of CD64 up-
regulation

v High specificity - PMN CD64 expression is not elevated in:

v Malignancy of myeloid cells (CML. MPD, MDS)

v Any drug therapy (other than cytokines)

v Clinical conditions with localized tissue damage (myocardial ischemia,
uncomplicated surgery, and exercise injury)

v Pregnancy

Flow cytometric quantitative techniques have been the methodology employed
in the majority of studies looking at CD64 expression in myeloid cells. This
instrumentation, although considered a high complexity form of clinical testing, is
currently available in university medical centers, large tertiary care community

hospitals, and reference diagnostic laboratories in the U.S. and most industrialized
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countries. The methodology most refined with regard to clinical applications has

been developed by the inventors of the present invention, and have validated a whole
blood lysis technique using directly conjugated anti-CD64 and standardized
fluorescence bead calibrators [35, 37, 40, 52, 53]. The current methodology requires
50 pl or less of whole blood, thus being amenable to testing of patients of all ages.
The assay precision has been validated on replicates as having a coefficient of
variation of less than 5% [35], thus being quite competitive in precision with other

clinical laboratory assays (Figures 2, 3).

Of equal practical importance for a clinical diagnostic test, the quantitative
PMN CDé64 results are stable at least 30 hours at room temperature and up to 72 hours
for anticoagulated blood held at refrigerated temperatures. The results can quantified
in terms of mean equivalent soluble fluorescence units (MESF) derived from the
difference between binding of CD64 monoclonal antibody and isotype control
antibody run under parallel conditions. The day to day and assay to assay results are
calibrated through the use of Quantum 26 FITC beads (formerly Flow Cytometry
Standards, San Juan, PR, now Bang Labs,‘ Fishers, IN) and coﬁputer data analysis
with Leuk64 software (Verity Software House, Topsham, Maine). Alternatively with
accurate fluorochrome to protein (F/P) ratio determinations of the monoclonal
antibody reagent, the MESF units can be converted to actual average antibody binding
or antigen (if the monoclonal reagent is monomeric) sites per cell. The problem with
these approaches is that, although the flow cytometric assays for CD64 using beads
for quantitation are sensitive and relatively precise, the cost and technical time and
complexity required for a PMN CD64 clinical assay is relatively high (>$50 per test)
and are subject to measurement imprecision between lots of beads and antibodies.
The present invention is a novel method of quantifying PMN CD64 expression, which
appears to be equivalent to previous flow cytometric bead assays with less cost to the
assay and marked reduction in lot to lot imprecision. The novel method for CD64
quantitation, termed the PMN CD64 Index, is based upon a ratio of the anti-CD64
antibody binding on neutrophils to lymphocytes, a leukocyte cell population lacking
CD64 expression, or to a microbead suspension. Progress to date indicates the PMN
CD64 Index is substantially equivalent to the more complex CD64 quantitation using
bead calibrators (Figure 4).
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Studies with quantitative PMN CD64 measurements to date have indicated a
high degree of specificity of greater than >98% for detection of systemic infection
[35, 38, 41, 42, 54]. Interestingly along with the sensitivity for detecting the acute
inflammatory response in conjunction with infection there is only a weak correlation
with neutrophilia, sedimentation rate, and/or the presence of bands [35, 37],
suggesting additional diagnostic information is afforded by CD64 measurements
compared to standard laboratory testing modalities. Given there are multiple clinical
explanations for elevated neutrophil counts, the potential for PMN CD64 expression
to provide increased diagnostic sensitivity and specificity of infection, along with its
ability to be performed in a clinical setting in a matter of hours, it should find clinical
utility. Although clinical blood samples show a weak to moderate tendency for
increased PMN CD64 expression in parallel with increasing neutrophil counts or band
counts [35], clinical samples are consistently identified where PMIN CD64 expression
and leukocyte enumeration are discordant. Clinical samples with elevated absolute
neutrophil‘ counts, yet exhibiting normal CD64 expression, are commonly seen in
three clinical situations. The situations being glucocorticoid or steroid therapy, the
early post-surgical period, and chronic myeloproliferative disorders, in which treating
physiciaﬁs have learned to expect elevated PMN counts without the necessity for
further therapeutic action or concern for infection. Observations to date of over 100
cases of cﬁronic myeloid leukemia, chronic myeloproliferative disorders, and
myelodysplastic syndromes have shown no increased CD64 expression on mature
myeloid c;fells, except in such patients with documented evidence of infection or other
recognizable or acute inflammatory process [45, 55, 56]. Thus, one additional
potential clinical application of PMN CD64 expression could also be used to
distinguish acute inflammatory responses from hematological malignancies resulting
in neutrophilia. The corollary situation, where elevated PMN CD64 is observed in
parallel Wiﬂl normal or decreased neutrophil counts is observed most commonly in
clinical situations where patients have received myelosuppressive drugs, such as
cancer chemotherapy, and yet have clinical symptoms or laboratory evidence of
infection. Additional studies are required to validate the diagnostic utility of
quantitative PMN CD64 measurements in specific clinical situations and to obtain
FDA clearance as an in vitro diagnostic test. However, previous published work does

indicate the level of PMN CD64 expression to correlate with both clinical probability

10
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of infection [35, 37-39, 41-43] and the type of infection (gram negative bacteria
inducing higher PMIN CD64 expression compared to gram positive bacteria) [42].
Additionally, as shown in Figure 5 the magnitude of PMN CD64 expression appears
lower in localized compared to systemic infections [37, 42]. In summary, the present
invention relating to PMN CD64 diagnostic tests: 1) function in a triage role for
patients having clinical symptoms suggestive of infection; 2) provide quantitative
assessment of a systemic inflammatory response; 3) distinguish between
inflammatory and leukemia-related causes for elevated leukocyte counts; 4) serve as a

therapeutic monitor in patients with sepsis or infection.

Components Used in the Present invention Assay:

The following is a list of components and reagents that are used in the assay
for inflammation and detection of tissue injury by quantifying CD64 expression in

polymorphonuclear leukocytes:

'(A) at least one or more monoclonal antibodies directed to CD64 conjugated to

fluorescein isothiocyanate (FITC) or similar fluorochromes;

(B) at least one or more monoclonal antibodies directed to CD163 conjugated to
phycoerythrin or similar fluorochromes;

(C) a suspension of polystyrene m{crobeads with at least one or more fluorochromes,
one of which is identical to that conjugated to the CD64 monoclonal antibodies,
environmentally sensitive to the same factors affecting the fluorescence of antibodies
bound to cells, and traceable to an external standard, such as the NIST SRM 8640.

(D) the Leuko64 software, which allows for fluorescence value assignment to the
microbeads and calibration of the quantitation of measurements of CD64 and CD163

expression and cellular cluster gating independent of user interaction.

Description of the Leuko64 Sofware:

Although the current assay for PMN CD64 can be performed using third party
software capable of analyzing flow cytometric data, this approach leaves some degree

of subjectivity in data analysis to end users, who typically have a range of skills.

11
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Thus, there remains the potential for errors or subjectivity in the assay result. Hence a

preferable approach to minimize the user’s subjectivity in data analysis and to
streamline the assay is to include software for flow cytometric data with the CD64
assay. The Leuko64 CD64 assay kit includes a software that will indicate the outdate
of the kit in paralle] that of the assay reagent. The software has the ability to find cell
clusters (lymphocytes, monocyte, and neutrophils) and perform automated data
normalization and calculation of the PMIN CD64 index. Additionally, the program
can perform some specified analysis to serve as quality control functions, for example
to validate that the monocyte population has the expected CD64 expression detected
by the fluorescent antibody reagents, thus serving as an internal positive control for
each specimen, and to validate that the lymphocyte populatioﬁ has no significant
CD64 expression, thereby serving as an internal negative control for each specimen.
Most importantly, the program allows for rapid data analysis from a variety of
commercial clinical flow cytometry instruments, provide quality control related
“flags” to the operator, and improve the standardization of data analysis to further
minimize assay imprecision. A preferred embodiment of the invention is the
integration of the software and bead fluorescence value assignment for CD64 and
CD163 index values, which can be traceable to reference standards of fluorescence
for specific fluorochromes. This value assignment of beads using a regression
correlation between assay lots on biologic cell samples, such as blood leukocytes,
provides for a low degree of imprecision between assay lots, thereby improving

diagnostic utility in clinical practice.

Exemplification:

The examples herein are given for the purpose of illustrating various
embodiments of the invention and are not meant to limit the present invention in any
fashion. All documents mentioned herein are incorporated by reference in their

entirety.

One skilled in the art will readily appreciate that the present invention is well adapted
to carry out the objects and obtain the ends and advantages mentioned, as well as
those inherent therein. It will be apparent to those skilled in the art that various

modifications and variations can be made in practicing the present invention without

12
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departing from the spirit or scope of the invention. Changes therein and other uses

will occur to those skilled in the art which are encompassed within the spirit of the

invention as defined by the scope of the claims.

Example 1: Leukocyte CD64 Assay:

The method for of flow cytometric analysis of blood samples for PMN CD64 is
outlined briefly, and provided in detail by Davis et al [34-37, 40, 52, 53, 58, 59]. The
current procedure for flow cytometric CD64 staining and analysis is as follows:

Trillium Diagnostics Leukocyte CD64 Assay Staining Procedure:

1 Dilute the 10X Trillium Lyse (Reagent B) 1:10 by mixing 1 part of the concentrated Reagent B with 9
parts filtered distilled water. Make a volume sufficient for anticipated number of tests (1.0mL is required
for each sample). The final pH of the diluted Reagent B should be 7.40 + 0.02; adjusted with NaOH or
HCI if necessary. Diluted or 1X Trillium Lyse is stable for 1 week at room temperature (20-26°C) or 30
days at 2-8°C.

2 Diluted lyse solution must be between 20°C and 37°C when used. Cold solution may result in poor lysis.

3 Aliquot 50uL of Leuko64 Reagent A into a 12 x 75 mm polystyrene tube.

4 Aliquot 50uL of mixed anticoagulated blood sample with white blood count <25 x 10° cells/L. (dilute as
required) to the tube containing Reagent A, gently mix or vortex, and incubate 10 minutes in the dark at
room temperature.

5 Add 1.0mL of 1X Trillium Lyse (diluted Reagent B) and thoroughly vortex. Let stand for 15 minutes in the
dark at room temperature. Intermittent vortexing or mixing enhances lysis.

6 Add 5L LeukoB64 beads (Reagent C) to each tube, vortex, and analyze on fiow cytometer using
instrument set-up and analysis protocol below. Prepared samples should be held at 2-8°C, shielded from
light until analyzed. Analysis should be performed within 24 hours of staining.

CD64 Instrument Calibration Bead Specimen:

FLOW CYTOMETER SET-UP

1 Add 5pL Leuko64 beads (Reagent C) to a tube containing 0.5mL
1X Trillium Lyse (Reagent B diluted 1:10 with filtered distilled
water, pH 7.40 + 0.02). This will be used to establish PMT voltage and scatter
settings on the instrument.

2 Set up 4 two-parameter histograms:
FS (lin) vs SS (log)
CD64 FITC vs SS (log)
CD163 vs SS (log)
CD163 PE vs CD64 FITC

And 3 one-parameter histograms:
FL1 - CD64 FITC
FL2 - CD163 PE
FL3 (the PMT with filter setup able to detect 685nM)

3 Turn OFF all compensation settings.
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4 Run the bead suspension and make the following adjustments on the one-
parameter histograms at 1024 channel resolution (see diagram):

» The center of the peak on the FL1 (FITC) axis should be at the end of the
second decade of fluorescence intensity (MFI = ~90).

» The center of the peak on the FL2 (PE) axis should be at a MFI = ~20 (the first
tic in the second decade of fluorescence intensity).

« The center of the peak on the FL3 axis should be midscale in second decade
(MFI = ~30).

5 On the FS vs SS histogram, the bead population should be positioned at the start
of the third decade on log side scatter signal, and at channel 85-120 on forward or
low angle scatter signal (on 256 scale use channel 20-25).

6 The threshold to exclude platelets and red cell debris should be set on SS (log)
using lymphocytes. The discriminator to exclude debris and small particles should
be set just to the left of the lymphocytes.

7 Acquisition and Storage settings should be adjusted to allow for collection of
50,000 ungated events. Setting resolution at 1024 is generally recommended, but
is required when using Beckman Coulter FC-500™ or Becton Dickinson
FACSCanto™ cytometers.

8  Save the settings and acquisition template.
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Flow Cytometric Acquisition:

1. Perform the flow cytometer’s daily instrument QC program and determine
that the cytometer is ready for specimen acquisition.

2. Call up the CD64 protocol and run the stained specimens, including the
beads.

3. Acquire at least 50,000 events and save list mode file for analysis with the
Leuko64 software.

Analysis of Listmode Files:
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1.

2.

Leuko64 software which is the software program used for the calculation
of results.

Call up the bead mix listmode file and following the directions in the
Leuko64 manual to initiate the Leuko64 Program

Call up the first listmode file to be analyzed. Confirm that the coarse gates
around the leukocyte populations of lymphocytes, monocytes, and
granulocytes are positioned correctly. If needed, the gate region can be
adjusted to surround the appropriate cell population.

Analysis of specimen list mode files can be analyzed in a step by step
fashion or by using the automated batch analysis function. Analysis results
can be stored in the database and printing of the results is suggested to
allow for subsequent documentation and review of the appropriate gating
of the leukocyte subpopulations.

. If the analysis is stopped due to either the lymphocyte or monocyte flag or

warning dialog box appearing, the user should investigate possible causes
for these adverse findings and consider reanalysis and/or restaining of the
sample if necessary.

Limitations of Procedure:

1.

It is essential to acquire adequate numbers of bead events (500 or more).
Inadequate numbers of beads may cause invalidate CD96 and CD163 index
results, which in turn will may result in false positive or negative results.

2. Some specimens do not lyse completely. However we are interested in the
Neutrophil and bead populations, so the specimens can still be run. If the
discriminator setting is not optimized, the listmode file may have
insufficient bead or cell events to be statistically robust.

3. The assay requires sufficient anti-CD64 regent added to the tube, this could

be verified by examination of the monocyte population, which can serve as
an internal positive control as this populations should always stain
“positive”. If that is not the case, the software analysis monocyte flag will
be activated.

Components of Invention

[. Reagent A

Leuko64 ReagentAz - 0% . |Lot#L64-03-07 Bottled conc (mg/mL) Dilution Fac
Anti-CD64 clone 32.2 FITC (ATCC: HB9469) 0206113.1T1 0.68 diluted 1:27:
Anti-CD64 clone 22 FITC 0104031.1T4 1.47 diluted 1:98(
Anti-CD163 PE clone 48 or 158 (ATCC: HB 10714)lot 0103203.2E5 0.93 diluted 1:11¢
PBS w/ 0.1% BSA + 0.01% NaN3 (Sigma)

Reagent A is used at a volume of 0.050 mL per test. Thus for a 250 test kit the total
volume needed is 12.50 mL plus 1.25 mL for wastage. Bottle in two containers with
a file volume of 7.5 -10 mL. Bottles should be flat bottom amber glass composition
with leak proof screw cap.

II. Leuko64 Reagent B: 10X Trillium Lyse Solution
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e NH,4CI (potassium chloride) 80.0¢g Sigma # P-9541

e EDTA Trisodium Salt 100 g Sigma # ED3SS

o KH,PO4 (potassium phosphate) 1.0g Sigma #
P-5379

e QS to 1000 ml with reagent grade H,O

e Filter using 0.2pum-pore vacuum filter Nalgene # 295 4520

e Adjust pH to 7.4 when solution reaches room temperature (use aliquots and aseptic tech:

e To avoid contaminating the filtered solution)

e Store in refrigerator at 2-§°C

e Expiration 12 months

Reagent B is used at a volume of 1.0 mL per test after dilution (diluted form to have
one week outdate). Thus for a 250 test kit the total volume needed is 25 mL plus 15
mL for wastage. Bottle in a container with a fill volume of 50 mL. Bottle can be of
plastic composition (nalgene) with flat bottom and screw cap.

III. Leuko64 Reagent C: Calibrator Beads (NIST traceable reference material)
Polystyrene 5.2 um beads tagged with a proprietary embedded red dye (starfire red)

and surface coated with FITC (NTRM to NIST SRM 1932)

Suspended in an isotonic buffered solution containing BSA, sodium azide, Tween 20, pH 7.4.

Final bead concentration at 4-6 x 10° per mL.

Bead Diluent:
Tween 20 10uL
NaN3 0.013¢g
PBS 100mL
pH=T7.4
Make a 1:20 dilution of each into PBS with 0.01% Tween and 2mM NaN3
FITC Beads:
Beads 250uL
Bead Diluent(above) 4750uL

Reagent C is used at a volume of 0.005 mL per test. Thus for a 250 test kit the total
volume needed is 1.25 mL plus 0.25 mL for wastage and instrument calibration.
Bottle in one container with a file volume of 2.0 mL. Bottles should be flat bottom
amber glass composition with leak proof screw cap.

Reagent C will be provided for each lot following QC by Trillium Diagnostics, LLC
and OEM manufacturing by Bangs, Inc.

IV. Leuko64 Software

Lot specific Leuko64 software will be provided in the kit in a standard CD disc. The
CDs will be provided for packaging after QC validation by Trillium Diagnostics, LLC
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and Verity Software House. The software provides a lot-specific value assignment

for the calibration beads and subsequently the final PMN and Monocyte CD64 Index
values; this corrects for any lot-to-lot variations in bead production or monoclonal

antibody fluorochrome labeling. Software validation procedure is in software folder.

All publications and patent applications disclosed herein, including US Patent
Nos. 4,918,004 and 5,380,663 are incorporated into this application by reference in

their entirety, which can be used in the instant invention.

One skilled in the art will readily appreciate that the present invention is well
adapted to carry out the objects and obtain the ends and advantages mentioned, as
well as those inherent therein. It will be apparent to those skilled in the art that various
modifications and variations can be made in practicing the present invention without
departing from the spirit or scope of the invention. Changes therein and other uses
will occur to those skilled in the art which are encompassed and equivalent within the

spirit of the invention as defined by the scope of the claims.
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We claim:

1. A kit for automated performance analysis to quantify CD64 and CD 163 expression
in a leukocyte and calibration for a flow cytometer, said kit used with a flow
cytometer, blood specimens, a programmable computer and a display screen, said kit

comprising:

(a) at least one or more monoclonal antibodies directed to CD64 conjugated to
fluorescein isothiocyanate (FITC) or similar fluorochromes;

(b) at least one or more monoclonal antibodies directed to CD163 conjugated to
‘phycoerythrin or similar fluorochromes;

(c) a suspension of polystyrene microbeads with at least one or more fluorochromes,
one of which is identical to that conjugated to the CD64 monoclonal antibodies,
environmentally sensitive to the same factors affecting the fluorescence of antibodies
bound to cells, and traceable to an external standard, such as the NIST SRM 8640;

(d) at least one or more fluorochromes, said fluorochrome having a useful life, said
useful life being designated in said kit; and

(e) software operating on said computer comprising 1) information on the
fluorescence intensity of each fluorescent reagent and microbeads, said software
operating with said computer to control calculation of calibration and fluorescence
information tailored to said microbeads, and display on said screen an expiration date
correlated to the useful life of said microbeads to an operator calibrating said flow
cytometer with said microbeads, wherein said software ceases operation on said
computer at said expiration date, whereupon said flow cytometer cannot be calibrated
with said software and said microbeads and the operator must utilize another
suspension of microbead populations and software tailored for use on said computer
with said another suspension to calibrate the flow cytometer; 2) the ability to acquire
data on blood specimens using fluorescence signals, FS and SS and thus,
automatically gate and smooth the data, locate peaks in fluorescence intensity
corresponding to each microbead and cell specific populations, construct linear
regression plots, determine the fluorescence threshold intensity of the flow cytometer,
create histograms; 3) the ability to find cell specific clusters; 4) the ability to perform
automated data normalization; and 5) the ability to calculate the CD64 and CD163

index on specific cell populations.
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2. A kit according to claim 1, wherein the monoclonal antibody directed to CD64 is

Clone 22.

3. A kit according to claim 1, wherein the monoclonal antibody directed to CD64 is

Clone 32.2 (ATCC Number HB-9469).

4. A kit according to claim 1, wherein the monoclonal antibody directed to CD163 is

Clone Mac2 (ATCC Number HB-10714).

5. A kit according to claim 1, wherein the fluorochrome is fluorescein isothiocyanate
(FITC).

6. A kit according to claim 1, wherein the microbeads are comprised of polystyrene.

7. A kit according to claim 1, wherein the cell specific cluster comprised of

lymphocytes.

8. A kit according to claim 1, wherein the cell specific cluster comprised of

monocytes.

9. A kit according to claim 1, wherein the cell specific cluster comprised of

neutrophils.

10. A kit according to claim 1, wherein the software further comprises the ability to

perform quality control functions.

11. A kit according to claim 10, wherein the quality control function is to validate that
the monocyte population has the expected CD64 expression detected by the
fluorescent monoclonal antibodies and, consequently serve as an internal positive

control for each specimen.

12. A method for quantifying human leukocyte FcyRI receptor (CD64) expression

comprising;
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(a) providing a flow cytometer, blood specimens, a programmable computer and a
display screen;
(b) providing a combination of reagents which allow for the detection of the FcyRI

receptor; and

(c) providing a software operating on said computer comprising the ability to acquire
data on blood specimens using fluorescence, FS and SS and thus create histograms,
autbmatically gate and smooth the data, locate peaks in fluorescence intensity
corresponding to each microbead and cell specific populations, construct linear
regression plots' determine the fluorescence threshold intensity of the flow cytometer;
to find cell specific clusters the ability to perform automated data normalization and

the ability to calculate the CD64 index.
13. A method of claim 12 wherein the leukocyte is a polymorphonuclear leukocyte.

14. A method for quantifying human leukocyte, in particular monocyte, CD163
expression comprising;

(a) providing a flow cytometer, blood specimens, a programmable computer and a
display screen;

(b) providing a combination of reagents which allow for the detection of the CD163
or the hemoglobin-haptoglobin complex receptor; and

(c) providing a software operating on said computer comprising the ability to acquire
data on blood specimens using fluorescence, FS and SS and thus create histograms,
automatically gate and smooth the data, locate peaks in fluorescence intensity
corresponding to each microbead and cell specific populations, construct linear
regressidn plots' determine the fluorescence threshold intensity of the flow cytometer;
to find cell specific clusters the ability to perform automated data normalization and

the ability to calculate the CD163 index.
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