
ΡΛΚΜΧΠ ί Section 29

ί

AUSTRALIA

Patents Act 1990

NOTICE OF ENTITLEMENT

i

• · *• · *
• « a · 

a ·» · ··
* a• a

INTRACEL CORPORATION being the Applicant/Nominated Person in respect of Application 
No. 63678/94 state the following:

The Nominated Person is entitled to the grant of the patent because the Nominated 
Person derives title to the invention by assignment from Zynaxis, Inc., who in turn 
derived title to the invention from the actual inventor, by assignment.

The Nominated Person is entitled to claim priority from the application listed in the 
declaration under Article 8 of the PCT because the Nominated Person is the assignee 
of Zynaxis, Inc., who in turn is the assignee of the applicant in respect of the 
application listed in the declaration under Article 8 of the PCT.

Dated this 16th day of June, 1998.

By Its Patent Attorneys
DAVIES COLLISON CAVE

/

1

!

7

ΐ

r r

L



if

IIIIIIIIIIIIIIIIIRIIIIIIIIIIIIIWIHIIIIIIIII
AU9463678

r

(12) PATENT ABRIDGMENT (11) Document No. AU-B-63678/94 
(19) AUSTRALIAN PATENT OFFICE (10) Acceptance no. 695012 

(54) Title
IMMUNOASSAY FOR DETERMINATION OF CELLS

International Patent Classificatlon(s)
(51)5 G01N 033/544 G01N 033/545 G01N 033/546 G01N 033/553

G01N 033/569 G01N 033/577
(21) Application No.: 63678/94 (22) Application Date : 22.03.94

(87) PCT Publication Number: W094/22013

(30) Priority Data

(31) Number (32) Date (33) Country
034138 22.03.93 US UNITED STATES OF AMERIC\

(43) Publication Date : 11.10.94

(44) Publication Date of Accepted Application : 06.08.98

(71) Applicant(s)
INTRACEL CORPORATION

(72) Inventor(s)
BRUCE D. JENSEN

(74) Attorney or Agent
DAVIES COLLISON CAVE , GPO Box 3876, SYDNEY NSW 2001

(56/ Prior Art Documents
AU 22948/88
CLIN. EXP. IMMUNOL. VOL 71 (1988) BRlNCHMAN ET AL PI 82-186

(57) The present invention relates to diagnostic 
testing and in particular to a method for determining 
the presence or quantity of selected analytes, each 
having at least one characteristic determinant, within 
a mixed population of same, and to test kits used in 
performing such methods. The method of the invention 
facilitates screening of complex biological fluids, 
such as whole blood, containing small fractions of 
particular cell types or subsets of interest, and 
provides an efficient and reliable assay for cell 
monitoring of AIDS patients.

Clai·
1. A method for determining the presence 

or concentration of particulate analyte in a sample, 
the particles comprising said analyte having at least 
one characteristic determinant at a plurality of 
spaced-apart locations on the surfaces thereof, the 
density of said determinant on any one analyte 
particle in said sasple being the sane as or different 
from the density of said determinant on any other said
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analyte particle, said particulate analyte .
concentration being independent of aaid determinant 
density, said method comprising the steps of:

a. adding to said sample,
substantially simultaneously, a separation reagent and 
a detection reagent characterized in that:

i. said separation reagent 
comprises an insolubilized phase having affixed 
thereto a specific binding substance that binds 
specifically to a characteristic determinant of said 
analyte said insolubilized phase facilitating 
separation of said analyte particles attached to said 
separation reagent from said sample;

ii. said detection reagent being 
in particulate form and comprising a detectable label 
and a specific binding substance that binds
specifically to a characteristic determinant of said 
analyte, said detection reagent, when unbound, being 
separable from both said separation reagent and said 
detection reagent bound to said analyte; and

iii. the amounts of said added 
sepa,£?’tion and detection reagents being sufficient to 
substantially completely cover the surfaces of said 
analyte particles, thereby forming rosettes, the ratio 
of said added separation reagent to said added 
detection reagent being such as to effect separation 
of a constant fraction of said rosettes and render 
said separated rosettes detectable;

b. subjecting said sample to 
conditions promoting rosette formation between said 
separation and detection reagents and said analyte 
particles;

c. separating said rosettes from 
unbound detection reagent; and

d. measuring the label in said 
separated rosettes or in said separated unbound 
detection reagent, said measurement being 
determinative of the presence or concentration of said 
particulate analyte in said sample.
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18. A test kit when used to perform the 
method of claim 1, said test kit comprising:

i. a container which contains a 
separation reagent comprising an insolubilized phase 
for facilitating separation of particulate analyte- 
attached to said separation reagent from a test 
sample, said separation reagent having affixed thereto 
a specific binding substance that binds specifically 
to a characteristic determinant of said analyte;

ii. a container containing a detection 
reagent comprising a detectable label and a specific 
binding substance that binds specifically to a 
characteristic determinant of said analyte, said 
detection reagent, when unbound, being separable from 
both said separation reagent and said detection 
reagent bound to said analyte;

iii. a container containing a control 
detection reagent in particulate form, comprising a 
detectable label and a binding substance that binds 
non-specifically to said analyte, thereby functioning 
as a first non-specific binding control reagent; and

iv. a container containing a control 
separation reagent comprising an insoluble phase and a 
binding substance that binds non-specifically to said 
analyte, thereby functioning as a second non-specific 
binding control reagent for said separation reagent.

21. A method as claimed in claim 20, 
wherein said particulate analyte comprises human cells 
and said at least one characteristic determinant 
comprises at least one cell surface antigen.
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(57) Abstract

Methods and test kits are provided for the quantitative or qualitative determination of selected analytes, e.g., cell subsets in a mixed 
cell population, using a particulate separation reagent and a particulate detection reagent Methods for achieving antigen density-independent 
cell labelling are also provided; The invention enables cell monitoring of AIDS patients in an efficient and reliable manner.
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IMMUNOASSAY FOR DETERMINATION OF CELLS

FIELD OF THE INVENTION
The present invention relates to diagnostic 

testing and in particular to a method for determining 
the presence or quantity of selected analytes, each 
having at least one characteristic determinant, within 
a mixed population of same, and to test kits used in 
performing such methods. The method of the invention 
facilitates screening of complex biological fluids, 
such as whole, blood, containing small fractions of 
particular cell types or subsets of interest, and 
provides an efficient and reliable assay for cell 
monitoring of AIDs patients.

DESCRIPTION OF THE PRIOR ART

Methodology for determining components of 
blood or bone marrow, e.g., subpopulations of 
leukocytes, is routinely employed in the clinical 
diagnosis of various pathological conditions. The 
clinical application of this methodology has been 
spurred by the general availability of monoclonal 
antibodies selectively reactive' with characteristic 
determinants of the discrete components of interest. 
These determinations have proven useful for monitoring 
changes in immunodeficiency diseases, leukemias, 
lymphomas and transplant patients. See: A. Landay 
and K. Muirhead, Clin. Immunol, and Immunopathol, 52: 
48-60 (1989) . Immunofluorescence labelling followed 
by flow cytometric analysis or fluorescence microscopy 
is the established method for performing such 
determinations.

Flow cytometry has decided advantages over 
other cell marker analysis techniques of the prior 
art, such as immunofluorescence microscopy, 
immunocytochemistry, and enzyme immunoassay. One 
particular advantage of flow cytometry over bulk 
methods of marker analysis (e.g., fluorimetry or
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enzyme immunoassay) is the utilization of multiple 
detectors to simultaneously analyze multiple signals 
from each cell. For example, U.S. Patent No.
4,727,020 to Recktenwald describes the use of two 

5 fluorescent channels to detect cells in a
subpopulation specifically labelled with two different 
immunofluorescent agents. U.S. Patent 4,284,412 to 
Hansen et al. describes the use of fluorescence 
channels to detect forward and right angle light 

10 scatter of cells of different subpopulations in blood. 
In both cases, at least one parameter is used for 
gating so that a signal from a cell (e.g.,
fluorescence from a fluorochrome) is electronically 
measured only if the cell falls within the gated 

15 subpopulation of interest. Such multiparametric
measurement is useful for enumerating cell types of 
interest within a complex population of cells (e.g., 
whole blood). This method is time consuming, however, 
since each sample must be analyzed one cell at a time 

20 for the parameters of interest.
Clearly, one distinct disadvantage of flow 

cytometry is that each sample has to be run and 
analyzed individually. Indeed, current clinical 
applications of flow cytometry, to a large degree,

25 involve the study of immunologic or neoplastic
disorders of peripheral blood, bone marrow or tissue 
that can be disaggregated into single cell suspension. 
This disadvantage is particularly acute in a clinical 
laboratory which must process multiple patient 

30 specimens daily. The ability to simultaneously
quantitate multiple cell samples, each containing a 
plurality of cells, as such would substantially reduce 
the throughput time for such cytometric analysis in 
the clinical or research laboratory.

One proposed method for analyzing samples 
comprising a plurality of cells is enzyme-linked

35
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immunosorbent assay (ELISA). See: J. Endl. et al., J. 
Immunol. Meth., 102: 77-83 (1987). See also U.S. 
Patent No. 4,876,189 to Shetters et al. This assay 
measures absorbance of cell samples at one time using

5 a 96-well microplate reader. The reporter system in 
this assay utilizes an enzyme conjugated to a 
monoclonal antibody against a specific antigen and 
cannot distinguish between an antigen on the subset of 
interest (e.g., CD4 on lymphocytes) and the same

10 antigen on another subset (e.g., CD4 on monocytes). 
Consequently, this technique is not well-suited to 
determination of cell subpopulations in whole blood.

Another method for detection of cell surface 
antigens or antibodies thereto measures agglutination

15 of fluorochrome labelled erythrocytes. V.
Ghazarossian et al. , Clin. Chem., 34.: 1720-25 (1988); 
see also U.S. Patent No. 4,748,129. This method has 
particular application for blood typing or the 
detection of antibodies to blood group antigens.

20 Fluorochromes are used to label erythrocyte membranes 
and the presence of the antibodies or antigens is then 
determined from fluctuations in the fluorescence 
signal (detected by a fiber optic probe) due to 
agglutination of the erythrocytes. This system can

25 produce only qualitative or, at best, semi-
quantitative results as to the presence or absence of 
antigens or antibodies of interest. When the assay is 
employed to measure the presence of antibodies in 
plasma, erythrocytes in the blood sample are removed

30 by the addition of colloidal magnetite particles and 
exposure of the sample to a magnetic field.

In diagnostic testing, it is often desirable
to sort out and separate for further analysis a cell
subpopulation or cell type of interest from a mixed

35 cell population. Affinity separation of cells using
protein-coated magnetic particles is known. Various
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methods for sorting biological populations via 
magnetic affinity separation have been described in 
the patent literature and elsewhere. See, for 
example, U.S. Patents 3,970,518, 4,710,472, 4,677,067,

5 4,666,595, 4,230,635, 4,219,411, 4,517,323; see also,
E. T. Menz et al., Am. Biotech. Lab. (1986); J. S. 
Kemshead et al. , Molec. Cell Biochem., .67.: 11-18 
(1985); T. Leivestad et al. , Tissue -Antigens, 28.: 46- 
52 (1986); and J. S. Berman et al., J. Immunol., 138:

10 2100-03 (1987). In performing such methods, a binding
molecule (e.g., monoclonal antibody) is typically 
conjugated to the magnetic particles, and added to a 
test sample under conditions causing binding to a 
characteristic determinant on the analyte of interest,

15 after which the test sample is exposed to a magnetic 
field. See, for example, the immunomagnetic 
separation technique described by Leivestad et al., 
supra. The magnetic particles and analyte affixed 
thereto can then be separated from the rest of t ,;e

20 population.
The use of magnetic affinity separation has 

been reported in clinical diagnostic immunoassays for 
soluble analytes which utilize a radioisotope (see, 
for example, Rattle et al.. , Clin. Chem., 30.: 1457-61

25 (1984) or fluorescent substance (see, for example,
U.S. Patent 4,115,535 to Giaever; Moscoso et al.,
Clin. Chem., 3.4: 902-05 (1988); R. D. Nargessi et al. , 
J. Immunol. Meth., 21·' 17-24 (1984); and Kamel et al. , 
Clin. Chem. , 26.: 1281-84 (1980) ) as the reporter

30 substance. The use of this methodology to separate
certain subpopulations of lymphocytes from bone marrow 
cells prior to transplantation and to eliminate post- 
transplantation graft vs. host reaction, has also been 
reported. See A. Butturini et al., Prog. Bone Marrow

35 Transpl., 413-22 (1987). Other reported uses of this 
technology include the separation of tumor cells (see:
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Kemshead et al. , B. J. Cancer, 54.: 771-78 (1986)) and 

the separation of lymphocyte subpopulations for 

subsequent functional evaluation (Berman et al., 

supra) .
5 The application of magnetic affinity cell

separation to the quantitation of lymphocyte subsets 

in blood has been reported. See J. Brinchmann, Clin. 

Exp. Immunol., 71.: 182-86 (1988) and references cited 

therein. In this procedure, blood samples were

10 incubated with superparamagnetic polymer microspheres 

coated with monoclonal antibodies specific for 

distinct lymphocyte subpopulations. The cells bound 

to the microspheres were isolated from the rest of the 

population by applying a magnetic field to the sample.

15 The separated cells were then lysed to detach them

from the microspheres, the microspheres and attached 

cell membranes were magnetically removed, and the 

resulting cell nuclei were stained and counted 

manually with a fluorescent microscope and

20 hemocytometer. The number of nuclei counted

corresponded to the number of cells in the sample in 

the subpopulation of interest. While this procedure 

may be used to enumerate the cells in a subpopulation 

of interest, manual enumeration of the cell nuclei is

25 very time consuming and susceptible to technical error 

in sample loading of the hemocytometer and counting. 

Such a procedure would not be suitable for use in a 

clinical setting.

A need exists, therefore, for improved

30 methods to determine the presence or quantity of

particular subpopulations of cells within a mixed cell 

population such as that which comprises whole blood. 

The characteristics of such improved methods should 

include: sensitivity comparable to or greater than

35 methods heretofore available, ability to analyze 

samples comprising a plurality of cells in a
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relatively brief time, and elimination of the need for expensive 

equipment and. highly skilled personnel to perform the method.
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According to a first aspect of the present invention there 

is provided a method for determining the presence or 

concentration of particulate analyte in a sample, the particles 

comprising said analyte having at least one characteristic 

determinant at a plurality of spaced-apart locations on the 

surfaces thereof, the density of said determinant on any one 

analyte particle in said sample being the same as or different 

from the density of said determinant on any other said analyte 

particle, said particulate analyte concentration being 

independent of said determinant density, said method comprising 

the steps of:

a) adding to said sample, substantially simultaneously, 

a separation reagent and a detection reagent characterized in 

that:

i) said separation reagent comprises an insolubilized 

phase having affixed thereto a specific binding substance that 

binds specifically to a characteristic determinant of said 

analyte said insolubilized phase facilitating separation of said 

analyte particles attached to said separation reagent from said 

sample ,·

ii) said detection reagent being in particulate form 

and comprising a detectable label and a specific binding 

substance that binds specifically to a characteristic determinant 

of said analyte, said detection reagent, when unbound, being 

separable from both said separation reagent and said detection 

reagent bound to said analyte,· and

iii) the amounts of said added separation and detection 

reagents being sufficient to substantially completely cover the 

surfaces of said analyte particles, thereby forming rosettes, the 

ratio of said added separation reagent to said added detection
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reagent being such as to effect separation of a constant fraction 

of said rosettes and render said separated rosettes detectable;

b) subjecting said sample to conditions promoting rosette 

formation between said separation and detection reagents and said 

analyte particles;

c) separating said rosettes from unbound detection 

reagent; and

d) measuring the label in said separated rosettes or in 

said separated unbound detection reagent, said measurement being 

determinative of the presence or concentration of said 

particulate analyte in said sample.

{ t '

According to a second aspect of the present invention there 

is provided a method for determining the presence or

4 ·. v
h‘ . concentration of particulate analyte in a sample, the particles 

comprising said analyte having at least one characteristic

€ ί
determinant on the surfaces thereof, the density of said 

... determinant on any one analyte particle in said sample being the

r . e
LU same as or different from the density of said determinant on any

t e
”*/ other said analyte particle, each said analyte particle having

• t
'·>/ a multiplicity of said at least one characteristic determinant 

at spaced apart locations on the surfaces thereof, said method 

comprising the steps of:

““ a) adding to said sample, substantially simultaneously,

a separation reagent and a detection reagent characterized in 

that,

i) said separation reagent comprises a particulate 

support for facilitating separation of said analyte particles 

attached to said separation reagent from said sample, and having 

affixed thereto a specific binding substance that binds 

specifically to a characteristic determinant of said analyte;

ii) said detection reagent comprises a particulate 

support including a detectable label and having affixed thereto 

a specific binding substance that binds specifically to a 

characteristic determinant of said analyte, said detection
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reagent, when unbound, being separable from said separation 

reagent and said detection reagent, when bound to said analyte; 

and

iii) the diameter of said particulate supports of said 

separation and said detection reagents is larger than the average 

distance between said spaced apart characteristic determinants, 

the amounts of said added separation and detection reagents being 

sufficient to substantially completely cover the surfaces of said 

analyte particles, thereby forming rosettes, the ratio of said 

added separation reagent said added detection reagent being such 

as to effect separation of a constant fraction of said rosettes 

and render said separated rosettes detectable;

b) subjecting said sample to 'conditions promoting rosette 

formation between said separation and detection reagents and said 

analyte particles,·

c) separating said rosettes from unbound detection 

reagent; and

d) measuring the label in said separated rosettes or in 

said separated unbound detection reagent, said measurement being 

determinative of the presence or concentration of said 

particulate analyte in said sample.

According to a third aspect of the present invention there 

is provided a method for determining the presence or 

concentration of a subset of lymphocytes in a blood sample, said 

lymphocytes having on the surfaces thereof at least one antigen 

selected from the group consisting of CD4, CD8, CD3, CD2, CD16, 

CD19, CD34 and CD56 antigens, the density of said at least one 

antigen on any one lymphocyte in said blood sample being the same 

as or different from the density of said at least one antigen on 

any other said lymphocyte, said lymphocyte concentration being 

independent of said antigen density, said method comprising the 

steps of :

a) adding to said blood sample a reagent mixture 

comprising a separation reagent and a detection reagent, 

characterized in that:

I

j
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i) said separation reagent comprises finely divided, 

magnetically responsive particles, to which are affixed 

monoclonal antibody that binds specifically to one antigen of 

said group of antigens, the diameter of said particles with said 

antibody affixed thereto being at least 0.1 microns;

ii) said detection reagent comprises finely divided 

non-magnetic particles that bear a detectable fluorescent 

substance and to which are affixed monoclonal antibody that binds 

specifically to said one antigen, the diameter of said 

fluorescent substance-bearing particles being at least 0.1 

microns; and

iii) the amounts of said added separation and detection 

reagents being sufficient to substantially completely cover the 

surfaces of said lymphocytes, thereby forming rosettes, said 

detection reagent comprising about 30 to about 70% and said 

separation reagent comprising the remaining about 30 to about 70% 

by particle count, of said reagent mixture,·

b) incubating the sample from step a) at a temperature in 

the range of about 40°C to about 37°C for a time sufficient to 

cause rosette formation between said separation and detection 

reagents and said lymphocytes;

c) magnetically separating the resultant rosettes from the 

non-magnetic components of said sample,-

d) washing said separated rosettes to remove therefrom 

unbound detection reagent; and

e) measuring the label in said washed rosettes, said 

measurement being determinative of the presence or concentration 

of said lymphocytes in said blood sample.

According to a fourth aspect of the present invention there 

is provided a test kit when used to perform the method of claim 

1, said test kit comprising:

i) a container which contains a separation reagent 

comprising an insolubilized phase for facilitating separsii#<\v of 

particulate analyte attached to said separation reagent a

i·* 

j > 

b
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test sample, said separation reagent having affixed thereto a 

specific binding substance that binds specifically to a 

characteristic determinant of said analyte;

ii) a container containing a detection reagent comprising 

a detectable label and a specific binding substance that binds 

specifically to a characteristic determinant of said analyte, 

said detection reagent, when unbound, being separable from both 

said separation reagent and said detection reagent bound to said 

analyte;

iii) a container containing a control detection reagent in 

particulate form, comprising a detectable label and a binding 

substance that binds non-specifically to said analyte, thereby 

functioning as a first non-specific binding control reagent; and

iv) a container containing a control separation reagent 

comprising an insoluble phase and a binding substance that binds 

non-specifically to said analyte, thereby functioning as a second 

non-specific binding control reagent for said separation reagent.
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According to a fifth aspect of the present invention there 

is provided a method of detectably labelling a particulate 

analyte in a sample, said analyte having at least one 

characteristic determinant at a plurality of spaced-apart 

locations on its surface, so that the amount of label associated 

with said analyte is substantially independent of the density of 

said at least one characteristic determinant on said analyte 

surface, said method comprising:

a) providing a detection reagent in the form of particles, 

said particles having an average diameter greater than about the 

average distance between said spaced-apart locations of said 

characteristic determinant on said analyte surface, said 

detection reagent comprising a detectable label, wherein the 

detectable label is not a paramagnetic label, and a specific 

binding substance that binds specifically to said at least one 

characteristic determinant of said analyte;
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fc>) adding said detection reagent to said sample in an 

amount sufficient to substantially completely cover the surface 

of said analyte, thereby forming rosettes comprising said analyte 

coated with said detection reagent; and

c) subjecting said sample to conditions promoting rosette 

formation between said detection reagent and said analyte.

According to a sixth aspect of the present invention there 

is provided a method for detecting a particulate analyte in a 

sample, said analyte having at least one characteristic 

determinant at a plurality of spaced-apart locations on its 

surface, so that the amount of label associated with said analyte 

is substantially independent of the density of said at least one 

characteristic determinant on said analyte surface, said method 

comprising:

a) providing a detection reagent in the form of particles, 

said particles having an average diameter greater than about the 

average distance between said spaced-apart locations of said 

characteristic determinant on said analyte surface, said 

detection reagent comprising a detectable label, wherein the 

detectable label is not a paramagnetic label, and a specific 

binding substance that binds specifically to said at least one 

characteristic determinant of said analyte;

b) adding said detection reagent to said sample in an 

amount sufficient to substantially completely cover the surface 

of said analyte, thereby forming rosettes comprising said analyte 

coated with said detection reagent;

c) subjecting said sample to conditions promoting rosette 

formation between said detection reagent and said analyte; and

d) detecting said detectable label.
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The present invention provides a convenient, 
reliable aid relatively inexpensive method for 
conducting analyses of various particulate analytes,
e.g., human cells. The method of the invention 
involves analyte-specific interaction between a pair 
of reagents, comprising a detection reagent and a . 
separation reagent, and a characteristic determinant 
associated with the particulate analyte at spaced 
apart locations on the surface thereof. The preferred 
embodiment of this method is independent of the 
concentration or density of the characteristic 
determinant on the analyte particles, which can vary 
from one analyte to another, or from particle to 
particle within a single analyte.

The separation reagent used in the practice 
of this invention comprises an insolubilized phase for 
facilitating separation from the test sample of 
analyte particles that become attached thereto in 
performing the present method. A specific binding 
substance that binds specifically to a characteristic 
determinant of the analyte is affixed to the
insolubilized phase.

The detection reagent comprises a detectable 
label in particulate form which is also preferably 
associated with an insolubilized phase. The detection 
reagent also comprises a specific binding substance 
that binds specifically to a characteristic 
determinant of the analyte, which may be the same as 
or different from the determinant which is bound by 
the specific binding substance associated with the 
separation reagent. The detection reagent, when
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unbound, must be separable from the analyte-bound 

detection reagent via the analyte-bound separation 

reagent. It must also be separable from the unbound 

separation reagent. This enables quantitation of the

5 analyte concentration via monitoring either the 

analyte-bound or unbound detection reagent.

In carrying out the method of the present 

invention, the detection reagent and separation 

reagent are added substantially simultaneously to the

10 sample containing the analyte of interest. The

amounts of added separation and detection reagent 

should be sufficient to substantially completely cover 

the surfaces of the analyte particles, thereby to form 

rosettes. The ratio of added separation reagent to

15 added detection reagent should be such as to effect 

separation of a constant or fixed fraction of said 

rosettes and render said separated rosettes 

detectable. Preferably, the method is carried out 

under conditions whereby the rosettes are

20 substantially completely separable from the sample.

The sample is thereafter subjected to

conditions promoting rosette formation between the 

separation and detection reagents and the analyte 

particles and the resulting rosettes are separated

25 from unbound detection reagent.

The label in either the separated rosettes

or in the separated unbound detection reagent is then 

measured, the measurement being determinative of the 

presence or concentration of the particulate analyte

30 in the sample.

According to a particularly preferred

embodiment, the method of the present invention is 

performed on whole blood for lymphocyte subset 

monitoring of AIDS patients. This embodiment of the

35 invention is performed by adding to a sample of whole 

blood an admixture of the aforementioned separation



WO 94/22013

Ί

PCT/US94/03033

- 8 -

reagent and detection reagent. In this embodiment, 

the separation reagent comprises finely divided, 

magnetically responsive particles, to which are 

affixed monoclonal antibody that binds specifically to

5 a cell surface antigen on the lymphocytes of interest, 

e.g., anti-CD4 or anti-CD8. In practice, the diameter 

of separation reagent particles with antibody affixed 

thereto will ordinarily be at least 0.1 microns. The 

detection reagent also comprises a finely divided

1C particulate support, but one which is nonmagnetic and 

bears a detectable fluorescent substance. The 

detection reagent is rendered immunologically reactive 

toward the target lymphocyte by affixing thereto 

monoclonal antibody that binds specifically to an

15 antigen on the lymphocytes of interest, preferably the 

same antigen to which the separation agent 

specifically binds. The diameter of the fluorescence 

substance-bearing particles comprising the detection 

reagent should be at least 0.1 microns.

20 The amounts of the added separation and

detection reagents should be sufficient to 

substantially completely cover the surfaces of the 

lymphocytes of interest, so as to form rosettes, with 

the detection reagent generally comprising about 30 to

25 70 percent of the assay reagent solid phase

components, by particle count, weight or concentration 

(depending on the nature of the reagent). The solid 

phase which constitutes the separation system

comprises the remaining 30 to 70 percent of the solid

30 phase assay components.

The resulting sample is then subjected to

conditions causing rosette formation between the 

separation and detection reagents and the lymphocytes 

of interest, after which the rosettes thus formed are

35 magnetically separated from the non-magnetic 

components of the test sample.
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The separated rosettes are then washed to 

remove unbound detection reagent and the label in the 

separated rosettes is measured, the measurement being 

determinative of the presence or concentration of the

5 lymphocytes of interest in the blood sample.

The present invention uses to advantage the 

principle which is referred to herein as antigen 

density-independent cell labelling. In practice, 

particulate analytes, including any mammalian cell

10 type, having at least one characteristic determinant 

at a plurality of spaced-apart locations on the 

particle surface can be labelled such that the amount 

of label associated with the analyte of interest is 

substantially independent of the density of the

15 characteristic determinant on the surface thereof.

Antigen density-independent labelling of a cell type 

of interest within a mixed cell population, in 

accordance with the present invention, involves the 

use of a detection reagent in the form of particles

20 having an average diameter greater than about the

average distance between the spaced-apart locations of 

the characteristic determinant on the analyte

surfaces. The detection reagent further comprises a 

detectable label and a specific binding substance that

25 binds specifically to one and the s^me characteristic 

analyte determinant. The detection reagent is added 

to a test sample containing the analyte of interest in 

an amount sufficient to substantially completely cover 

the surface of the analyte, so as to form rosettes

30 comprising the particulate analyte of interest coated 

with the detection reagent particles. Thereafter, the 

sample is subjected to conditions promoting rosette 

formation, thereby detectably labelling the analyte 

such that the amount of label associated with the

35 analyte is substantially independent of the density of 

the characteristic determinant on the analyte surface.
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According to another aspect of the 

invention, a test kit is provided for performing the 

above-described assay. Such a test kit may include 

various components depending on the nature of the

5 cells sought to be determined. A test kit would

typically comprise primary assay reagents consisting 

of containers of detection and separation reagents 

specific for the target cell type, as well as 

containers of detection and separation reagents which

10 are not targeted to a specific cell type, as non

specific binding control reagents. Separate 

containers of calibrator reagents would also be 

provided. Assay plates and a set of user instructions 

would also typically be included in the kits. The

15 test kits may also include other accessories useful in 

carrying out the methods of the invention.

The assay method of the invention may be 

used as an adjunct to, and in certain instances as a 

replacement for, the above noted analytical techniques

20 currently applied in clinical laboratories, whose

purpose is to screen for changes in cell frequency, 

viz., flow cytometry or fluorescence microscopy. The 

methods described herein utilize multiparametric 

measurement, which previously was limited to flow

25 cytometric analysis, while substantially reducing the 

time burden inherent in flow cytometry. Moreover, 

unlike flow cytometry, the methods of the invention do 

not require complex, expensive equipment and highly 

skilled personnel.

30 The method of the invention has other

decided advantages over the prior art. Thus, the cell 

subset of interest may be reliably quantitated from 

whole blood in the clinical setting without extraneous 

analysis. Other methods for determining the absolute

35 concentration of cells in a subset of interest utilize 

two or more different measurements to obtain the value
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of interest. For example, flow cytometry measures the 

proportional number, rather than absolute number of 

lymphocytes of interest in a sample. To obtain the 

absolute blood concentration of a cell type of

5 interest (e.g., CD4 lymphocytes), the following 

calculation must be made:

#CD4 lymphocytes per liter blood = (% CD4) 

lymphocytes) x {% lymphocytes in white blood

10 cells) x (# white blood cells per liter blood)

Such an analysis requires three sets of measurements: 

flow cytometry, white blood cell count, and 

differential white cell count. Typically, the flow

15 cytometric analysis is performed in an immunology

laboratory while the white blood cell and differential 

counts are performed in a hematology laboratory.

These may be different laboratories within the same 

facility or may be located at different facilities.

20 However, the data from both laboratories must be 

compiled in order to obtain the results which are 

reported to the clinician.

The reliability of such cytometric analysis 

is essential for proper diagnosis. For example, the

25 decision of whether to initiate azidothymidine (AZT)

therapy in AIDS patients rests on a measurement of the 

number of CD4 lymphocytes per liter of the patient's 

blood. If this number falls below 0.500 x 109 CD4 

cells per liter, AZT therapy is recommended. See

30 State-of-the-Art conference on Azidothymidine Therapy 

for Early HIV Infection, Am. J. Medicine, .89: 335-44 

(Sept. 1990). Since flow cytometric analysis involves 

the calculations described above, any alteratii i in 

the fraction of lymphocytes in blood will cause an

35 error in the calculated CD4 lymphocyte concentration. 

Neutrophils, which typically comprise half or more of

5

/
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the white blood cells, are fragile and may degrade 

during specimen storage or transport to the clinical 

laboratory. A decrease in the fraction of neutrophils 

in the white blood cells would cause a concomitant

5 increase in the measured fraction of lymphocytes, and 

thus a potentially erroneous measurement of CD4 

lymphocytes per liter of blood. Such a result could 

lead a physician to recommend against AZT therapy 

when, in fact, the patient should be receiving it.

10 Furthermore, the methods of the invention

provide a bulk assay technique for directly 

quantitating analytes of interest in a given 

biological sample, i.e., no correlation of an 

antigen's total expression with a cell concentration

15 is required.

Other advantages of the present invention 

will be apparent to those skilled in the art upon 

consideration of the drawings in conjunction with the 

detailed description of the invention presented below.

20

BRIEF DESCRIPTION OF THE DRAWINGS

FIGURE 1 is a photomicrograph which 

illustrates the principle of bead resetting. The 

figure shows a rosetted CD4 lymphocyte after

25 equilibrium binding with a CD4 immunomagnetic

separation reagent, and magnetic washing to remove 

unbound cells.

FIGURE 2 is a schematic depiction of an 

assay for CD4-bearing target cells in which both the

30 immunomagnetic separation reagent and

immunofluorescent detection reagent are targeted to 

the CD4 antigen. Figure 2A depicts the binding step, 

in which both the detection and separation reagents 

simultaneously bind to the target cells, forming a

35 rosette. At equilibrium, CD4-bearing cells are

completely coated by the two reagents, while other
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cells are not. In Figure 2B, the previously formed 

rosettes are depicted, washed free of non-target cells 

and unbound detection reagent, so that the only 

detection reagent remaining is bound to target cells,

5 providing the means to quantify them.

FIGURE 3 is a graphic illustration of the 

determination of optimum ratio of non-magnetic, 

immunofluorescent detection reagent to immunomagnetic 

separation reagent for assaying lymphocytes, in 

10 accordance with the method of the invention, on the

basis of CD4 or CDS as the characteristic determinant.

FIGURE 4 shows the correlation between 

results obtained in lymphocyte assays using the method 

of the invention versus a reference method comprised 

15 of the combination of CDC/differential counting and

flow cytometry. Figure 4A sets forth the results of a 

CD4 lymphocyte assay. Figure 4B sets forth the 

results of a CD8 lymphocyte assay.

FIGURES 5A and 5B show flow cytometric 

20 histograms for indirect immunofluorescence labelling 

of the CD4 and CD8 T-cell subsets, respectively.

FIGURES 5C and 5D show flow cytometric 

histograms for CD4 and CD8 T-cell subset labelling in 

accordance with the present invention.

25 In FIGURES 5A, 5B, 5C and 5D, the x-axis

represents the fluorescence intensity plotted on a 

logarithmic scale and the Y-axis represents the cell 

count for each x-axis fluorescence channel.

FIGURE 6 is a schematic representation of

30 spherical particles binding to cells in the range

where the particles are much larger than the cells.

In the limit where particles are very large relative 

to the size of the cell, exactly two beads will bind. 

The third bead is sterically hindered from binding.

FIGURE 7 is a schematic representation of 

spherical particles binding to cells in the range where

35
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the particle size is of the same order of magnitude as 

that of the target cell. In this range, cell size 

variations lead to discontinuous changes in the 

fluorescence intensity. Exploitation of the

5 discontinuous change in fluorescence intensity by a

judicious choice of particle size allows for both cell 

size and antigen density independent cell labelling.

FIGURE 8 is a schematic representation of 

spherical particles binding to cells in the range

10 where the particles are much smaller than the target 

cells. In this size, nearly continuous changes in 

fluorescence allow for antigen density independent, 

but cell size dependent cell labelling.

15 DETAILED DESCRIPTION OF THE INVENTION
The present invention provides methodology 

for efficiently and reliably determining the presence 

or concentration of various particulate analytes, 

which may be any constituent of a particle nature that

20 is present in a test sample or specimen, the presence 

of which analyte may be determined by selective 

interaction with a specific binding substance. The 

term "particulate analyte", as used herein, thus 

includes a variety of substances of potential

25 biological or medical interest which may be measurable 

individually or as a group. Representative examples 

of "particulate analytes" include cells, both 

eucaryotic (e.g., leukocytes, erythrocytes or fungi) 

and procaryotic (e.g., bacteria, protozoa or

30 mycoplasma), viruses, cell components, macromolecules 

and the like. Often it is desirable to determine the 

presence or quantity of a particular cell type for 

diagnostic or therapeutic purposes. Examples include 

the determination of leukocytes within a population of

35 blood cells, helper T lymphocytes within a population 

of lymphocytes, fetal cells within maternal
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circulation, virus -infected, cells within a population 

of uninfected and infected ceils, or neoplastic cells 

within a population of horrnal and neoplastic cells. 

Although the method of this invr tion is useful for

5 tne determination of many different types of

particulate analyte, it will be described hereinbelow 

with particular reference to the detection of human 

blood cells.

The foregoing analyte determinations can be 

10 performed using the method of the invention, which

takes advantage of the phenomenon known in the field 

of hematology as "rosetting". Thus, when cells that 

express a characteristic determinant, e.g., a surface 

antigen, are incubated with a saturating concentration

15 of particulate reagent to which is affixed an antibody 

against the characteristic determinant, the target 

cells are rosetted by the particulate reagent. That 

is to say, the reagent particles completely coat the 

cell surface. As applied in the practice of the assay

20 of this invention, the total number of reagent

particles, i.e., detection reagent and separation 

reagent, which bind the cell type of interest is a 

function of the relative sizes of the reagent 

particles and cells and the total cell concentration.

25 The term "determinant" is used herein in its

broad sense to denote an element that identifies or 

determines the nature of something. When used in 

reference to the method of the invention,

"determinant" means that portion of. an analyte which

30 is involved in and responsible for selective binding

to a specific binding substance, the presence of which 

is required for selective binding to occur.

The expression "characteristic determinant" 

when used herein in reference to cells, for example,

35 signifies an epitope (or group of epitopes) that 

serves to identify a particular cell, type and

/

/

1
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distinguish it from other cell types. Cell-associated 

determinants include, for example, components of the 

cell membrane, such as membrane-bound proteins or 

glycoproteins, including cell surface antigens of

5 either host cell or viral origin, histocompatibility 

antigens or membrane receptors. Thus, in an analysis 

of lymphocytes, the characteristic antigen may be one 

or more of CD2, CD3, CD4, CD8, CD16, CD19, CD34 and 

CD56 .

10 The expression "specific binding substance",

as used herein, refers to any substance that 

selectively recognizes and interacts with a 

characteristic determinant on an analyte of interest, 

to the substantial exclusion of determinants present

15 on analytes that are not of interest. One class of 

specific binding substances used to selectively 

interact with the above-mentioned cellular 

determinants are antibodies capable of

immunospecifically recognizing same. Based on such

20 selective recognition, the specific binding substance 

is capable of selective interaction and binding with a 

cell type of interest to foxrni rosettes that are 

physically separable from the test medium and other 

components therein which are not of interest, , "

25 The term "antibody" as used herein includes

monoclonal or polyclonal immunoglobulins and ·

immunoreactive immunoglobulin fragments.

Representative examples of characteristic 

determinants And their specific binding substances

30 are: receptor-hormone, receptor-ligand, receptor- 

agonist, receptor-antagonist, Protein A-lgG Fc 

component, Protein G-lgG Fc component, avidin-biotin, 

receptor-virus and receptor-lectin.

Analytes of potential biological or medical
35 interest may be present in test samples or specimens

of varying origin, including biological fluids such as
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whole blood, serum, plasma, saliva, urine, 

cerebrospinal fluid, amniotic fluid, lavage fluids and 

tissue extracts. The methods of the invention may 

also be performed on other test samples of interest,

5 including environmental waters, e.g., waste water, 

well drilling fluids, and the like.

Cell types that are determinable in 

accordance with the present invention include cells of 

human or animal origin or cultured cells. Of

10 particular interest in diagnostic, therapeutic and 

research applications are lymphocytes, including B 

cells, T cells and recognized T cell subsets, such as 

helper T cells or suppressor/cytotoxic T cells. 

Different lineages of cells are characterized by

15 expression of characteristic antigens or ligands. For 

example, B cells from mammalian blood samples express 

a number of surface antigens distinct from those 

expressed by T cells from the same sample.

Quantitation of one cell type from a sample may be

20 important in assessing certain pathological

conditions. In the case of an individual infected 

with human immunodeficiency virus (HIV), blood tests 

are conducted for T helper cells bearing CD4 

glycoprotein for purposes of determining the stage of

25 disease and monitoring treatment. As discussed

earlier, direct measurement of these cells at the time 

the sample is taken is important for the accurate 

assessment of the condition of the patient. As 

another example, an abnormally large proportion of a

30 single B cell clone in a patient's blood may be 

indicative of a leukemic condition.

Cells from the same lineage at different

stages of differentiation are also distinguishable by

expression of characteristic antigens or ligands. For

35 example, as a B lymphocyte develops from1 a stem cell

to a pre-B cell and ultimately to a mature B cell, the
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cell membrane markers change in a predictable manner 

as the cell matures. A mature B cell expresses 

immunoglobulins as ligands on the cell membrane, 

whereas a pre-B cell expresses only cytoplasmic

5 immunoglobulin heavy chains, which provides the basis 

for differential reactivity of these cell subsets, 

permitting subsequent determination.

Differential expression of ligands can 

further provide a basis for assessing pathogenesis

10 such as viral infection. Virally infected cells may

express viral markers which are absent from uninfected 

cells within the cell population.

The two principal reagents used in 

performing the assay of the invention are a separation

15 reagent and a detection reagent. A set of calibration 

reagents are also beneficially employed in performing 

this assay, as will be discussed below.

The separation reagent comprises an 

insolubilized or solid phase that facilitates

20 separation of target analyte from the test sample.

The separation reagent also comprises a specific 

binding substance capable of binding specifically to a 

characteristic determinant of the analyte.

The insolubilized phase of the separation

25 reagent is preferably a particulate magnetic material. 

Suitable particulate magnetic materials are those 

exhibiting ferromagnetism, paramagnetism or 

superparamagnetism, the latter material becoming 

magnetized only upon exposure to a magnetic field.

30 Such magnetic materials may be impregnated or embedded 

in, or coated on or by various organic or inorganic 

materials. Suitable organic particulate supports 

include biocompatible homopolymers, e.g., polystyrene 

and co-polymers, e.g., styrene-acrylate . Ceramic

35 materials of diverse composition may also be used as 

the insolubilized phase of the separation reagent.
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The chemical composition of the particulate support 

for the separation reagent is not critical, apart from 

the requirement that it be compatible with biological 

analytes. The separation reagent may be prepared from

5 any material to which protein may be absorbed or

covalently coupled, either directly or indirectly. 

According to a preferred embodiment, the separation 

reagent is an immunomagnetic particle capable of 

binding specifically to a characteristic determinant

10 of the analyte of interest. Particularly preferred 

are polymeric spheres enveloping or coated with 

magnetic material.

The detection reagent is in particulate 

form, comprising a detectable label and a specific

15 binding substance that binds specifically to a

characteristic determinant of the analyte of interest.

The expression "detectable label" is used 

herein to refer to any substance whose detection or 

measurement, either directly or indirectly, by

20 physical or chemical means, is indicative of the 

presence of the analyte of interest in the test 

sample. Representative examples of useful detectable 

labels include, but are not limited to, the following: 

molecules or ions directly or indirectly detectable

25 based on light absorbance, fluorescence, reflectance, 

light scatter, phosphorescence, or luminescence 

properties; molecules or ions detectable by their 

radioactive properties; and molecules or ions 

detectable by their nuclear magnetic resonance or

30 paramagnetic properties. Included among the group of 

molecules indirectly detectable based on light 

absorbance or fluorescence, for example, are various 

enzymes which cause appropriate substrates to convert, 

e.g., from non-light absorbing to light absorbing

35 molecules, or from non-fluorescent to fluorescent 

molecules .
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According to a preferred embodiment of the 
invention, the detectable label is incorporated into a 
particulate, insoluble support or carrier.
Particularly preferred are polymeric spheres
impregnated with fluorescent dyes. However,

detectable macromolecules that are intrinsically 
particulate may be used if desired.

Specific binding substance may be 
conveniently affixed to a particulate material (solid 
phase or insoluble fluid phase) according to
techniques well known in the art. Suitable techniques 
for this purpose include cross-linking, covalent 
binding or physical adsorption. A procedure for 
coupling specific binding substances to a magnetic 
solid phase, e.g., particulate magnetite, is described 
in E. Menz et al., Am. Biotech. Lab. (1986).

In preparing the assay reagents, a primary 
specific binding substance may be used in conjunction 
with a secondary or auxiliary specific binding 
substance which is capable of interacting selectively 
with the primary specific binding substance and which 
is affixed to a particulate support. Representative 
primary and auxiliary specific binding substances 
useful for this purpose are: murine antibody/Protein 
A affixed to a solid phase; murine antibody/anti-mouse 
immunoglobulin raised in another species and affixed 
to a solid phase; and biotinylated antibody/avidin 
affixed to a solid phase.

In practice, it has been found convenient to 
adsorb an auxiliary antibody (e.g., rat anti-mouse 
IgGl specific) onto the particulate support, followed 
by capture of the primary antibody which is specific 
to the characteristic determinant on the analyte of 
interest. Preparation of assay reagents in this way 
has three advantages. First, it allows the use of the 
same "core particle" in the preparation of various
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different cell-specific reagents. Second, isotype- 
specific capture optimizes the presentation of the 
active binding sites for the cell-specific antibodies. 
Third, the auxiliary antibody provides a functional

5 spacer between the particulate support and the
specific antibody, which is believed to improve the 
binding of the reagents to cells. Alternatively, a 
cell-specific antibody could be covalently conjugated 
to a particulate support through a previously

10 covalently conjugated spacer molecule. The length of 
such a spacer could be varied as desired, depending on 
the analyte sought to be determined.

The binding specificity (rat anti-mouse IgGl 
specific) and nature (monoclonal/polyclonal) of the

15 auxiliary antibody is not critical. The isotype
specificity could be changed, i.e., IgG2a, to match 
the isotype of a different cell-specific antibody. 
Furthermore, the auxiliary antibody could be produced 
in a different species (e.g., chicken or rabbit).

20 Moreover, there is no special requirement that the
auxiliary antibody (or the cell-specific antibody) be 
monoclonal. A polyclonal goat anti-mouse serum would 
be expected to produce comparable results.

The specific binding substance incorporated
25 in the separation reagent and the detection reagent 

should be directed against the same characteristic 
determinant on the analyte of interest, so that the 
labelling of the target analyte is independent of 
antigen density above a minimum threshold, thereby

30 achieving the most accurate quantitation.
According to the preferred embodiment of the

invention exemplified below, which involves cell
monitoring based on immunological interaction between
target cells and separation and detection reagents,

35 the antibodies bound to the reagents are directed
against the same target antigen, so as to maintain the
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antigen density independence of the analysis. Of 
course, the methods of the invention may be carried 
out with reagents comprising antibodies directed 
against different characteristic antigens on the cell

5 types of interest and enable qualitative cell
determinations, provided the target antigens are 
stably and uniformly expressed. Even if the target 
antigens are not stably and uniformly expressed, the 
methods of the invention are nonetheless useful for

10 the purpose of qualitative cell determinations.
Since the binding of a particulate reagent

to a particulate analyte is dependent on multiple 
antigen-antibody interactions, it should be recognized 
that the efficiency of both labelling and separation

15 will be dependent on achieving a specific threshold 
number of antigen-antibody interactions. Above this 
threshold, both labelling and separation will be 
antigen density independent and assay results will 
achieve the greatest accuracy. Consequently, the term

20 "target analyte", as used herein, refers to those
analyte particles possessing the target determinant 
above a threshold density defined by the ability of the 
assay reagents to successfully label and separate said 
analytes under the conditions of practice of the assay.

25 The particulate support for the separation and
detection reagents may be of any relative size and 
density, so long as the diameter of the particles is 
relatively larger than the average spacing between the 
target characteristic determinants on the surface of the

30 particulate analyte of interest. For purposes of cell 
analytes, the average inter-antigen spacing for any 
given antigen on any given cell type may be readily 
determined by a Scatchard binding analysis of the 
specific binding substance to the target cell type. For

35 this analysis, the total number of binding sites for the 
specific binding substance is determined in a fixed
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concentration of target cells. With this information, 

the average inter-antigen spacing can be calculated.

As previously noted, the average diameters of 

the particulate separation and detection reagents are at

5 least 0.1 microns, and may be as large as 10 microns. 

According to a particularly preferred embodiment, the 

particulate supports of both such reagents are of 

substantially uniform particle size, which is within the 

range of 4-6 microns.

10 Cell analysis in accordance with the methods

of this invention is conveniently performed using an 

immunomagnetic separation reagent and a non-magnetic, 

immunofluorescent detection reagent in 96-well 

microtiter plates which are then read on a fluorescence

15 reader. The results from the fluorescence reader are 

obtained as raw data (fluorescence signal per well). 

Calculations are then made to determine the absolute 

target cell counts of the test sample or specimen 

(reported in cells/mm3) .

20 The fluorescence reader used in carrying out

the methods of the invention should be calibrated and 

operated according to the manufacturer's

recommendations .

Working mixtures of the separation reagent,

25 detection reagent and an isotype control reagent should 

be prepared daily, by mixing appropriate amounts of 

respective reagent, as will be discussed in further 

detail below. Ordinarily, the resulting working reagent 

mixture will be stable for up to five hours at 4-8°C.

30 Before preparing the working mixture, the containers of 

the individual reagents should be agitated to make sure 

the individual particles are suspended and well mixed.

The detection and separation reagents are 

added to a test sample in various amounts, depending on

35 the nature of the analyte sought to be determined. The 

amount used must be sufficient to substantially
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completely cover the surfaces of the particulate 
analytes, thereby to form rosettes. The appropriate 
amount of each reagent for assaying a specific cell type 
can be determined by routine experimentation.

5 The term "rosette" is a term of art well known
in the field of biology, which is used to refer to a 
cell analysis technique in which surface structures are 
determined by interaction with indicator particles 
(typically erythrocytes) to form a group of cells

10 consisting of a centrally located cell of interest which 
is surrounded by adherent indicator particles. The 
phenomenon of rosetting is to be distinguished from 
agglutination, the latter term referring to a process 
involving the formation of clumps or networks of cells

15 or microorganisms, due to immunological interaction 
between cell-surface antigens and antibodies.

The relative amounts of detection reagent and 
separation reagent used in carrying out the method of 
the invention should be such as to effect separation of

20 a fixed fraction of the analyte of interest and produce 
a fluorescent signal with adequate sensitivity. It is 
particularly preferred that the relative amounts of 
separation and detection reagent be chosen to maximize 
the resulting fluorescent signal. This is because the

25 fraction of target cells separated is dependent on the 
distribution of separation reagent particles bound to 
target cells. This distribution is a fixed function of 
the ratio of separation to detection system particles 
and is independent of the total particle concentration

30 within the saturating particle concentration range. 
Therefore, a different fixed fraction of the target 
cells will be separated at each particle ratio. 
Consequently, the fixed fraction separation requirement 
can be met at any particle ratio which provides a

35 detectable signal.

i
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The assay of the invention is performed by 
adding to a test sample, substantially simultaneously, 
the above-described separation reagent and detection 
reagent in the relative amounts previously noted.

5 Substantially simultaneous addition of the primary assay 
reagents to the sample is essential in order to form 
rosettes having appropriate amounts of reagents bound 
thereto, so as to make the analyte both separable and 
detectable. If the detection reagent and separation

10 reagent are added serially over an interval of time
sufficient for the first added reagent to substantially 
cover the surface of the analyte of interest, an 
accurate measurement of the analyte concentration is not 
possible. The preferred practice, therefore, is to

15 premix the detection and separation reagents, at the
optimum ratio as determined in Example 2, below, to form 
a working reagent mixture.

The sample containing the added primary 
reagents is incubated, generally at a temperature of

20 about 4°C to about 37oC, or possibly higher depending on 
the nature of the target cells (mammalian versus non
mammalian) , and the denaturation temperature of the 
antibody used as the specific binding substance. 
Typically, incubation is carried out at a temperature of

25 about 15 to about 25°C for a time sufficient to promote 
rosette formation between the primary reagents and the 
analyte particles. Generally, the time required for 
rosette formation is on the order of 5 minutes. The 
sample is generally agitated such that the analyte and

30 particulate reagents remain uniformly mixed.
The resulting rosettes are separated from any

unbound detection reagent and other potentially
interfering matter present in the test sample. The
separation step is facilitated by including magnetic

35 material as a component of the separation reagent.
Accordingly, separation may be readily performed using
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various commercially available magnetic separation 
devices. The term "separation", as used herein, 
includes the act of physically withdrawing one distinct 
phase from another (e.g., removal of solid phase from 
liquid phase), or the act of segregating two phases 
while the phases remain in contact, e.g., by magnetic 
sedimentation.

The label may be detected either in the 
separated rosettes or in the separated unbound detection 
reagent, the former procedure being preferred. The 
measurement thus obtained is determinative of the 
presence or concentration of the analyte of interest in 
the test sample.

The measured label may be correlated to a pre
determined standard. In a quantitative cell 
determination, for example, the amount of measured label 
is compared to the amount of label detected in, e.g., 
one or more pre-measured quantities of similarly 
labelled cells, so as to establish the absolute quantity 
of the cell type of interest in the sample.

Quantitative cell determinations usually 
involve the preparation of a standard curve, containing 
increasing known quantities of appropriately labelled 
cells. These known quantities of cells are plotted 
against the amount of measured label. Based on the 
standard curve, the quantity of cells comprising a 
particular cell type in the test sample may be derived 
from the amount of label detected therein.

Because quantitative cell determination may 
involve variable parameters, such as temperature 
dependent reagent activity and instrument assisted 
measurements, which may not be consistent from day to 
day, the cell standard curve must be calibrated against 
known quantities of detectable label. To this end, a 
linear series of calibration reagent is prepared from 
standard amounts of the det&ctable label, which is
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incorporated into the same particulate support used for 
the detection reagent. During the process of generating 
the standard curve, following separation, the known 
amount of detectable label present in the separated

5 portion can be measured. By comparing the measurements 
of the cell standard curve with the predetermined 
standard quantity of the detectable label (i.e., 
calculate the ratio of the cell standard curve 
measurements to the slope of the calibration reagent

10 line), a standard curve can be derived which is 
independent of the previously mentioned variable 
parameters. The absolute number of cells in an unknown 
sample can then be calculated from the ratio of the 
amount of detectable label in the unknown sample to the

15 slope of the same linear calibration reagent and 
comparing the result to the standard curve.

The calibration reagents are prepared 
essentially as a dilution series of the particulate 
support to which the detectable label is attached, as

20 will be discussed in the examples.
The reporter substance may be detected in 

several ways, well known to those skilled in the art.
The quantity of detectable label in either of the above- 
mentioned separated components of the test sample is

25 preferably determined directly from measurements using 
automated techniques.

According to the present invention, there is 
also provided a method by which cells can be labelled 
using an antibody directed against a target cell

30 membrane antigen in a way in which the level of
labelling is independent of the target antigen density. 
Thus, when cells which express an identifiable, 
characteristic antigen are incubated with a saturating 
concentration of particulate detection reagent, which is

35 conjugated with an antibody that immunospecifically
recognizes the characteristic antigen, the target cells
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are rosetted by the particulate detection reagent, the 
occurrence of rosetting being central to obtaining 
antigen density-independent cell labelling. As a 
result, the total number of detection reagent particles 

5 which bind a cell is a function of the relative sizes of 
the particles and cell and is, therefore, independent of 
the antigen density of the cell. In practice, the 
particulate detection reagent may be of any relative 
size, so long as the average diameter exceeds the 

10 average inter-antigen spacing for the target antigen.
Antigen density-independent cell labelling can 

be carried out using any of various labelling substances 
incorporated in the particulate support of the detection 
reagent. Representative examples of suitable labelling 
substances include those selected from the group 
consisting of molecules or' ions directly or indirectly 
detectable based on light absorbance, fluorescence, 
phosphorescence or luminescence properties; molecules or 
ions detectable by their radioactive properties; and 

20 molecules or ions detectable by their nuclear magnetic 
resonance. Among the various types of suitable 
labelling substances, fluorescent labels are 
particularly preferred. ,

Labelling of an identifiable, characteristic 
25 cell surface antigen is achieved by means of the 

antibody associated with the label which
immunospecifically recognizes such antigen, monoclonal 
antibodies being particularly preferred.

The methodology for antigen density- 
30 independent cell labelling can be optimized, based on

appropriate selection of the detection reagent particle 
sizes, so that the level of labelling is either 
maximally sensitive or insensitive to the cell size.
Such optimization is determined by the functional
relationship between cell size and degree of labelling
which can be achieved for different sized detection l) 

vr ---
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reagent particles. For very small particles which 
barely exceed the inter-antigen spacing for the target 
antigen, a virtually continuous function will describe 
the relationship between cell size and degree of

5 labelling. As the detection reagent particles become

larger, however, the function will become discontinuous, 
such that a single degree of labelling will exist over a ■
range of cell sizes. The conceptual basis of this 
approach is described in further detail in the examples

10 below.

A test kit for use in practicing the assay of 
this invention would typically be comprised of: (1) 
containers of particulate detection reagent li
incorporating a specific binding substance directed to >

15 the target analyte; (2) containers of particulate
separation reagent incorporating a specific binding 
substance directed to the target analyte; (3) a 
container of particulate detection reagent incorporating 
a non-specific binding substance as a non-specific

20 binding control reagent; (4) a container of particulate (f-separation reagent incorporating a non-specific binding ,
substance as a non-specific binding control reagent; (5) 
one or more containers of assay calibration reagents ;
consisting of various concentrations of the particulate '

25 labelling reagent used in the assay detection system; \
(6) 96-well assay plates or other appropriate containers 
(test tubes,, etc.) in which to run the assay; and (7) a 
set of user instructions.

The following examples are provided to t
30 describe the present invention in further detail. These !

examples are intended merely to illustrate specific f
applications of the methods of the invention and should Γ
in no way be construed as limiting the invention. I

iti?
35
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EXAMPLE 1 - Preparation of Assay Reagents

Detection reagent and the sepa?.-ation reagent 

were prepared using substantially the same procedure, 

the essential clfference between the reagents being the

5 nature of the particulate support. Fluorescent

polystyrene particles (Polyscience, Inc.) of 6 micron 

diameter were used as the particulate support for the 

detection reagent, whereas magnetite coated styrene- 

acrylate particles (Nippon Paint, Inc.) of 6 micron

10 diameter were used as the particulate support for the 

separation system.

In each case the particulate supports were 

washed twice with a high pH protein-free buffer (0.1 M 

boric acid, pH 8.5). The washed particles were then

15 exposed to 200 ^g/ml of a rat anti-mouse IgGl isotype

specific monoclonal antibody in the same wash buffer for 

18-24 hours. The antibody adsorbed onto the surface of 

the particles. At the end of the incubation period, the 

free antibody was removed by several wash steps. The

20 antibody-coated particles were then exposed to mouse 

antibodies of the IgGl isotype directed against the 

appropriate cell type of interest, such as anti-CD4, 

anti-CD8 or non-specific IgGl to provide a non-specific 

binding control reagent, for a period of two hours. The

25 concentration of the solutions of monoclonal antibody 

directed against the target cell type were within the 

range of 20-100 Mg/ml in the aforesaid high pH buffer, 

with 1% bovine serum albumin (BSA) added. At the end of 

the final incubation, the respective assay reagents were

30 washed several times and resuspended to 2 χ 108

particles/ml in the high pH buffer, containing 1% BSA.

The calibration reagents were prepared as a 

serial dilution of the particulate support to which the 

detectable label was attached. The particulate

35 concentration of the high calibrator (C3) was adjusted

such that the fluorescence intensity of a 100 microliter

y
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aliquot was three-fold brighter than a specimen 

containing 1000 CD4 cells/mm3 of whole blood, when 

assayed with a matched set of primary reagents, as 

defined in Example 2. An aliquot of the high calibrator

5 was diluted 2:3 to form the second calibrator (C2). The 

third calibrator (Cl) was formed by diluting an aliquot 

of the second calibrator 1:2. The fourth calibrator 

(CO) was a buffer blank. The resultant calibrator 

series (CO, Cl, C2, C3) exhibited a linear fluorescence

10 intensity scale corresponding approximately to the

signals generated by 0, 1000, 2000 and 3000 CD4 cells/mm 

of whole blood.

EXAMPLE 2 - Optimization of the Detection

15 and Separation Reagent Mixture

To determine an optimal mixture of the 

detection and separation reagents, an inverse co

titration of the particulate reagents was done under 

assay conditions .

20 Stock suspensions of fluorescent and magnetic

particulate reagents, prepared as generally described in 

Example 1 above, were made up to 3 x 107 particles/ml. 

Aliquots of each reagent type were then added to nine

pairs of wells in a 96-well round bottom polypropylene

25 plate , as listed below.

Detection Separation

Reagent Reagent % Fluorescent

Wells Volume (til) Volume (til) Beads

30 1 & 2 0.00 50.00 0.0

3 & 4 6.25 43.75 12.5

5 & 6 12.50 37.50 25.0

7 & 8 18.75 31.25 37.5

9 & 10 25.00 25.00 50.0

35 11 & 12 31.25 18.75 62.5

13 & 14 37.50 12.50 75.0
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15 & 16 43.75 6.25 87.5

17 & 18 50.00 0.00 100.0

The total volume of each particulate reagent 

5 mixture was 50 μΐ and the total reagent concentration

(sum of fluorescent and magnetic reagents) in the well 

was 3 x 107 particles/ml.

50 /il of whole blood was then added to each 

reagent-containing well and the plate was placed on a

10 conventional plate shaker for five minutes at room

temperature. The speed was set such that it was high 

enough to keep the reagent particles suspended without 

shaking the blood out of the wells and to allow for 

specific reagent particle binding to the targeted cell

15 population with minimal non-specific binding. Figure 

2A schematically depicts the equilibrium point in the 

binding reaction for the 1:1 mixture of magnetic and 

fluorescent beads. In Figure 2A, it is assumed that 

the binding constants of each bead are the same.

2G Although optimal performance is obtained when this

assumption is met, this is not an absolute requirement 

for the assay methodology to perform adequately. CD4- 

expressing cells have been rosetted by the bead 

mixture. Non-CD4 cells are unbound and excess

25 magnetic and fluorescent beads remain in suspension.

In this experiment, specific binding of the reagent 

particles to the target cell population was confirmed 

by flow cytometric analysis of remaining cells in a 

cell depleted specimen after reagent treatment.

30 Four magnetic washes were then employed to

remove unbound cells and unbound fluorescent reagent 

from the wells. The 96-well plate was placed on a 

commercially available plate shaped magnet (Advanced 

Magnetics, Inc., Cambridge, Mass.) and the cell bound

35 ‘reagent allowed to sediment for 60 seconds. The

supernatant was carefully removed by pipet followed by
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removal of the plate from the magnet and resuspension 

of each well with 200 μΐ of phosphate buffered saline 

solution. This procedure was repeated 3 more times. 

Figure 2B schematically depicts the resultant sample

5 after magnetic washing. The unbound cells and unbound 

fluorescent reagent have been washed out of the 

sample, leaving rosetted target cells and excess 

magnetic reagent.

After the final buffer resuspension, the 

10 plate was placed in a conventional fluorescence plate

reader and scanned. The CD4 and CD8 cell 

concentrations in the blood specimen were determined 

by multiplying the percent CD4 or CD8 lymphocytes in 

the specimen (determined by flow cytometry) by the

15 lymphocyte concentration (determined by CBC

differential counting). The measured fluorescence 

intensities were divided by the appropriate cell 

concentration (CD4 or CD8) and the results plotted 

versus the percent fluorescent beads. This plot is

20 shown in Figure 3.

The chosen bead mixture was determined to

lie on the approximately linearly increasing up-slope 

of the optimization curve, displaying sufficiently 

high intensity per cell to give adequate sensitivity

25 at cell concentrations of 1000 cell/mm3 of whole blood 

for CD4 lymphocytes and 500 cell/mm3 of whole blood for 

CD8 lymphocytes .

The bead mixture chosen to be on the linear 

up-slope of the curve was a result of the desire to

30 substantially completely separate the target analyte 

from the other components of the sample. Significant 

deviation from linearity in Figure 3 (beyond 50% 

fluorescent beads) indicates that separation of the 

target analyte is not substantially complete.

35 However, as previously discussed, beyond the linear

area of the optimization graph a fixed fraction of the
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target analyte is still separated, satisfying the 

requirement for a quantitative assay. Consequently, 

experiments performed after those shown in Examples 3 

and 4 have chosen the peak of the optimization curve

5 as the optimum bead ratio, providing the maximum

detectable signal at a constant fractional depletion 

level.

Considering the data from Figure 3, the 

optimum fraction of fluorescent reagent appears to be

10 37.5 or 50.0 percent fluorescent beads. Since a 1:1

mixture was considered easier to make-up, 50% 

fluorescent beads was chosen and used in the assays 

reported in Example 4, below.

15 EXAMPLE 3 - Demonstration of Bead Rosetting

Phenomenon

A 50 μΐ sample of whole blood was placed in 

a well of a 96-well round bottom polypropylene 

microtiter plate. 50 μΐ of a suspension of magnetic

20 particle reagent, prepared as generally described in 

Example 1 above, at a concentration of 3 x 10 7 

particles/ml, was added to the blood sample. The 

plate was placed on a conventional plate shaker for 

five minutes at room temperature. The speed was set

25 such that it was high enough to keep the reagent

particles suspended without shaking the blood out of 

the wells. Four magnetic washes were then employed to 

remove unbound cells from the well. The 96-well plate 

was placed on a commercially available plate shaped

30 magnet (Advanced Magnetics, Inc., Cambridge, Mass.) 

and the sample was allowed to stand for 60 seconds.

The supernatant was carefully removed by pipet 

followed by removal of the plate from the magnet and 

resuspension of the sample with 200 μΐ of phosphate

35 buffered saline solution. This procedure was repeated 

3 more times .
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After the final resuspension, a 10 μΐ 
aliquot of the sample was placed on a microscope slide 
and examined under the microscope using phase contrast 
optics. Figure 1 shows a CD4 lymphocyte which has

5 been rosetted (i.e., completely covered) by magnetic 
particle reagent affixed to anti-CD4.

EXAMPLE 4 - Determination of Absolute CD4 and 

CD8 Lymphocyte Concentrations in

10 Whole Blood Samples______________________________________

A. Calibration of the Assay

In order to calculate the absolute cell 
concentration from a measured fluorescence intensity, 
the slope of the standard curve (i.e., the emitted

15 fluorescence intensity per cell) must be determined.
To do this, the emitted fluorescence intensity was 
measured for a series of whole blood samples which 
covered a wide cell concentration range (approximately 
0 - 2000 cells/mm3) . The assay reagent mixture used for

20 these measurements was the optimum mixture described in 
Example 2, above .

Stock suspensions of CD4 fluorescent and 
magnetic particle reagents at 3 x 107 particles/ml were 
mixed in a ratio of 1:1. 50 μΐ of this mixture was

25 then added to the wells of a 96-well round bottom
polypropylene plate. Similar mixtures of CD8 and non
specific isotype-matched control reagent were made and 
added to sets of separate wells. The later reagent 
type was used to control for non-specific binding of

30 the CD4 and CD8 reagents. 50 μΐ of whole blood was 
then added to each reagent-containing well and the 
plate was placed on a commercially available plate 
shaker for five minutes at room temperature. The speed 
was set as previously determined in Example 2. Four

35 magnetic washes were then performed as previously 
described to remove unbound cells and unbound
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fluorescent reagent. After the final buffer 

resuspension, a linear series of four calibration 

reagents was added to unused wells. The plate was 

again placed on the plate shaker for one minute to

5 assure uniform suspension of all assay-components. The 

plate was then placed in a conventional fluorescence 

plate reader and scanned.

The CD4 and CD8 cell concentrations in each j
blood specimen were determined by multiplying the }

10 percent CD4 or CD8 lymphocytes in the specimen

(determined by flow cytometry) by the lymphocyte 
concentration (determined by CBC differential
counting). For each specimen, the isotype control i
fluorescence intensity (non-specific binding signal) ; 1|

15 was subtracted from the CD4 or CD8 fluorescence
intensity and the resultant values were divided by the 
slope of the linear reagent calibration curve, as shown 
below: j'

CD4 intensity = (FICT4 - FIIC) /S^ i
20 CD8 intensity = (FIroB - FIIC)/S^, f

where FI^, FICD8 and FIIC represent the fluorescence 
intensities measured in the wells corresponding to CD4,
CD8 and the isotype matched non-specific binding 
control, respectively. represents the slope of the

25 calibration reagent line. The calculated intensities, 
which are independent of the variable parameters, 
previously discussed, were plotted versus the 
appropriate cell concentrations. The slopes of the 
resulting standard curves were determined via

30 regression analysis. These slopes represent the
. . / fluorescence intensity per unit cell concentration in 

the assay wells. The inverse of the standard curve
slope values represent the proportionality constants j
(i.e., calibration factors) between the measured

35 fluorescence intensity in an assay and the absolute
cell concentration. These calibration factors are
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specific to each lot of reagents prepared for use in 

cell concentration assays.

B. Performing CD4 and CD8 Lymphocyte 

5 Concentration Assays________________________________________

Stock suspensions of CD4 , CD8 and isotype
binding control, fluorescent and magnetic particle 
reagents at 3 x 107 particles/ml were mixed in a ratio 
of 1:1. 50 μΐ of each mixture was then added to

10 appropriate wells of a 96-well round bottom

polypropylene plate. 50 μΐ of whole blood was then 
added to each bead containing well and the plate was 
placed on a commercially available plate shaker for 
five minutes at room temperature. The speed was set as

15 previously determined in Example 2. Four magnetic
washes were then performed as previously described to 
remove unbound cells and unbound fluorescent reagent. 
After the final buffer resuspension, the plate was 
placed in a commercially available fluorescence plate

20 reader and scanned.
The absolute CD4 and CD8 cell concentrations

were determined using the formulas shown below.
[CD4] (cell/mm3) = (FICD4 - FIIC) /S^ * CD4 factor 
[CD4] (cell/mm3) = (FIroB - FIIC) /S^ * CD8 factor

25 In these equations, FI^, FIro8 and FI1C represent the 
fluorescence intensities measured in the wells 
corresponding to CD4, CD8 and the isotype matched non
specific binding control, respectively. represents
the slope of the calibration reagent line. Finally,

30 CD4 factor and CD8 factor represent the proportionality 
constants between the respective cell concentration and 
the assay result as defined by the calibrated standard 
curves, discussed previously.

In Figure 4A and 4B, the calculated absolute
35 CD4 or CD8 cell concentrations are compared to those

measured by the flow cytometric reference method. For
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this reference method, the CD4 and CD8 cell
concentrations in each blood specimen were determined 

by multiplying the percent CD4 or CD8 lymphocytes in 

the specimen (determined by flow cytometry) by the 

lymphocyte concentration (determined by CBC

differential counting).
Although a preferred protocol for practicing 

the method of the invention has been described above, 
various alternative protocols can be utilized, if 
desired. For example, whole blood may be assayed for 
CD4-bearing lymphocytes, using immunomagnetic reagent 
particles targeted to the CD4 antigen and
immunofluorescent reagent particles targeted to a co
expressed antigen, such as CD3 (T-cell antigen 
receptor). In the binding step, both fluorescent and 
magnetic reagent particles simultaneously bind to the 
target cells. At equilibrium, the CD4-bearing 
lymphocytes are rosetted with the primary assay 
reagents and CD8 lymphocytes are rosetted with the 
immunofluorescent reagent particles. All other cells 
are unbound. After magnetic sedimentation to wash out 
non-target cells and unbound detection reagent, the 
only detection reagent remaining in the test sample is 
bound to the lymphocytes of interest, providing the 
means to quantify them.

As another alternative, CD4- and CD8-bearing 
cells may be simultaneously determined in the same test 
sample. For each cell type of interest, immunomagnetic 
reagent particles and immunofluorescent particles are 
targeted to a single antigen. The detection reagent 
for the respective subtypes of interest must have an 
independently detectable label, i.e., each with a 
different fluorochrome having a distinctly different 
emission wavelengths. In the binding step, both the 
immunofluorescent reagent particles and the
immunomagnetic reagent particles bind simultaneously to
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their respective target cells. At equilibrium, the 

CD4-bearing cells are rosetted with the CD4-directed 

reagents and the CD8-bearing cells are rosetted with 

the CD8-directed reagents. All other cells are

5 unbound. After magnetic sedimentation to wash out non

target cells and unbound detection reagent, the only 

immunofluorescent detection reagent remaining in the 

sample is bound to the cell types of interest. 

Independent measurements at each emission wavelength

10 are then made to simultaneously and individually 

quantitate the CD4 and CD8 cell concentrations.

EXAMPLE 5 - Antigen Density Independent 

Labelling of CD4 and CD8 T-

15 Cells Using Immunofluorescent

Detection Reagent

A particulate detection reagent was prepared 

using the same general procedure as outlined in Example 

1, above. Specifically, a rat anti-mouse (RaM) IgGl

20 specific monoclonal antibody was adsorbed onto the 

surface of six micron diameter fluorescent latex 

microspheres by standard methods. The surface was then 

blocked with a 1% BSA solution. After washing 

thoroughly, a mouse anti-human CD4 or CD8 (IgGl

25 isotype) was captured on the beads by the RaM

antibodies. The beads were then washed free of unbound 

antibody and suspended at a final concentration of 4xl08 

beads/ml, 10 μΐ of the bead suspension was then added 

to 100 μΐ of whole blood and the specimen was agitated

30 for 5 minutes at room temperature. The specimen was

then lysed by the standard Q-Prep method in preparation 

for flow cytometric analysis.

Parallel specimens were labelled by indirect

immunofluorescence so that the relative intensities of

35 the CD4 and CD8 cells would reflect antigen density

differences between these cell types. 100 μΐ aliquots
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of whole blood were labelled with the same unconjugated 

CD4 or CD8 antibodies that were used on the fluorescent 

microspheres, by incubating the specimen with a 

saturating quantity of antibody for 30 minutes on ice. 

The cells were then washed free of unbound antibodies 

by centrifugation and counterstained with a fluorescent 

goat anti-mouse sera. After a second wash step, the 

specimens were lysed by Q-prep in preparation for flow 

cytometric analysis .

Figures 5A and 5B show flow cytometric 

histograms for indirect immunofluorescence labelling of 

the CD4 and CD8 T-cell subsets, respectively. The use 

of indirect immunofluorescence causes the fluorescence 

intensity to be directly proportional to the CD4 and 

CD8 antigen densities. As can be seen in Figures 5A 

and 5B, a difference of approximately 3 fold in 

fluorescence intensity, and therefore, antigen density 

is indicated. By contrast, Figures 5C and 5D, which 

are flow cytometric histograms for the rosetted T-cells 

resulting from CD4 and CD8 targeted fluorescent 

labelling, show no significant difference between the 

level of labelling on the CD4 and CD8 cells. This 

result was achieved even though the target antigens are 

expressed at quite different levels.

As mentioned previously, the level of 

labelling with particulate fluorescent detection 

reagent is dependent on both the bead size and the cell 

size. The similarity of the fluorescent signals on the 

CD4 and CD8 cells not only reflects the antigen density 

independence of the signals, but also the use of an 

optimum bead size as explained in Example 7.

Those skilled in the art will recognize that 

whereas antigen-antibody binding provides a convenient 

illustration of the antigen-independent cell labelling 

technique of this invention, the technique is equally 

applicable to any specific binding pair, e.g. ligand-
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receptor, and the like. Moreover, although the 

particulate detection reagent exemplified herein was 

fluorescent, it will be appreciated that other methods 

of detection could be equally applicable, such as

5 enzyme labelled microspheres, radiolabelled

microspherea, phosphorescent microspheres, indirect 

antibody labelled microspheres, and the like).

EXAMPLE 6 - Mixed Reagent Cell Labelling

10 ____________________________________ Method ___________________________________________________

The method described in Example 2, above, was 

carried out using 10 different lots of reagents on many 

different specimens over an extended period. In this 

experiment, fluorescent and magnetic particles, both

15 approximately 6 microns in diameter, were mixed 

together in various ratios. In one case, the 

fluorescent and magnetic particles had anti-CD4 

antibodies absorbed to their surface. In the other 

case, the particles had anti-CD8 antibody on their

20 surface. After the assay method was completed and the 

fluorescence intensity measured, the reagent particle- 

rosetted cells were placed under the microscope and the 

total number of beads in each rosette was counted. The 

average number of beads in the CD4 and CD8 lymphocyte

25 rosettes is listed, in the table below, for each lot of 

reagents for which this experiment was performed.

30

Beads per Rosette

Reaaent Lot # CD4 Lvmohocvtes CD 8 LvmDhoc.vtes

Lot 3 8.97 10.15

Lot 4 7.53 8.93

Lot 6 7.62 7.03

Lot 7 6.53 7.77

Lot 8 6.53 6.82

Lot 12 6.72 7.63

Lot 13 6.85 .7.63

35



w.

WO 94/22013
- 42 -

PCT/US94/03033

Lot 14 7.22 7.78
Lot 15 7.02 7.22
Lot 16 6.40 7.40
AVERAGE 7.14 7.84

In Example 5, above., it was shown that the 
CD4 and CD8 antigens, to which detection 'reagent 
particles are directed, vary in density by a factor of 
approximately 2.9. Published data indicate an average

10 antigen density difference for CD4 and CD8 of
approximately a factor of 2. M. Brown et al., Annals 
New York Academy of Sciences (Clinical Cytometry; M. 
Andreeff, ed.), 468: 93-103 (1986). In the table 
above, the number of particles rosetting the CD4 and

15 CD8 lymphocyte's are within less than 10 percent (8.9%) 
of one another. Consequently, it is possible to label 
different cells, such that substantially equal signals 
are obtained, even when the antigen to which the 
particles are bound are expressed at significantly

20 different levels. This is not possible with
traditional antibody based labelling methods. It 
should be understood that any of the aforementioned 
methods of labelling the particulate detection reagent 
would provide an antigen density independent signal.

25
EXAMPLE 7 - Optimization of an Antibody Based 

Method for Labelling Cells Which 

is Independent of the Target 

Antigen Density*

30 In a cell analysis in which cells are to be
counted and the size of the target cells may vary to a 
degree, the size of the particulate detection reagent 
must be adjusted so that the level of labelling is 
independent of the size variation. This is

35 accomplished by maximizing the size of the particulate
reagent within usable limits. In the limit of infinite
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particulate size, it is possible to bind exactly two 

microspheres to any cell, regardless of its size. This 

is actually true for any situation in which the 

diameter of the particulate reagent is much larger than

5 the cell diameter, as illustrated in Figure 6.

However, if the size of the particulate reagent is too 

large, then significant problems will be encountered 

with binding kinetics, bead suspendability, specimen 

damage, and the like. Therefore, the practical optimum

10 of particulate reagent size, for a cell labelling

application wherein cell size independence is required, 

is roughly that where the cross-section area of the 

particle exceeds the expected cell surface area 

variation. This principle is illustrated in Figure 7.

15 On the other hand, when a change in the

target cell size is to be determined, such as the 

initiation of cell growth upon mitogenic stimulation, 

the size must be optimized differently than described 

in the previous paragraph. For this application, the

20 size of the particulate reagent must be as-small-as 

possible, within the limits for- both antigen density 

independent binding and signal detectability, as 

illustrated in Figure 8. Under these conditions, the 

signal would reflect both· cell size variations and cell

25 concentration variations. Consequently, a change in 

cell size could be detected with great sensitivity by 

ratioing the signals generated by the very small 

particle detection reagent just described against the 

signals generated by particulate detection reagent

30 described in the next preceding paragraph. This ratio 

would be independent of cell concentration variations 

and would very sensitively reflect changes in the cell 

size. Combining this labelling technique with the 

assay format of this invention would allow sensitive

35 detection of changes in the size of specific cell 

subset within a mixed cell population.
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While certain embodiments of the present 
invention have been described and/or exemplified above, 
various other embodiments will be apparent to those 
skilled in the art from the foregoing disclosure. The 
present invention is, therefore, not limited to the 
particular embodiments described and/or exemplified, 
but is capable of considerable varicition and
modification without departure from the scope of the 
appended claims.

Throughout this specification and the claims which 

follow, unless the context requires otherwise, the word 

"comprise", or variations such as "comprises" or 

"comprising", will be understood to imply the inclusion 

of a stated integer or step or group of integers or 

steps but not the exclusion of any other integer or step 

or group of integers or steps.
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. The Claims defining the invention are .as follows:

1. A method for determining the presence 
or concentration of particulate analyte in a sample,

5 the particles comprising said·analyte having at least 
one characteristic determinant at a plurality of 
spaced-apart locations on the surfaces thereof, the 
density of said determinant on any one analyte 
particle in said sample being the same as or different

10 from the density of said determinant on any other said 
analyte particle, said particulate analyte 
concentration being independent of said determinant 
density, said method comprising the steps of:

a. adding to said sample,
15 substantially simultaneously, a separation reagent and 

a detection reagent characterized in that:
i. said separation reagent 

comprises an insolubilized phase having affixed 
thereto a specific binding substance that binds

20 specifically to a characteristic determinant of said 
analyte said insolubilized phase facilitating 
separation of said analyte particles attached to said 
separation reagent from said sample;

ii. said detection reagent being
25 in particulate form and comprising a detectable label

and a specific binding substance that binds 
specifically to a characteristic determinant of said 
analyte, said detection reagent, when unbound, being 
separable from both said separation reagent and said

30 detection reagent bound to said analyte; and
iii. the amounts of said added 

separation and detection reagents being sufficient to 
substantially completely cover the surfaces of said 
analyte particles, thereby forming rosettes, the ratio

35 of said added separation reagent to said added
detection reagent being such as to effect separation
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of a constant fraction of said rosettes and render

said separated rosettes detectable; ,

b. subjecting said sample to 

conditions promoting rosette formation between said

5 separation and detection reagents and said analyte 

particles;

c. separating said rosettes from 

unbound detection reagent; and

d. measuring the label in said

10 separated rosettes or in said separated unbound

detection reagent, said measurement being 

determinative of the presence or concentration of said 

particulate analyte in said sample.

15 2. A method as claimed in claim 1, wherein

the concentration of said particulate analyte is 

determined directly as a function of measured label.

3. A method as claimed in claim 1, wherein

20 the specific binding substance of said separation 

reagent and the specific binding substance of said 

detection reagent bind specifically to the same at 

least one characteristic determinant.

25 4. A method as claimed in claim 1, wherein

said separation reagent and said detection reagent 

comprise a solid phase.

5. A method for determining the presence

30 or concentration of particulate analyte in a sample, [

the particles comprising said analyte having at least !

one characteristic determinant on the surfaces '

thereof, the density of said determinant on any one

analyte particle in said sample being the same as or ,/

l·'
35 different from the density of said determinant on any (

other said analyte particle, each said analyte i;

1
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particle having a multiplicity of said at least one 

characteristic determinant at spaced apart locations 

on the surfaces thereof, said method comprising the 

steps of :

5 a. adding to said sample,

substantially simultaneously, a separation reagent and 

a detection reagent characterized in that,

i. said separation reagent 

comprises a particulate support for facilitating

10 separation of said analyte particles attached to said 

separation reagent from said sample, and having 

affixed thereto a specific binding substance that 

binds specifically to a characteristic determinant of 

said analyte;

15 ii. said detection reagent

comprises a particulate support including a detectable 

label and having affixed thereto a specific binding 

substance that binds specifically to a characteristic 

determinant of said analyte, said detection reagent,

20 when unbound, being separable from said separation

reagent and said detection reagent, when bound to said 

analyte; and

iii. the diameter of said 

particulate supports of said separation and said

25 detection reagents is larger than the average distance 

between said spaced apart characteristic determinants, 

the amounts of said added separation and detection 

reagents being sufficient to substantially completely 

cover the surfaces of said analyte particles, thereby

30 forming rosettes, the ratio of said added separation 

reagent said added detection reagent being such as to 

effect separation of a constant fraction of said 

rosettes and render said separated rosettes

detectable;

b. subjecting said sample to 

conditions promoting rosette formation between said

35



WO 94/22013 PCT/US94/03033

- 48 -

separation and detection reagents and said analyte 

particles;

c. separating said rosettes from 

unbound detection reagent; and

5 d. measuring the label in said

separated rosettes or in said separated unbound 

detection reagent, said measurement being 

determinative of the presence or concentration of said 

particulate analyte in said sample.

10

6. A method as claimed in claim 5, wherein 

the concentration of said particulate analyte is 

determined directly as a function of measured label.

15 7. A method as claimed in claim 5, wherein

the specific binding substance of said separation 

reagent and the specific binding substance of said 

detection reagent bind specifically to the same 

characteristic determinant.

20

8. A method as claimed in claim 5, wherein 

said particulate analyte comprises human cells and 

said at least one characteristic determinant comprises 

at least one cell surface antigen.

25

9. A method as claimed in claim 8, wherein 

said human cells are lymphocytes and said at least one 

characteristic antigen is selected from the group 

consisting of CD2, CD3, CD4, CD8, CD16, GD19, CD34,

30 and CD56.

10. A method as claimed in claim 8, wherein 

said separation reagent comprises a magnetic 

particulate support, to which is affixed antibody that 

binds specifically to said at least one cell surface 

antigen.

/
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11. A method as claimed in claim 10, 

wherein said antibody comprises monoclonal antibody.

12. A method as claimed in claim 10,

5 wherein the diameter of said separation reagent is in 

the range of about 0.1 to about 10 microns.

13. A method as claimed in claim 8, wherein 

said detection reagent comprises a particulate polymer

10 support bearing a fluorescent substance as said

detectable label, to which is affixed antibody that 

binds specifically to said at least one cell surface 

antigen.

15 14. A method as claimed in claim 13,

wherein said antibody comprises monoclonal antibody.

15. A method as claimed in claim 13, 

wherein the diameter of said detection reagent is in

20 the range of about 0.1 to about 10 microns.

16. A method as claimed in claim 5, wherein 

the particulate supports of said separation and said 

detection reagents are of uniform size.

25
17. A method for determining the presence 

or concentration of a subset of lymphocytes in a blood 

sample, said lymphocytes having on the surfaces 

thereof at least one antigen selected from the group

30 consisting of CD4, CD8, CD3, CD2, CD16, CD19, CD34 and 

CD56 antigens, the density of said at least one 

antigen on any one lymphocyte in said blood sample 

being the same as or different from the density of 

said at least one antigen on any other said

35 lymphocyte, said lymphocyte concentration being
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independent of said antigen density, said method 

comprising the steps of:

a. adding to said blood sample a 

reagent mixture comprising a separation reagent and a

5 detection reagent, characterized in that:

i. said separation reagent 

comprises finely divided, magnetically responsive 

particles, to which are affixed monoclonal antibody 

that binds specifically to one antigen of said group

10 of antigens, the diameter of said particles with said 

antibody affixed thereto being at least 0.1 microns;

ii. said detection reagent 

comprises finely divided non-magnetic particles that 

bear a detectable fluorescent substance and to which

15 are affixed monoclonal antibody that binds

specifically to said one antigen, the diameter of said 

fluorescent substance-bearing particles being at least 

0.1 microns; and

iii. the amounts of said added

20 separation and detection reagents being sufficient to

substantially completely cover the surfaces of said 

lymphocytes, thereby forming rosettes, said detection 

reagent comprising about 30 to about 70% and said 

separation reagent comprising the remaining about 30

25 to about 70% by particle count, of said reagent 

mixture;

b. incubating the sample from step 

a. at a temperature in the range of about 40°c to 

about 37°C for a time sufficient to cause rosette

30 formation between said separation and detection 

reagents and said lymphocytes;

c. magnetically separating the 

resultant rosettes from the non-magnetic components of 

said sample;

d. washing said separated rosettes 

to remove therefrom unbound detection reagent; and

35
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e. measuring the label in said
washed rosettes, said measurement being determinative 
of the presence or concentration of said lymphocytes 
in said blood sample.

5
18. A test kit when used to perform the 

method of claim 1, said test kit comprising:

i. a container which contains a 
10 separation reagent comprising an insolubilized phase

for facilitating separation of particulate analyte-
O f attached to said separation reagent from a test 
*** sample, said separation reagent having affixed thereto

y;·/ a specific binding substance that binds specifically
15 to a characteristic determinant of said analyte;• ·

.·./ ii. a container containing a detection
reagent comprising a detectable label and a specific
binding substance that binds specifically to a

*’·*· characteristic determinant of said analyte, said• · ..··. 20 detection reagent, when unbound, being separable from 
’ both said separation reagent and said detection

, reagent bound to said analyte;• · »·“·,· iii. a container containing a control
’ ’ detection reagent in particulate form, comprising a

25 detectable label and a binding substance that binds
non-specifically to said analyte, thereby functioning 
as a first non-specific binding control reagent; and

iv. a container containing a control 
separation reagent comprising an insoluble phase and a

30 binding substance that binds non-specifically to said 
analyte, thereby functioning as a second non-specific 
binding control reagent for said separation reagent.

19. A test kit according to claim 18, which
35 further comprises:
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i. one or more containers containing 
assay calibration reagents including pre-determined 
concentrations of said detection reagent;

ii. an assay container for combining 
pre-determined quantities of reagents constituting 
said test kit; and

iii. instructions for use of said test
kit.

20. A method of detectably labelling a 
particulate analyte in a sample, said analyte having 
at least one characteristic determinant at a plurality 
of spaced-apart locations on its surface, so that the 
amount of label associated with said analyte is 
substantially independent of the density of said at 
least one characteristic determinant on said analyte 
surface, said method comprising:

a) providing a detection reagent in the 

form of particles, said particles having an average 

diameter greater than about the average distance 

between said spaced-apart locations of said 

characteristic determinant on said analyte surface, 

said detection reagent comprising a detectable 

label, wherein the detectable label is not a 

paramagnetic label, and a specific binding substance 

that binds specifically to said at least one 

characteristic determinant of said analyte,·

b) adding said detection reagent to 
said sample in an amount sufficient to substantially 
completely cover the surface of said analyte, thereby 
forming rosettes comprising said analyte coated with 
said detection reagent; and

c) subjecting said sample to 
conditions promoting rosette formation between said 
detection reagent and said analyte.

ί
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21. A method as claimed in claim 20, 
wherein said particulate analyte comprises human cells 
and said at least one characteristic determinant 
comprises at least one cell surface antigen.

22. A method as claimed in claim 21, 
wherein said human cells are lymphocytes and said at 
least one cell surface antigen is selected from the 
group consisting of CD2, CD3, CD4, CD8, CD16, CD19,
CD34 and CD56.

23. A method as claimed in claim 21, 
wherein said detection reagent comprises a particulate 
polymer support including a detectable label selected 
from the group consisting of molecules or ions 
directly or indirectly detectable based on light 
absorbance, fluorescence, phosphorescence, or
luminescence properties; molecules or ions detectable 
by their radioactive properties; and molecules or ions 
detectable by their nuclear magnetic resonance, said 

support being conjugated to an antibody that binds 

specifically to said at least one cell surface 

antigen.

24. A method as claimed in claim 20, 
wherein said detection reagent comprises a fluorescent 
particulate polymer support conjugated to a monoclonal 
antibody.

30 25. A method as claimed in claim 20, 
wherein the particles comprising said detection 
reagent are of uniform size.

1

26. A method as claimed in claim 20,
wherein said particulate analyte varies in surface
area within a pre-determined range and said particles

35
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comprising said detection reagent have an average 
cross-sectional area greater than said pre-determined 
range of variation in analyte surface area, thereby 
detectably labelling said analyte such that the amount

5 of label associated with said analyte is substantially 
independent of both the density of said at least one 
characteristic determinaht on said analyte surface and 
variation in size of the analyte within said pre
determined range.

10
27. A method as claimed in claim 20, -

wherein said particulate analyte varies in surface
« area within a pre-determined range and said particles

<« t t comprising said detection reagent have an average
• «. 15 cross-sectional area less than said pre-determined
• ft““ range of variation in analyte surface area, thereby

. .. detectably labelling said analyte such that the amount
Y;.’ of label associated with said analyte is substantially
f - '

‘ independent of the density of said at least one
€ <. 20 characteristic determinant on said analyte surface, 

and substantially dependent on the size of said
*.«,,· analyte within a pre-determined size range.
titter

t <.

28. A method as claimed in claim 20, which 
further comprises detecting the amount of detectable 
label present within said rosettes.

’?
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29. A method for detecting a particulate 

analyte in a sample, said analyte having at least 

one characteristic determinant at a plurality of 

spaced-apart locations on its surface, so that the 

amount of label associated with said analyte is 

substantially independent of the density of said at 

least one characteristic determinant on said analyte 

surface, said method comprising:

a) providing a detection reagent in 

the form of particles, said particles having an 

average diameter greater than about the average 

distance between said spaced-apart locations of said 

characteristic determinant on said analyte surface, 

said detection [reagent comprising a detectable 

label, wherein the detectable label is not a 

paramagnetic label, and a specific binding substance 

that binds specifically to said at least one 

characteristic determinant of said analyte;

b) adding said detection reagent to 

said sample in an amount sufficient to substantially 

completely cover the surface of said analyte, 

thereby forming rosettes comprising said analyte 

coated with said detection reagent;

c) subjecting said sample to 

conditions promoting rosette formation between said 

detection reagent and said analyte; and

d) detecting said detectable label.

30. A method substantially as 

hereinbefore described with reference to the 

Examples .

DATED this 16th day of June, 1998

INTRACEL CORPORATION

By Its Patent Attorneys

DAVIES COLLISON CAVE
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Figure 3
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