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1. INTRODUCTION

The present invention is directed to the

5 measurement of total leukocyte surface antigens, such
as T cell receptors and T cell differentiation
antigens or fragments thereof, and the application of
such measurements in the diagnosis and therapy of
diseases and disorders. The present invention is also

10 directed to the measurement of soluble leukocyte
antigens or fragments thereof, in conjunction with the
measurement of total leukocyte surface antigens and
the application of such dual measurements in the
diagnosis and therapy of diseases and disorders. The

'S measurement of such molecules, and preferably a
plurality of such molecules, can be used in monitoring
the effect of a therapeutic treatment, detecting
and/or diagnosing disease.

20 2. BACKGROUND OF THE INVENTION

.2.1. OCYTE SURFACE MOLECULE
Clusters of differentiation (CD) have been

established which define human leukocyte
differentiation antigens (Bernard and Boumsell, 1584,
Hum. Immunol. 11:1-10; Knapp et al., 1989, Immunol.
Today 10:253:258; Gebel et al., 1988, ASHI Quarterly

- 12:11; Leukocyte Typing III: White Cell
Differentiation Antigens. Ed., McMichael, A.J. 1987.
Oxford University’Press. Oxford), by the comparison of
reactivities of monoclonal antibodies directed against
~—~ the differentiation antigens. The T cell surface
antigens, their classification into epitope-defined
subgroups, and their distributions on T cells have
been studied by use of monoclonal antibodies directed
against human T cells (Clark et al., 1983,
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t he conparg seurface molecules are listed in Table I. _
These cell surface markers serve as markers of

cell lineage, the identity of the functional T cell

subset to which the T cell belongs, and the activation

state of the T cell. Several of the cell surface

molecules have been studied in great detail, have been

found to be important in initiating and regulating

10

immune functions and are critical to communication
processes between immune cells.

15 TABLE I.
LEUKOCYTE SURFACE MOLECULES

Cell Detection
Surface Monoclonal
Marker Expression Antibodies | Refer-
20 . ences
T cell Antigen | ALl T cells T40/25, 1,2,3, |
Receptor and T cell aFl1, BF1, 4,5,6
subsets §TCS1,
TCRS1, CyM1
Thymocytes & OKTé6
Langerhans NAI/234
25 Calls, Lukemia
Cells ﬁlﬁ _
NK cell NK cells NC-37 7
receptor specific
antibodies
Ce S1
Molecules
30 '
CDh2 All T cells OKT11 8,%,10
Leu$S
. B67.1
CDS8 (LFA-=3) Leukocytes, TS2/9 11
epithelial _
CD3 Pan T cell OKT3 12
35 — Leud
CDh4 Helper/Inducer | OKT4 12
Subsets of T Leu3a
cells ‘J
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surface antigens, their classification into
and their distributions on T Cq|T§BhﬁE%Th%QﬁBEEN
anti bodi es directed agai nst hHuman RepeAdED-
1983, 2 '
18:599-615; Hapsen et _al 1984  in —
CcD5 T.B subsets UCHT2 11
Tl
CD7 T Cells 3JA1 11
cos Supressor/ a Chain: 13,14
Cytotoxic OKTS8
Subsets of T Leu2a
cells B chain:
T8/2T8 ldaa
B2_integrins
LeuCAM leukocyte cell 11
adhesion
moiecules
"CD11a (LFA-1) myeloid, 11,15 |
lymphoid
CD11b 11,15,1 |
(MAC-1 (CR3)) myeloid 6,
17.18,1
| 9
CD11c (CR4) myeloid 11,15 |
CD16 (FcR111) Natural Killer, HUNKZ 11
Macrophages 3G8
Granulocytes
"CD21 (CR2) B subset B2 11,20
HBS
CD23 (FCeR11) B subset MHM6 11
Blast-2
TAC, IL-2 Anti-TAC 21
Receptor 7G7/B6
(Activated T
Cells)
Activated T, B | Ki-1 11
Cells HSR4
Reed-Steinberg
Cells
CD35 (CR1) Granulocytes, YZ-1 11,22
B cells, J3D3
monocytes
B3 integrins
CD41 11,23
CD51 11,23
Homing Receptors
CD44 Leukocytes, brain 33-3B3 24
Mel-14 GRHL1 25,26
1 _inteqrins
D49a-f(VLA-1) Extra cellular 27.23
VLA-2, VLA-3, Matrix (ECM)
VLA-4
is Sheet Has Been Replaced

SUBSTITUTE

SHEE1

1

|

T




Leucocyt ewkyphiogggiBernard, A., et al., eds., Springer-Verlag, pdNeis$y) p.
Sone of the T cell cI usters of dlfferentlatlon and ot her ?oﬁ)sﬂo

*195- 212) .

surface nolecules are listed in Table t. 4 = These cell sur

serve as markers of cell lineage, the identity of the funct oné?%ﬁ?%%ﬁﬁSBEEN

‘subset to which the T cell belongs, and the activation stat!
|l_surface | ecul es have been studied in great detail,

Several of t

have been fo
functions an

TABLE 1.
Det ecti on

10

15

20

25

30

35

§Q%P be i nport arftNewrahKilleat i ng 4¥KHagul at i np Vilnmune
NEHI.NGAMI t o [cAativatiedat i on pr qdesslds betwepn i mmung cel | s.
LEUKOCYTH |SummacR e ECULE

.

ES Cel

COo71

List of
1.

2.
3.
4.
5.
6.

7.

9.
10.
1l1.
12.
13.

14.

l4a.
1s.
1e6.
17.
18.
19.

20.
21.

22.

23.
24.
25.
26.

Transferring 11,28

Receptor,

Proliferating cells

eferences for Tab

Brenner et al., 1984, J. Exp. Med.
160:541-551. :

Henry et al., 1989, Hybridoma, 8:577.
Brenner et al., 1987, J. Immunol., 138:1502.
Wu et al., 1988, J. Immunol., 141:1476.
Band et al., 1987, Science 238:682.
Hochstenbach et al., 1988, J. Exp. Med.
168:761.

Evans, International patent publications
#W089/03394, #W088/03395, & #W088/03396
published April 20, 1989

Bierer et al., 1985, Annu. Rev. Immunol.
7:579-99. _

Verbi et al., 1982, Eur. J. Immunol.
12:81~-86.

Perussia et al., 1983, J. Immunol. 133:180.
Knapp et al., 1989, Immunol. Today 10:253.
Kung et al., 1979, Science 206:347-349.
Reinherz et al., 1979, Proc. Natl. Acad Sci.
USA 76:4061-4065.

Ledbetter et al., 1981, Monoclonal
Antibodies and Tcell Hybridoma, Elsevier,
North Holland, N.Y. pp 16-22.

Shieu, L., et al., 1988, J. Exp. Med.
168(6):1993-2005.

Kishimoto et al., 1989, Adv. Immuncl.
46:149-182.

Altieri & Edgington, 1988, J. Biol. Chem
263:7007~-1

Wright et al., 1988, Proc. Natl. Acad. Sci.
USA 85:7734-38.

Wright et al., 198%, J. Exp. Med.
169:175-83.

Russell & Wright, 1988, J. Exp. Med.
168:279-92.

Nemerow et al., 1985, J. Virol. 55:347-351.
Uchiyawa et al,, 1981, J.Immunol. 126(4):
1393-1397.

Klickstein et al., J. Exp. Med.
165:1095-1112. _

Hemler, 1990, Annu. Rev. Immunol. .8:365-400.
Berg et al., 1989, Immuncl. Rev. 108:1-18.
Lasky et al., 1989, Cell 56:1045-55.

Haynes et al., 1989, Immunol. Today 10:423.
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2.2. LEUKOCYTE SURFACE MOLECULE

Oover the last several years,

SPECIFIC ANTIBODIES

antibodies to

determinants of murine and human TCRs have been

developed.

Some of these antibodies appear to

recognize all members of a V region family, some a

subset of V regions within a family, and some a

particular V region only (TABLE II).

These TCR

antibodies identify minor populations of peripheral
blood T cells (1-5%) and subdivide T cells in a new
way based on TCR V region usage.

TABLE II.
Name "Clone | specibeity [mmunogen | Reactivity Ref* ||
" BVS (a) ici VA5.2 and HPB 1-5% of 1
VB85.3 PBL
- Subfamilies
BV5 (b) Wilz | VP5.3 HPB 0-3% of 2
Subfamily PBL
subset of
Bvs(a) 16G8 | VA8 family JURKAT | 1-5% of 2
PBL
BVi2(a) | S511 | VAlz family | SEZARY | 1-5% of 3
PBL
BV6(a) OT145 | VB6 family | I-CLL 0-5% of 4
Allotypic PBL
vVB6.7
epitope _ ]
avz(a) F1i Va2 T-CLL 1-5% of 5
: Subfamily PBL
afv (a) 1Ca VE5.1 SOP-T13 | 1-5% of 6
Subfamily PBL
— —

eferences fo

able

Boylston et al., 1986, J. Immunol.

1.
137:741~744.
2. Tian et al.,
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18

20

25

3. Bigler et al., 1983, J. Exp. Med.
158:1000-1005.

4. Posnett et al., 1986, Proc. Natl. Acad.
Sci. U.S.A. 83:7888-7892.

5. Janson et al., 1989, Canc. Immunol.
Immunother. 28:225-232.

6. Maecker & Levy, 1989, 1989 J. Immunol.
142:1395-1404.

These reagents have proven valuable in studying
the repertoire of TCRs expressed under many in vivo
and in vitro conditions. For example, in vitro
stimulation of mononuclear cells with certain
bacterial enterotoxins (superantigens) leads to the
expansion of T cells expressing a limited number of
TCR VB familiés (Kappler et al., 1989, Science
244:811-813).
particular VA regions has been detected in certain

In vivo expansion of T cells bearing

animal models of autoimmune diseases.
Other antibodies recognize common determinants on

all agf or yé TCRs. These include CyMl, a monoclonal
antibody which has been shown to specifically
recognize the TCR-y protein (Hochstenbach et al.,
1988, J. Exp. Med. 168:761). This monoclonal
antibody was generated against a constant-region
encoded peptide and reacts with both Cyl and Cy2
encoded TCR-vy chains. It appears to possess framework
reactivity against all TCR-vy polypeptides.

TCR61 (Band et al., 1987, Science 238:682) and

6TCS1 (Wu et al., 1988, J. Immunol. 141:1476) are
monoclonal antibodies specific for the 6 chain of the
human yé TCR. Unlike clone specific or idiotypic

anti-TCR antibodies, TCR&1 appears to identify all T
cells which express the yd TCR. dTCS1 identifies a

minor subset of these yé T cells.
Additional monoclonal antibodies to the T cell
receptor gamma and delta chains have also been
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Publication #wqﬁpﬁgpzos published January 14? 3988;.
BF1 (Brenner et al., 1987, J. Immunol.

138:1502-1509) is a murine monoclonal antibody
specific for a framework, i.e., common or
nonpolymorphic determinant on the B chain of the af

TCR and identifies all T cells expressing the af TCR.

aFl (Henry et al., 1989, Hybridoma 8:577) is a
monoclonal antibody specific for a framework
determinant of the ¢ chain and identifies all T cells

expressing the af TCR.

Antibodies to CD4 have been widely described
(Kung, P.C., et al., 1979, Science 206:347-349) and
are commercially available. A series of such
antibodies reacting with non-competing epitopes on
the CD4 molecule have been described. Such a set has
been termed OKT4, OKT4A, OKT4B, OKT4C, OKT4D, OKT4E,
and OKT4F (Rao, P.E., et al., 1983, Cell. Immunol.
80:310).

Antibodies directed against the CD4 or CD8
antigens have been shown to block cell function.
Antibodies against CD4 block most helper T functions,
mixed lymphocyte reactions and induction of T helper
activity (Biddison et al., 1984, J. Exp. Med.
159:783). Antibodies against CD8 block the cytotoxic
activity of CD8 positive cytotoxic T lymphocytes
(Swain, S.L., 1981, Proc. Natl. Acad. Sci. U.S.A.
78:7101-7105). Antibodies against CD4 have also been
described that are capable of activating CD4-positive
T cells. CD4 is internalized upon treatment of the
cells with phorbol esters and resulting
phosphorylation (Hoxie, J.A., et al., 1986, J.
Immunol. 137:1194-1201).

Antibodies to CD3S (Wong et al., 1985, J.
Immunol. Methods 82:303; Yoon & Fearon, 1985,
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2.3. ¢C c P c ON
These various lymphocyte cell surface markers

have enormous clinical application potentials for the

identification of lymphocyte populations and their
functional status (Krensky, A.M. and Clayberger, C.,
1985, Transplant. 39 (4):339~-348; Kung, P.C., et
al., 1984, Monoclonal Antibodies in Clinical
Investigations, Clinical Biochemistry-Contemporary
Theories and Techniques, Vol. 3, Academic Press, pp.
89-115; Kung, P.C., et al., 1983, Int. J. Dermatol.
22(2):67-733; Cosimi et al., 1981, N. Engl. J. of
Med. 305:308; Knowles et al., 1983, Diagnostic
Immunol. 1:142; Hoffman, 1984, Amer. Biotechnol. Lab
2:39). )

Existing clinical methods of T cell typing

involve the use of monoclonal antibodies which define

T cell surface markers to detect the presence of
specific cell surface markers on the T cell surface.
Measuring the total numbers of T cells expressing a

marker on the surface or membrane has been useful for

the characterization and classification of lymphoid
malignancies (Greaves, M., et al., 1981, Int. J.
Immunopharmac. 3(3):283-300). <Changes in the
relative percentage of T helper and T
suppressor/cytotoxic cells were found to be
associated with immune events in renal
transplantation due to viral infection (Colvin, R.B.,
et al., 1981, Proc. 8th Int. Congr. Nephrol., Aﬁhens,
PP. 990-996), autoimmune diseases (Veys, E.M., et
al., 1981, Int. J. Immunopharmac. 3(3):313-319), and
AIDS (Gupta, S., 1986, Clin. Immunol. Immunopathal.
38:93-100; Ebert, E.C., et al., 1985, Clin. Immunol.
Immunopathol. 37-283-257).
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The expression of T cell surface markers has also
been used for the assessment of the immune status of
patients. It has been established that by measuring
the relative number of distinct, functional T cell

5 Subsets, and/or the relative number of activated T
cells in peripheral blood or tissues, an assessment
of the immunological condition of a patient is
possible.

In an HIV-infected individual, the most useful

10 Single prognostic indicator for progression to overt
AIDS is the absolute number of CD4* T cells/mm’ of
whole blood. Currently, accurate measurement of CD4°
T cells requires the use of a flow cytometer, both
costly and not widely available. 1In addition,

15 federal guidelines define eligibility for AZT
administration to AIDS infected individuals solely on
the basis of the CD4* T cell count (a T cell count
which drops below S00 CD4* T cells/mm’) regardless of
symptomology. The cell count cut off for pentamidine

20 treatment is 200 cells/mm’. However, the costly and
largely unavailable flow cytometer leaves a large
population of clinicians and patients without the
means of proper immune status evaluation and
therefore AZT treatment.

25 If the CD4* T cell count drops below 500 cells/mm’

(AZT treatment) or below 200 cells/mm’ (pentamidine

treatment) (Cowley et al, June 25, 1990, Newsweek,

pp. 23-27; Mills & Masur, August, 1990, Scientific

American, pp. 50-57; Fahey et al., 1990, New Engl. J.

Med. 322:166-72; Goedert et al., 1989, New Engl. J.

Med. 321:1141-8), then the patient is indicated for

therapeutic intervention.

The measurement of CD4 positive or CD8 positive T
cells may be used to detect or diagnose disease, or
monitor disease treatment as described in patents and
publications US 4,709,015, US 4,725,543,

30
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for Table I. 1. Brenner et al., 1984, J. Exp. Med. THIS SHEET HAS BEEN
160: 541- 551. 2. Henry et al., 1989, Hybridoma, 8:577. RBPLACED
Brenner et al., 1987, J. Imunol., 138:1502. 4. W et al., 1988, J.

| mmunol ., 141U$4%6361,550,5US Bard8eR0al,. WOBAFA 073 ,emO89738:1832
. W091/07985, EP 421,380, W091/09966, W091/03493,
EP 403,935, W088/04327, US 4,695,459, and
US 4,649,106.

2.4. METHODS OF MEASURING LEUKOCYTE
SURFAC OLEC S I

The methods for detecting, staging or diagnosing
a disease, or monitoring the progress of therapy of a
10 disease discussed above require separation of the
components of a sample. '

For example, methods of diagnosis or monitoring
of a patient with a disease may depend on detection
of the amount of a soluble leukocyte antigen, and
comparison of the amount of soluble leukocyte antigen
in the sample from a patient to the amount in a
sample from a normal individual or in the same

" individual at an earlier time. See, e.g.,’
publications WO 87/05912, and WO 90/04180. However,
the assay sample must be isolated from cells and
cellular debris, which is time consuming.

Prior to the instant invention, measurement of
the amount of leukocytes positivé for a leukocyte .
marker was carried out by direct analysis of cells.

725 To date, investigators have primarily measured the
amount of cell surface markers in enriched cell
populations derived from whole blood. This involved
separating whole blood into its serum (or plasma) and
cell constituents followed by enrichment of the

30 desired cells by procedures such as those involving
the 1ysis of red blood cells and subsequent isolation
of white blood cells on density gradients of
polymers, such as Ficoll-Hypaque. The enriched cell
populations can then be analyzed either by direct or

35 indirect immunofluorescence involving flow cytometers
or fluorescent microscopes, or alternatively lysed
with appropriate buffers followed by analysis of

15

20
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populations rather than whole blood, (3) the
requirements of expensive equipment, (4) the time
involved in preparing the samples and (5) the need

for fairly large sample sizes or cell numbers for
analysis, since cells are lost during the sample
preparation steps and because flow cytometric

analyses reguire that a statistically significant

number of cells be analyzed for reliable measurements

to be obtained. 1In diseases where the cells of

interest are steadily declining,
decrease in the number of CD4 cells during HIV
infection and progression to AIDS) larger sample
volumes must be used in order to obtain a significant
number of cells to analyze in the enriched cell
population.

(for example, the

3. S8 OF THE INVENTIO

The present invention overcomes the deficiencies

. of the prior methods of detecting leukocyte antigens

25

30

and of estimating the number of cells positive for a
particular leukocyte marker by providing a reliable,
quantitative, easy-to-use method to measure total

amount of a leukocyte marker in a sample containing
cells in the biological fluid in which the cells are

obtained. Alternately, the sample can contain just
cells.
Surprisingly, it has been discovered that

treatment of cells in a sample with concentrated
detergent followed by dilution of the sample
solubilizes the total amount of leukocyte markers in
the sample. Thus, the method for determining the
total amount of a leukocyte marker in a sample
comprises adding a concentrated non-ionic detergent
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Ki shi | ., 1989, Adv. | mmunol . 46: 149-1 ' 16
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Altlerl 1988, J. Biol. Chem 263: 7007- 1

Wight et al., 1988, Proc. Natl. Acad. .Sgh. - USA 85.7734-38

18. Wight et al., 1989, J. Exp. Med. 169: 175- 8B.THIS SHEHDHAS BEEN
Russell & Wight, 1988, J. Exp. Med. 168: 279-92. RHFLACED
Nenmerow et al., 1985, J. Virol. 55:347-351. 21. Uchiyawa et al.,

1981, J. | munadelulidr)to the sampld3O3-&.a detePdentkitrékscédi n et al.

munol . 6: 30 3pLer A RiSE e gecedsane 'R Bhep M cEf: "y

25. Lasky et afd /°119B’95r@1=|m53b&m5555 Having opeleaggdean¥t al ., 1989,
| mmunol . Todayinf¥addllular and/or membrane bound marker in this

§ manner, the total amount (i.e., inclusive of marker
50 released as well as any soluble marker that may be
present originally in the sample) of leukocyte marker
in the sample can be detected. After the cells have
been lysed, the sample is diluted to reduce the

10 detergent concentration. Detection of the amount of
leukocyte marker in the sample is by immunological
detection means, e.g., immunoassay.

Remarkably, measurements of total leukocyte

markers can be used to determine the approximate

15 number of ieukocytes positive for the leukocyte
marker, in a sample i.e., measurement of total
leukocyte marker can be used to enumerate cells
expressing that antigen with an appropriate
correlation. Even more remarkable is the linearity

20 of the correlation between the measurements obtained
according to the method of the invention and cell
counts achieved by conventional means. Hence, the
instant invention represents a highly advantageous
substitute for the more cumbersome methods of the

25 prior art.

Measurements of total leukocyte markers are
useful in monitoring the effectiveness of a treatment
of a subject, in predicting therapeutic outcome or
disease prognosis, and in evaluating and monitoring
the immune status of patients. Measurements of total
leukocyte markers can be accomplished by sandwich
enzyme immunoassays where the samples are treated so
that the total amount of a leukocyte marker present
in membrane, intracytoplasmic and soluble
compartments can be measured.

In particular embodiments, the invention is
directed to the measurement of amounts of total CD4
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antigen. Total CD4 antigen measurements are
particularly useful in diseases where the absolute
number of CD4° cells is the best indicator of disease
prognosis or treatment outcome. Such diseases
include, but are not limited to, AIDS.

In another embodiment, the invention directed to
the measurement of the total amount of CDS8 antigen.
Total CD8 antigen measurements are especially useful
in diseases associated with modulation of the cDs*
subset of leukocytes. These include but are not
limited to infectious disease, autoimmune disease,
and transplantation rejection illness.

In yet another embodiment, the invention is
directed to the measurement of the total amount of T
cell antigen receptor (TCR) present in a sample.
Total TCR measurements can include the measurement of
total TCR on all cells expressing any af or ¥é TCR or

can include the measurement of total TCR on
particular subsets of cells including, but not
limited to, subsets expressing specific va, V8, Vy

and/or Vé§ peptides.

In a further embodiment, the invention is
directed to the measurement of both the amount of
total leukocyte marker and the amount of the same
soluble leukocyte marker and a comparison of the
measured levels. The change in the total levels and
soluble levels relative to one another during disease
progression or disease treatment can be superior to
the measurement of either total or soluble levels
alone. Such measurements are useful for the
detection, diagnosis or monitoring of treatment of a
disease or disorder.

In another embodiment, the invention provides for
the measurement of the total amount of two or more
leukocyte markers, and comparison of the amounts of
the markers. The relative amounts of the markers, or
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Subf ani | i es [errﬁ%%(?ﬂrkeriMﬁﬁFlnﬂqiﬁ?f % rogres;#@? Ca"obsqﬁiﬁd 2

Subf am |y to dégct, diagnose, or monitor treatment or progress
of a disease or disorder. Significantly, the '
g measurement of total leukocyte markers can be used to
estimate the number of cells positive for each
marker. The ratios of total leukocyte marker or
approximate numbers of cells positive for each
leukocyte marker can be compared with the same ratios
10 in a normal individual, and this comparison used to
detect, diagnose, or stage a disease or monitor
treatment of a disease or disorder.
Simultaneous measurement of the total amount of a
marker is an improvement over separately measuring
15 the cell bound, cell lysate or soluble marker for the
following reasons. Firstly, the measurement can
include the total amount of markers present in all
three compartments, not just the amounts present in
one or two compartments. Secondly, the measurement
20 of total markers is easier than other procedures that
involve greater sample preparation, complex equipment
and more steps. Thirdly, small quantities of sample,
e.g., 100 ul, and as little as 5-10 gl of whole
blood, can be directly analyzed in a simple
25 immunoassay format without prior enrichment of the
samples. The small veolume of whole blood necessary
has major benefits in pediatric applications with
infants and small children. This represents a
significant cost reduction per sample analyzed, and
the elimination of an expensive equipment
requirement, thereby making the analysis widely
available to many laboratories or clinics. Fourthly,
the measurement of total marker is an improvement,
since it involves minimum sample preparation and does
not create aerosols that are hazardous in the caée of
infectious samples from patients. Most important,
for infectious samples such as those containing HIV,
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samples. Each patient sample can be treated and
stored frozen. This is especially useful for a
series of samples obtained from the same patient over
a period of time as in a longitudinal study. Each
sample can quickly be treated and frozen so that all
samples can be thawed and analyzed simultaneocusly.
This is a definite improvement over flow cytometric
analysis where the cells need to be fresh and intact.
It also eliminates variance obtained in assay results
that arise from interassay variability, since all of
the assays may be performed at one time.
3.1. DEFINITIONS
As used herein, the following terms will have
the meanings indicated:
Total Leukocyte = the total amount of a.
Marker leukocyte antigen or
fragment thereof
(including
membrane-associated,
intra- and extracellular)
present in a sample.
WBCC + = White blood cell count
AZT = azido-deoxthymidine
HTLV III/LAV/HIV = Human T cell Leukemia
Virus Type
I/Lymphadenopathy
Associated Virus/Human
Immunodeficiency Virus
OPD = O-phenylenediamine
mAb = monoclonal antibody
Spontaneous release = release by normal or

pathologic physiclogical
processes of the cell
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FIG. 1. The measurement of total CD4 antigen in
whole blood according to the method of the invention

using a CELLFREE'’ CD4 assay (see Section

5.1,

supra).

The three curves represent the detection of total CD4
(O.D. 490) from the blood of three normal

individuals.

FIG. 2. The correlation between total CD4
antigen as measured in a CD4 immunoassay according to
the =ethod of invention and the total number of CD4

positive cells/mm’ of

blood. Total CD4 (0.D.

490) was

measured from 2.5 ul of whole blood from five
different normal individuals using a CELLFREE' CD4
assay. The number of CD4 positive cells/mm’ was
measuTed in the blood samples three days after
deterxmination of total CD4 antigen from the samples.
Thus, <the number of total CD4* cells/mm’ of blood
appear lower than expected for normal individuals.
Hows+ar, the curve obtained shows a linear
relaz:cnship between total CD4 antigen and the number

of T4~ cells.

T-3. 3. The correlation between total CD4

- awwde

ant:is== =easured from whole blocd of HIV~-infected
indi<s-=2-21s and one normal control and total CD4"
HIV-infected individuals are

cell=s =x of blood.

represe~~ed by a single s(;uare and the normals by the

dout=_= scuare.

S-=. 4. The correlation between total CD4

ntis== =easured from whole blood of HIV-infected

-—d

cells —= of blood.

ind-<s-==-3ls and normal controls and total CD4"*

HIV-infected individuals are
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repertoire of TCRs expressed under nmany_iyw,Vvivo and in vitro ANSAS BLEE
For exanple, in vitro stimulation of nnnogﬁclear cells with ggpgﬁgﬁﬁ:ggsshaN
bacterial enterotoxins (superantigens) |eads to the expansi or—ef——cett+s
expressing a |imted nunber of TCR V[err] famlies (Kappler et al., 1989,

Sci ence 244: 811pfidkenktiad' b0 £XIHPIP Bffark @Rld e dith Pasy i€nd ar

Vlerr] regions hag been detected in certain ani mal nodels of autoi mune

di seases. BPHEL 789858 5s recogni ze cormon deterninants on all a[err]

or y6 TCRs. These FA6l.ude ClhertalMED4a andrigeromethad israndawd ckures. been

shown to speci fi calphk r @C00Rckpa1EoHCRe thedlati il (P tebicined al .,
5 CD4 positive cells by the total CD4 antigen method
and by flow cytometry in 95 normal and disease

samples.
FIG. 7. Comparison of the ability to enumerate

CD8 positive cells by the total CD8 antigen method
10 and by flow cytometry in 86 normal and disease
samples.
FIG. 8. Cell associated CD8 (total CD8 antigen
minus soluble CD8 antigen) in whole blood of 30
normal and 11 cancer patients.
15 FIG. 9. Total T cell antigen receptor g chain

antigen in whole blood of a normal healthy donor.
FIG. 10. Total T cell antigen receptor Vé1l chain
antigen and immunoassay standard curve.

20 5. . D LED DESCRI ON _OF TH ENTION

The present invention is directed to the
measurement of total leukocyte surface antigens,
total T cell differentiation antigens, or related
total markers or fragments thereof, and the use of
such measurements in the diagnosis and therapy of
diseases and disorders.

The measurement of total markers according to the
invention is valuable in cell enumeration, cell
typing, monitoring the effect of a therapeutic
treatment on a subject, detecting and/or diagnosing a
disease in a subject, in predicting therapeutic
outcome or disease prognosis and in evaluating and
monitoring immune status of patients. A plurality of
total markers can be measured, such as total CD4
antigen and total CD8 antigen. 1In a preferred
embodiment in relation to AIDS, assays are configured
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total amount of the marker present in the sample.

For example, in a particular sample such as a sample
that'comprises whole blood, the total marker includes
the amount of marker present in the cell membrane,
intracytoplasmic and soluble serum compartments. The
soluble compartment can include both spontaneously
released soluble marker as well as soluble
recombinant markers that may have been administered
as a therapeutic treatment. In another sample, such
as in a sample that comprises cells in tissue
culture, the total marker includes the amount of
marker present in the membrane, intracytoplasmic and
cell culture media compartments of the sample. 1In
yet another embodiment in which the sample comprises
a tissue, e.g., a biopsy specimen, the total marker
includes the amount of marker present in the
membrane, intracytoplasmic and interstitial
compartments.

As used herein, the term "compartment" modified
by membrane, intracytoplasmic, and soluble elements
of a sample refers to the total amount of all
membrane, the total amount of intracytoplasmic
contents, and the total amount of soluble material
included in the sample.

As used herein, the term "“leukocyte marker"
refers to an antigen or polypeptide found on the cell
surface of a leukocyte. Such markers include but are
not limited to cell surface antigeris, CD (clusters of
differentiation) antigens, receptors, or other cell
surface polypeptides or proteins. The term leukocyte
marker is further intended to include an
immunologicaly active fragment, e.g., an epitope, of
the foregoing molecules. The leukocyte markers for
detection according to the present invention, and the
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specific embodiments, the leukocyte marker can be
CD4, CD8 or T cell antigen receptor (TCAR).

As used herein, the term "leukocyte" refers to
the usual meaning of that terms, i.e., immune
associated cells derived from hematopoietic stem
cells, such as lymphocytes (B cells and T cells) and
myeloid lineage cells (neutrophils, macrophages,
eosinophils, megakaryocytes, erythrocytes, mast
cells).

As used herein, a “"sample" refers to a collection
of cells in the milieux in which they were obtained,
i.e., a biological fluid, or to membrane and/or
intracytoplasmic components of the cells. Total
leukocyte antigens may be measured in samples derived
from a biological fluid, e.g.; whole blood, plasma,
serum, blood cells, saliva, urine, synovial fluidg,
pleural effusions, tumor and tissue infiltrates,
amniotic fluid, spinal fluid or cranial fluid. 1In
another embodiment, the biological fluid may be cell
culture fluid. The sample can comprise tissue,
including interstitial fluid. Preferably when the
sample is a tissue sample, the tissue is treated to
disrupt the connective tissue matrix, e.g., by
trypsin digestion or homogenization. In another
embodiment, the sample comprises cells derived from
the foregoing sources.

5.1. DETECTION AND MEASUREMENT OF
TOTAL LEUKOCYTE MARKER

The total amount of a leukocyte marker exists in
three compartments: the membrane, intracytoplasmic
and released/socluble compartments ("total leukocyte
marker"). The invention includes immuncassays that
simultaneously measure the total amount of a
leukocyte marker present in all three compartments or
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Vatllglar componen%s (step 1). The preferred method

of solubilizing the cells in the sample without
interfering with immunospecific binding is to treat
the cells with a concentrated non-ionic detergent or
detergents to lyse the cells efficiently, thus
forming a "detergent-treated" sample. After the
cells have been lysed the detergent-treated sample is
diluted prior to assay.

Non-ionic detergents for use in present invention
include but are not limited to Triton X-100, Nonidet
P-40 (NP-40), Tween-20, CHAPS, to mention a few. 1In
a preferred embodiment, cells are solubilized with
Triton X-100, Nonidet P-40, Tween-20 and/or CHAPS.

In a more preferred embodiment, cells are solubilized
with concentrated detergent to give a final detergent
concentration of about 2% to about 4% in the
detergent-treated sample.

According to the invention, the total volume of
non-ionic detergent added to the sample should not
dilute out any leukocyte marker in the sample.'
Preferably, the volume of detergent does not exceed
about 25% of the sample volume; more preferably, it
does not exceed about 20%. The non-ionic detergent
or detergents can be added to the original sample
neat, or they can be prepared in a concentrated
solution. In addition to the non-ionic detergent or
detergents, the concentrated detergent solution can
comprise distilled water or buffer. The
concentration of non-ionic detergent or detergents in
the solution will preferably be 5 times, and more
preferably 6 times the final concentration of the
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non-ionic detergent or detergents after addition to
the sample, i.e., in the detergent-treated sample.

In an even more preferred embodiment, more than
one non-ionic detergent is used to lyse the cells.
For example, a high concentration of Tween-20 and
Triton X-100, or Triton X-100 and NP-40, or NP-40 and
Tween-20 can be used. The concentration of each
detergent ranges from about 1% to about 2% after
addition to the sample; the total concentration of
detergent in the detergent-treated sample ranges from
about 2% to about 4%. More preferably the total
detergent concentration ranges from about 2% to about
3%; and even more preferably from about 2% to about
2.5%. In a specific embodiment, the final detergent
concentration in the sample is 1.5% Triton X-100 and
1% NP-40. This is concentration preferred if both
CD4 and CD8 are to be assayed.

In another embodiment, the detergent
concentration is a concentration that inactivates
virus, especially HIV. It is a particular advantage
of the invention that the lytic concentration of non-
ionic detergent, such as the preferred ranges set
forth above, is also a virus-inactivating
concentration.

Other methods of solubilizing cells, e.qg.,
repeated freeze-thaw cycles, sonication, hypotony, or
the addition of lower concentrations of detergents,
are not as effective. 1Ionic detergents such as SDS
are not effective, since SDS interferes with the
subsequent antibody-antigen binding.

After solubilization for at least about one
minute, preferably for about one to about five
minutes, the sample is diluted with buffer (step 2)
prior to analysis in an immunoassay. The dilution
can be 2-fold; preferably it is 5-fold or greater.
The buffer is chosen to be compatable with the
immunoassay for detecting the leukocyte antigen.
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presence of specithieC pr@ldert mettodBikaist Minited el theushaunt
of sample available. 1In one embodiment, about 100 ul
of a detergent-treated sample of whole blood may be
assayed for total leukocyte antigen. 1In a more
preferred embodiment, about 2.5 to about 25 ul of a
10 detergent-treated sample of whole blood may be used.
Similar amounts of a sample of culture suspension,
pleural effusion, or other biological fluid can be
used. The actual amount of sample assayed can be
varied by adjusting the dilution factor.
15 Determination of specific parameters can be
accomplished by a simple dilution series assay, and
is well within the level of ordinary skill in the
art.
Furthermore, a solubilized sample may be stored
20 frozen so that samples taken at different times may
be assayed in a single experiment. In one
embodiment, the sample is stored at about =-20C. 1In a
preferred embodiment, the sample is stored at about
=70°C.
25 Any method of detecting and measuring leukocyte
antigens may be used in the practice of this
invention. Such methods include but are not limited
to competitive and non-competitive assay systems
using techniques such as radioimmunocassays, ELISA

30 (enzyme linked immunosorbent assay), "sandwich"
immuncassays, immunoradiometric assays, fluorescent
immunoassays, and protein A immunoassays, to name but
a few. U.S. Patents Nos. 4,845,026, issued July 4,

28 1989, entitled "Assay Systems for Detecting Cell-Free

T Cell Antigen Receptor Related Molecules and
Clinical Utilities of the Assays" and No. 5,006,459,
issued April 9, 1991, entitled "Therapeutic and
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In a preferred embodiment, a sandwich enzyme
g immunoassay can be used. One description of such an
embodiment follows: An antibody (capture antibeody,
Abl) directed against the leukocyte marker is
adsorbed onto a solid substratum. The leukocyte
marker present in the sample binds to the antibedy,
10 and unreacted sample components are removed by
washing. An enzyme-conjugated antibody (detection
antibody, Ab2) directed against a second epitope of
the leukocyte marker binds to the antigen captured by
mAbl and completes the sandwich. After removal of
15 unbound Ab2 by washing, a substrate solution is added
to the wells. A colored product is formed in
proportion to the amount of antigens present in the
sample. The reaction is terminated by addition of
stop solution and absorbance is measured with a
20 spectrophotometer. A standard curve can be prepared
from known concentrations of the leukocyte marker,
from which unknown sample values. can be determined.
In a preferred embodiment for the measurement of
total CD8 antigen levels, anti-CD8 mAbs 4C9 and 5F4
25 can be used as the capture and detection antibodies,
~ respectively, in a sandwich enzyme immuncassay; in a
more preferred embodiment, a CELLFREE® CD8 assay (T
Cell Sciences, Inc., Cambridge, MA) can be used
(described in U.S. Patent 5,006,459; see Section 8§,
30 infra). In a preferred embodiment for the
measurement of total CD4 antigen levels, anti-CD4
mAbs 8F4 and R2B7 can be used as the capture and
detection reagents, respectively, in a sandwich
enzyme immunoassay; in a more preferred embodiment, a
CELL?REEO CD4 assay (T Cell Sciences, Inc.,
Cambridge, MA) can be used (described in
International Patent Publication WO 90/04180; see
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anti-TCRJ mAbs TCR61 and 4TCS1 can be used in a

sandwich enzyme immuncassay (see Section 9, infra).
In a preferred embodiment for the measurement of
total 8 TCR antigen levels, anti-STCR mAbs SF1 and W4
can be used in a sandwich enzyme immunoassay (see
Section 10, jinfra). The foregoing antibodies have
been deposited with the ATCC, as described in Section
10, infra.

Various procedures known in the art may be used
for the production of antibodies to leukocyte marker.
Such antibodies include but are not limited to
polyclonal, monoclonal, chimeric, single chain, Fab
fragments and an Fab expression library. For the
production of antibodies, various host animals,
including but not limited to rabbits, mice, rats,
etc., may be immunized by injection with a leukocyte
marker. In one embodiment, leukocyte marker may be
conjugated to an immunogenic carrier. In another
embodiment, leukocyte marker epitope, e.g., a hapten,
is conjugated to a carrier. As used herein, an
"epitope" is a fragment of an antigen capable of
specific immunoactivity, e.g., antibedy binding.
Various adjuvants may be used to increase the
immunological response, depending on the host
species, including but not limited to Freund's
(complete and incomplete), mineral gels such as
aluminum hydroxide, surface active substances such as
lysolecithin, pluronic polyols, polyanions, peptldes,
0il emulsions, keyhole limpet hemocyanin,
dinitrophenol, and potentially useful human adjuvants
such as BCG (bacille Calmette-Guerin) and

Corynebacterium parvum. ‘
Monoclonal antibodies to leukocyte marker may be

prepared by using any technique which provides for
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T cells r®di%24898he use of a flow cytoneter, both costly andP@DAUSAILds0gS
‘avai I'able. In addition, federal QU|deI|n§$ define eligibility for AZT
adm nistration to AIDS infected individuals solely on the ba

CD4[err] T cell count (a T cell count which drops bel ow 500
cells/mierr]) regardl ess of synptonology. The cell count cu

pentan di ne { ¢t FBRkuct 1840 o2elahtiHily HURLed g ggﬁg%ﬁﬁgﬁgahgrgﬁgy“
unavai | abl e fl ow.Cytoneter ves a paopul-at i on
patients mnthSﬁ&' ﬁé“ﬁ@aﬁ? GP%ﬁPGSer iﬁ%ﬁﬁb%ﬂﬁ%ﬁﬂ? &Y 3% H9%and therefore

AZT treat ment limiteff tohe&h€Dhbrilohac ddchrdgue erdgs niadllgw 500
celIs/nﬂierr]aééZIisaaabQERkhlg& Q%h°W£¥¥%é¥# '%&@ﬁkerﬁgfgggﬁb%%'d'ne

treatment) (Cow June 25, 0, Newsweek &

Masur Augﬁst49§9937)ScF§ﬁtWPF8 RﬁEFPGaﬁ“ﬁﬁ? Bsged . %ﬁéﬁé§°@P al ., 1990,
New Engl. J. bedhn3adelGRogBorCeedant ,clisals.,, IHG9olbay Faday J. Med.

321:1141-8), Epgg)thedp%hleghv %beQE%%%?QeL%%ique (Cole et al.,

1985, Mconoclonal Antibodies and Cancer Therapy, Alan
R. Liss, Inc., pp. 77-96). In an additional

10 embodiment of the invention, monoclonal antibodies
specific for leukocyte marker may be produced in
germ-free animals utilizing recent technology
(PCT/US90/02545). According to the invention, human
antibodies may be used and can be obtained by using

15 human hybridomas (Cote et al., 1983, Proc. Nat'l.
Acad. Sci., U.S.A, 80:2026-2030) or by transforming

human B cells with EBV virus in vitro (Cole et al.,
© 1985, in Monoclonal Antibodies and Cancer Therapy,
Alan R. Liss, pp. 77-96). 1In fact, according to the
20 invention, techniques developed for the production of
"chimeric antibodies" (Morrison et al., 1984, Proc.
Nat'l. Acad. Sci. U.S.A. 81:6851-6855; Neuberger et
al., 1984, Nature 312:604-608; Takeda et al., 1985,
Nature 314:452-454) by splicing the genes from a
25 pouse antibody molecule specific for leukocyte marker
together with genes from a human antibody molecule of
appropriate biological activity can be used; such
antibodies are within the scope of this invention.
According to the invention, techniques described
30 for the production of single chain antibodies (U.S.
Patent 4,946,778) can be adapted to produce a
leukocyte marker-specific single chain antibody. An
additional embodiment of the invention utilizes the
techniques described for the construction of Fab
expression libraries (Huse et al., 1989, Science
246:1275-1281) to allow rapid and easy identification

35
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t her apeut iyGq bgf&w,entlon The neasurenent of CD4 pOSitivelF%{%Q?@poss
0

posi t+ ve cells'may be used to detect or diagnose di sease
di sease treatnment as described in patents ygnd publications
4,725, 543,

1 3 MAR 1997 US 4, 361, 550, US 4,908, 203, W91/10722, W89/ 1814
W91/ 07985, EP 421, 380, W1/ 09966, W91/ 03493, EP 403, 935, W88/ 02
4,695, 459, and of monoclonal Fab fragments with the desired

specificity for leukocyte marker.
Antibody fragments which contain sites specific

for leukocyte marker may be generated by known

5 techniques. For example, such fragments include but
are not limited to: the F(ab')2 fragments which can
be produced by pepsin digestion of the antibody
molecule and the Fab fragments which can be generated
by reducing the disulfide bridges of the F(ab')2

10 fragments.

The above-described method can also be used to
assay any total leukocyte surface marker, e.g., the
markers described in Sections 2.1 supra. For
example, and not by way of limitation, total CD4,

15 total CD8, or total TCR may be measured in the
practice of this invention. In another embodiment, a
plurality of two or more total leukocyte surface
molecules or markers can be measured. In yet a
further embodiments, the relative amount of one

20 marker can be compared to another.

5.2. ENUMERATION OF LEUKOCYTES
S VE_FO

The measurement of a total leukocyte marker
25 according to the invention provides a method to
enumerate the number of leukocytes that are positive
for the leukocyte marker in a sample. In another
embodiment, the activity of a leukocyte marker in an
assay can be compared to the activity of a standard
30 that comprises a known number of cells positive for
the leukocyte marker.

This aspect of the invention is based on the
discovery that the total leukocyte marker level in a
sample, which is proportioned to the activity of the

35 leukocyte mark in an assay for the leukocyte marker,
correlates directly with the number of cells positive
for that marker. As shown in an Example, infra
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US 4, 649, 2. 4. METHODS OF MEASURI NG LEUKOCYTE
'SURFACE n&?ﬁﬂ%’é"l N A SAVPLE The methods for detecting, %ft"%{glisﬁgloéms
di agnosing a di sease, or nonitoring the pfagress of therapy g 2

di scussed above require separation of the conponents of a sa
exanpl e, methods of diagnosis or nonitoring of a patient wt
depend on detection of the anmount of a sol uble | eukocyte antigen, and
conpari son of (Sketdwnurm othsobuhkelhtubacwhmw&mh gmﬁ inindey Pl e froma

patient to th fy 11N f i.dual or in the sane
o vidual ot D8 odenie Rediingy aELRaldRe oKE Brliiney) 0015 Cand W0

90/ 04180. HowkD¥PNtipe a§§a§~h§anﬁneeﬁu91f §e1|1§o|%t@@mfm & 1s and
cel lul ar debr fguorkisebnce-acti va¢aaudeld. sorting (FACS) has a

g correlation coeffecient of 0.946, which indicates
that enumeration of a leukocyte marker-positive cell
by the total leukocyte marker method of the invention
can be as reliable as enumeration by flow cytometry.
Furthermore, as pointed out in the Summary of the

10 Invention, supra, the present methods do not require
complicated sample preparation, careful storage
conditions, or expensive analytical equipment.

In another embodiment, the amount of leukocyte
marker in the membrane and/or intracytoplasmic

15 compartments of a sample, i.e., not including soluble
leukocyte marker, correlates with the number of cells
in the sample. As shown in an Example, Section 8

fra, the correlation between the number of cells
positive for a leukocyte marker and the amount of

20 leukocyte marker in the membrane and intracytoplasmic
compartments is good.

According to the present invention, the number of
cells positive for a leukocyte marker in a sample can
be determined by (1) determining the total amount of

25 jeukocyte marker in a sample, and (2) calculating the
total number of cells positive for the leukocyte
marker from the total amount of leukocyte marker. 1In
one embodiment, the calculation can be made by
extrapolating from a standard curve of total

30 leukocyte marker versus total number of cells
positive for the ieukocyte marker. In another
embodiment, a formula can be derived from a standard
curve, and the total amount of leukocyte marker
plugged into the formula. In yet another embodiment,

3 only the activity of the assay for a total leukocyte
marker is used to calculate the total number of cells
positive for the marker. In this embodiment, the
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Prior to the instant invention, measurenent of the amount of | eukocytes
positi-ve f¥O82408%8docyte marker was carried out by direct anal®REVES8i/0808s
cells. To date, investigators have prlna& |y neasured the arpunt of cel

surface markers in enriched cell popul ati 8ns derived from dhﬂSQh@E~HA',
I nvol ved separating whole blood into its serum (or plasm) &nd CekéPLAcED e
constituents followed by enrichnment of the desired cells by procedure

as those Invol!besltbﬁohuélsfoieﬁﬁécfée%fs@&slénﬂeﬁ@é@ﬂaem tgel ation of
whi te bl ood celliaon ensj col | - Hypaque

The enriched cEPf Ebﬁﬁl%??b%§g¥ah“ Hae %%tgﬁﬁ ne;%éiggger@%? BetRed or
i ndi rect i munof| caieutahingi avbbvahgnihber cgf ocellss ©rgf) uorescent

mi'Croscopes, OgyghhgsRakidA! dr! ¥ SEErNh ik, APORLDRE Hice bukhir s fol I oved by

anal ysi s of \ . i )
5 The present invention provides simple,

straightforward methods to calculate a standard. 1In
one embodiment, the total amount of leukocyte marker
relates to the total number of cells positive for the
marker. In a more preferred embodiment, a linear

10 regression analysis of the total leukocyte marker to
total cell number positive for the marker is
performed. The linear regression analysis can yield
a straight line curve, an estimate of error, and a
formula for calculating total cell number from total

15 leukocyte marker amount.

In another embodiment, the activity of the
leukocyte marker in the detergent-treated sample can
be detected by immunological detection means and
compared with an assay of a known amount of leukocyte

20 marker in a standard sample, and the number of cells
positive for the leukocyte marker determined from the
comparison. In a more preferred embodiment, the
activity in an assay of the leukocyte marker in the
detergent-treated sample can be compared with the

25 activity in an assay of the leukocyte marker in a
standard containing a known number of cells positive
for the marker, and the number of cells positive for
the leukocyte marker in the sample determined from
the comparison. '

30 In another embodiment, the correlation of total

leukocyte marker with cell number positive for that
marker can be corrected for an excess amount of
leukocyte marker in the soluble or total compartment.

The amount of soluble leukocyte marker can be assayed

by the same immunological detection means, e.g.,

using the same immunocassay. The amount of soluble
marker can be subtracted from the amount of total
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REPLACEMENT SHEET 11 either the total |ysate
or menbr ant¥O$308§t osol i ¢ conponents individual ly. Limtati on®CIfUSHiF808S
procedures include (1) the requirenent fog fresh sanples, (2) the
use enriched cell popul ations rather than ol e bl ood, (3) the requrHieRER
of expensive equipnent, (4) the tine involved in preparing the sappl es
(5) the need for fairly |large sanple sizes or cell nunbers for analy

since cells arg,bqgk Ui ddistaTy %aqrxews%eme% epsuasLlbgcause f1ow

cytonetric analyses require that a statisticall éﬁuflcanl nunber of
cel I's be anal yFagkes: VAdiyeiian feisglaten@ore decurately with the

cell count. In a specific embodiment, the total
number of CD8+ cells correlates with the total amount
§ ©of CD8 minus soluble CD8 (see Section 8, jinfra).
In preparing a standard, total cell number can be
independently determined by any means known in the
art, e.g., FACS, immunofluorescence microscopy, and

complement lysis assays, to mention a few. 1In a
10 preferred embodiment, the independent total cell
number is obtained by FACS.

A total CD4 assay may be used to estimate the
member of CD4* T cells in a patient sample. The:
estimate of the number of CD4* T cells in a sample

15 can be used for diagnosis or monitoring of a
therapeutic treatment, e.g., for AIDS patients.

In a preferred embodiment, CD8* cells can be
enumerated by measuring the total amount of CD8
antigen in the sample and subtracting the amount of

20 soluble CD8 antigen in the same sample. Such an
analysis yields information on both the immune system
activation and the CD8* cell count.

In yet a further embodiment the total number of
T cells positive for af or y6§ TCAR can be determined.

25 Similarly, the total number of T cells positive for
subsets of Va, VB8, Vy or V§ can be determined. Thus,
whole blood samples can now be analyzed quickly,
safely and reliably for the number of specific
subsets of T cells.

5.3. KITS
The reagents necessary for the practice of the
present invention can be conveniently provided in a
kXit. The essential elements of a kit of the
invention are a concentrated non-ionic detergent
solution and a means for immunologically detecting
the presence of an éntigen.
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to be obtained. In diseases where the cells of interest are steadily
decl i ni ng,wlropros9ganpl e, the decrease in the nunber of CD4 cepts/usoi/ogpgki V
i nfection and progression to AIDS) |arger sanple vol unes nus e _used in

order to obtain a significant nunber of é8II's to analyze in | AHISSHERTNRAS BEEN
cell popul ati on. : 3. SUMVARY OF THE | NVENTI ON The REPEAEED
I nvention overcones the deficiencies of the prior nethods of detecting

par 1 cul ar 1 eukooyTie i kerhy SRS % TarrastedTond drtactien * °
easy-t 0-use NERQRRS tlnowmsin thetant amudi. othasecdkseyssedniRer in a
sanpl e contai nsegeLeh!$. i, t | Ol gt epérdbiy dehd YhhGRoibgicgl! s are
obtained. A teJer@etcetl:iYén tntlganssarg)ree aca{'izgs()@tgégtﬁggtaggkggdy specific
g5 for a leukocyte marker, and a second detectable
antibody specific for the leukocyte marker. The
first antibody can be provided on a solid support,
such as a glass or plastic bead, membrane, a plastic
stick, a microwell, a glass or plastic test tube, or
10 other solid supports known in the art for
immunocassays. Alternatively, the first antibody can
be provided for later immobilization. The first and
second antibodies can be provided as a lyophilized
preparation for reconstitution, or as a concentrated
15 solution. The second antibody can be detectable by
labeling means. In a preferred embodiment, the
labeling means is an enzyme.
The detergent solution is provided in a container
having sufficient volume to hold the amount of
20 solution necessary for the number of assays
contemplated by the kit. Preferably the detergeht
solution comprises two or more non-ionic detergents.
In a preferred embodiment, the detergent solution
comprises 9% Triton x-100 and 6% NP-40 in distilled
25 water. That particular detergent concentration is
optimum with respect to an assay for both CD4 and
CD8.
Preferably the kit comprises a leukocyte marker
standard, either in solution or lyophilized for
30 reconstitution. More preferably, the kit comprises a
standard comprising a known number of cells positive
for the leukocyte marker of interest. Thus, the
activity in an assay for the leukocyte marker in an
unknown sample can be directly compared with a known
sample, and the number of cells in the unknown sample
that are positive for the leukocyte marker enumerated
thereby.
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determining the total anpunt of a |eukocyte marker in a sa
addi ng a concentrated non-ioni c detergent
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The kit can further comprise a reagent reactive
with label, when the second antibody is detectable by
attachment of a label to the antibody. For example,
when the label is an enzyme, the kit can provide the
enzyme substrate. The kit can also provide a
dilution buffer, in final concentration, high
concentration for dilution, or dry for
reconstitution.

In yet a further embodiment, a kit provides
immunological detection means for more than one
leukocyte antigen. In a preferred embodiment, the
kit comprises immunological detection means for both

CDh4 and CDS8.

5.4. METHODS OF DIAGNOSIS AND
MONITORING OF A DISEASE

'S.4.1. METHODS OF DIAGNOSIS

In another embodiment of the present invention,
measurement of a total leukocyte marker can be used
to detect, diagnose or stage a disease or disorder in
a subject. The measured amount of the total
leukocyte marker is compared to a baseline level,
i.e., the amount of total leukocyte marker in normal
individuals. This baseline level can be the amount
which is established to be normally present in the
body fluid of subjects prior to the onset of disease
or the amount present during remission of disease.

Disease or disorders which may be detected,
diagnosed or staged in a subject according to the
present invention include but are not limited to
those listed in Table III.
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sol uti onwe daliggegpnpl e to forma detergent-treated sanple, apdrai$mvosegst he
detergent to lyse the cells, and/or disrupt nenbranes. Fbving rel eased any

(i.e., inclusive of marker so released as well as any sol ELHAS,BEEN

i ntracel | ul ar and/ or nenbrane bound ner k& 1 n this manner #gc tu*"' SR
may be present originally in the sanple) of |eukocyte mardeL %ﬁqg%mle

can be detected. After the cells have been | ysed, the sanple is diluted to
reduce the detergent concentratlon ﬂ&ﬁ of t he amount of | eukocyte

mar ker in the sa | ég;#ﬁh &
| mmunoassay. ’%msétfgf :g%% iF @&gm& S can be
used to deternP B4 gﬁ*@@&tes positive ?or t he

| eukocyte marker, in a sanple 1.e., nmeasurenment of total |eukocyte marker
can be useq to enunerate cells expreSS|ng that antigen with an appropriate

correlatiofm. Even mpedtddusMliseaisest Taduicedanyt wirus
Herpesvirus

Cytomegalovirus

Epstein-Barr Virus

HTLV-1

HTLV-III / LAV / HIV (AIDS)

10 11. cCancer

B or T cell leukemia

HTLV-I- associated adult T cell leukemia
B or T cell lymphoma

Burkitt's lymphoma

Hairy cell leukemia

Sezary syndrome

15 Hodgkln s disease
Chronic lymphocytlc leukemia
Non-Hodgkin's lymphoma
B-cell acute lymphoblastic leukemia
Solid tumors
III. Autoimmune Diseases
20 . - Rheumatoid arthritis
- Diabetes
- Multlple sclerosis
- Systemic lupus erythematosis
IV. Organ Allograft Rejection
25
The methods for detecting diseases or disorders
based on the number of cells in a sample from the
patient that are positive for a leukocyte marker are
30 discussed in Section 2.3 supra and in the references

cited therein. Those methods can be practiced by the
present methods of the invention more cheaply and
easily than heretofore thought possible.
In one embodiment, the amount of total CD4
35 antigen can be used to enumerate CD4 positive cells
which in turn can be used to diagnose AIDS. 1In the
past, the diagnosis of AIDS was determined when a
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of the cor Mg aziosssibet ween the neasurenents obtai ned accordi ng LER
. . e . . PCT/USY1/08085
nmet hod of the invention and cell counts achi eved by conventional neans.
Hence, the instant invention represents & B3ghly advant ageous ' _
for the nore cunbersone nethods of the prior art. Measur efrent 5> 0FET BASIBEEN
| eukocyte markers are useful in nonitoring the effectiveness of—a RGN

of a subject, in predicting therapeutic outcone or disease prognosis, and

in eval uati ng aRatdBAtt dhicnyashdInpasltive deransigatad £04vkasur ements of
total |eukocytepaBikive @@ 10AGRIEE S{BED e SHdyd’ ChncBRENPreg@naeassays

where the sanples are treated so that the fotal,. amunt of | eukocyte
marker present PR SB8bPEECLe SERSFHEIAESAL HHFCHMRe Mt nents can

be neasured. defianp&ioinc 9faAIRfHddE eepestathed mhandertad HINrected to
the nmeasurengnt ,gk; 3AQENL%H ¢hed Yralsedde of <200 cells/mm3 whether or
not opportunistic infections are present (see Section
2.3., supra). ’
Responses to viral infections can also be
monitored by measuring total CD8 levels in a patient.

10 For example, patients infected with herpes virus or
an AIDS virus can present modified levels of total
CD8. In other embodiments, total levels can be
measured in transplant patients, and used as a
diagnostic indication of allograft rejection.

15 Detection of increased levels of total CD8 can be
associated with rheumatoid arthritis and infectious
diseases such as EBV-induced mononucleosis.

Detection of elevated levels of a CD8 antigen can
indicate the involvement of significant numbers of

20 suppressor/cytotoxic T cells with a specific
pathological event, distinct from immune activation.

In yet another embodiment, the measurement of
total CD4 in a cell culture can be relied on as an
indication of the CD4* phenotype of the lymphocytes

25 present. For example, CD4* leukemias or lymphomas can
be classified using total CD4 antigen measurements.
In a further embodiment, the measurement of total CD4
antigen can be used to detect CD4" cells and to
enumerate them. Similar embodiments of the invention

30 include the measurement of total CD8 antigen to
classify CD8* leukemias or lymphomas, to detect CD8*
cells and to enumerate then.

.4.2. METHODS OF MONITORING

15 5.4.2

The present invention provides a method for
monitoring the effect of a therapeutic treatment on a
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subject who has undergone the therapeutic treatment.
This method comprises measuring at suitable time
intervals the amount of a total leukocyte marker.
Any change or absence of change in the amount of the
total leukocyte marker can be identified and
correlated with the effect of the treatment on the
subject.

In one embodiment, total CD4 can be measured
(and CD4* cells enumerated) and used in the
prediction of therapeutic outcome of AIDS patients
following administration of therapeutic compounds
such as AZT, interferon or CD4.

In ancther embodiment, total CD8 antigen can be
measured and correlated with disease progression or
treatment outcome.

Measurement of total T cell antigen receptor
can be especially useful in monitoring the
effectiveness of treatment with agents such as T cell
receptor specific antibodies. 1In specific
embodiments, the total TCR antigen in a specific
subset of T cells expressing specific variable
regions can be measured and correlated with treatment
outcome.

The therapeutic treatments which may be
evaluated according to the present invention include
but are not limited to radiotherapy, drug
administration, vaccine administration,
immunosuppressive or immunocenhansive regimens, etc.
The immunosuppressant regimens include, but are not
limited to administration of drugs such as
Cyclosporin A, chlorambucil, cyclophosphamide, or
azathioprine, and anti-T cell antibody such as
anti-T3 monoclonal antibody, anti-T cell antigen
receptor antibody, and anti-thymocyte globulin, etc.
The immunoenhansive regimens include, but are not
limited to administration of interleukin-i,
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Tot al t nmeasur enents ar i all f ul n
@?ﬁ%ﬁsﬁw are especially useful in diseases associ ated

wi t h. nodul 't he CD8 subset of |eukocytes. These incl udé’CB'dVS%lV@s%ét
limted to infectious disease, autoi mungegdi-sease, and trarns Llun
rejection illness. In yet another enbodinment, the invertﬁgﬁ aﬁ?¥%ﬁﬁﬁ¥

to the neasurenent of the total amount of T cell antigen rbﬂnnfnr

‘present in a sanple. Total TCR neasurenents can include the neasurenent of
total TCR on aihteeubaxenpnessnagraeukiﬂr-u]ana bener TCBe@l g@BwtAcl ude the

measur enent of gTCR on particul ar subsets of cells including, but not
limted to, sugsets expressing specific V[err], V[err], Verr] and/or
V[err] peptides. In a further enbodi nent, the invention is directed to

the measurement of beth.she REPHOGS OGF totRENOSTEOOK! RONRTERENEND t he ampunt
of the sane sol ubl e | eukocyt®F "PHERXPYIBASED ODRADEBROTDONt OF neasur ed

level s. TheSchange in the tohaPLURMGIEY abFl LEUKOCYTE MARKERS

The present invention also provides for the
detecting or diagnosis of disease, or the monitoring
of treatment by measuring a plurality (at least two)
of total leukocyte markers. For example, a plurality

10 of T cell markers either in total form, for example
but not limited to CD4 and CD8, and TCAR to mention
but a few, can be measured to diagnose, detect, or
monitor treatment of diseases or disorders. Such
diseases or disorders include those indicated in
Table III. Total marker levels can represent a
measure of immune system function, paralleling
disease course or treatment efficacy. In a preferred
embodiment, the prognostic indicator is the observed
change over time in different marker levels relative
to one another, rather than the absolute levels of
the markers present at any one time. Since CD4, CD8
and TCAR are indicators of the immune system
function, they should provide a much improved measure
of the relative health of the immune system during
various stages of disease or disorders.

15
20

25

In a particular embodiment, diseases and
disorders caused by HIV (the causative agent of AIDS)
infection may be monitored by measurements of a
pPlurality of leukocyte surface markers. AIDS
therapies include the treatment of AIDS patients with
drugs such as AZT (azido-deoxythymidine), y or g
interferons, and with soluble CD4, or its fragments
and derivatives. In another embodiment, the efficacy
3s ©f potential AIDS vaccines, such as gpl20 peptides

can be tested by monitoring a plurality of markers.
Practitioners in AIDS therapy very much need a
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sol ubl e | evele/eg9Bati ve to one another during disease progrespepfysyi/ososs
di sease treatnent can be superior to the neasurenent of eitjfh t+ota—OL ‘
sol ubl e I evel s al one. Such neasurenents 3®e~useful for the dg$§€Fﬁ§RHASBEEN
di agnosis or nonitoring of treatnent of a di sease or di sorded REPLACED

anot her enbodi nent, the invention provides for the nmeasurenent- of the total
anmount of two or nore | eukocyte nmarkers, and conparison of the anpunts of

the markers. PFEGRAURe Jhah Rl Perusad tiymenitor,the efticacy of.

14 these treatments or vaccines. To date, the levels of
the HIV antigen p24 have not proved sensitive enough.
Total CD4 relative to total CD8 can be detected in

5 HIV-infected patients with different manifestations
of disease, providing a sensitive immunoassay to
monitor AIDS therapies and vaccines. The measurement
of total CD4 and total CD8 is an inexpensive and easy
immunoassay format and is a valuable clinical tool

10 for predicting disease prognosis and treatment
outcome in AIDS patients. Detection of total CD4 and
CD8 according to the method of the invention antigen
provides a particularly useful way to follow HIV
infection and AIDS therapy since the relative level

15 of CD4 positive T cells decrease dramatically
relative to the total number of CD8 positive cells in
the progress of AIDS etiology.

In a preferredﬁaspect, the approach that can be
taken is to determine the levels of total CD4 and
20 total CD8 levels in longitudinal time studies and to
compare these values with a baseline level. The
baseline level can be either the level of the marker
present in normal, disease-free individuals or the
level present in a patient prior to treatment, during.
25 remission of disease, or during periods of stability.
These levels can then be correlated with the disease
course or treatment outcome.
The present invention also provides for the
detection or diagnosis of disease or the monitoring

30 o treatment by measuring the amounts of total
leukocyte marker and of soluble leukocyte marker in a
sample and comparing the two measurements. The
change in the levels of the leukocyte markers

a5 relative to one another can be an improved prognostic

indicator. In one embodiment, the level of soluble
CD8 (a measure of immune system activation, see
International Patent Publications WO 87/05912
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(e.g., the difference yields cell membrane bound plus
cytoplasmic €D8, which is equivalent to cell-
associated total CD8). Such a comparison gives
information on the relative level of immune system
activation and on changes in the number of cells in
the CD-positive cell subset, both useful in the
monitoring of disease progression or treatment. In a
preferred embodiment, both the soluble and total CD8
antigen levels can be determined using one
immunoassay configuaration, but with different sample
treatmenf before assay.

The instant invention will be further clarified
by the following Examples, which are provided as
purely exemplary of the invention and are not
intended as limiting of the invention.

6. H TO CD4 ANTIGEN ASSAY
The present example demonstrates the
development of an assay that correlates total CD4
values with the number of CO4* T cells in a sample.

6.1. E HODS
6.1.1. SAMP P. ON
Samples. Patient samples included 26
sero-positive HIV-infected individuals and 13 healthy
adult volunteers. Blood was obtained by venipuncture
into a blood collection tube.
Sample Treatment. Prior to assay, whole blood
samples were treated as follows.
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just ‘the anobunts present in one or two conpartnments. Secondl
measurenent of total nmarkers is easier ts$has ot her procedure
greater sanple preparation, conplex equi pnent and nore stepsg
smal | quantities of sanple, e.g., 100 [err]l, and as little
of whol e blood, can be directly analyzed in a sinple i munoassay fornat

Wi t hout prior eBEEBhABNt Of t he sanples. The small volunme of whol e bl ood

necessary has maj or 1Benghi bg hﬂt@edaah&heeapahbeat WARS YéndVed fraids and
small children. This represents a significant cost reduction per sanple

anal yzed, and t kBecbilRPAacrdAestian Ekbenéﬂﬁeméﬁﬁﬁpﬁéﬁh REquAlr &fent
t her eby maki ng t:bacanah-xsea vkdakyed ahtabke wzmayxl-al@@r aleqr iNgs- 4@

clinics. Four agurepent o rker an i_nprovenent, since
"t nvol ves 854 HT83 VERERL: FRnmand ods B 91AB% S Bevocol o i hat
are hazardous |mhnbem¢a$urefwas then incubated for one minute at

room temperature. After one minute the treated

sample was either used in a CD4 immunoassay or stored

at -70'C until assayed. Samples stored at -70'C were

10 allowed to thaw at room temperature before use.

Step 2:

Prior to assaying the treated samples in a CD4
immunoassay, the samples were diluted as indicated in
the results section with sample buffer (1% bovine

'S gserum albumin, phosphate buffered saline, 0.25% NP-40
and 0.01% thimerosal) to dilute the concentration of
detergent. Total sample volumes added to the
immunoassay were maintained at S0 ul.

I ncl ude thwég&ﬁsgﬁmunt of markers present in all three corrpa;{_.@&%msggg

20 6.1.2. CD4 IMMUNOASSAY
Total CD4 antigen was measured in a CD4 specific
immunoassay (see International patent publication
WO 87/05912 published October 8, 1987) involving a
one-step, three hour format using microtiter plates

25 that had been precoated with capture antibody
overnight. Briefly, each well of a 96 well
microtiter well plate was coated with 100 uyl of
murine anti-CD4 coating antibedy in

10 phosphate-buffered saline (PBS) overnight at 4°C.

Any remaining protein-binding sites were blocked with
300 ul per well of blocking buffer (0.5% césein,
0.008% NP-40, 0.005% EDTA in PBS) for 2 hours at
37°C. The wells were washed three times with 350 pl
35 per well of wash buffer (PBS, ph 7.4, with 0.05%
Tween 20). After aspirating the final wash buffer
from the wells, 50 ul of horseradish peroxidase (HRP)
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infectiousweegnpbggsif rom patients. Mst-inportant, for infectipggggusd{vasess
such 'as those containing HV, 15 t he
solubilization procedure, i.e, treatnent 3Pth concentrated
i nactivates the virus, thereby nmeking subsequent analysis s
the total marker assay does not require fresh sanples. Each
can be treated and

conjugated murine monoclonal anti-human CD4 antibody

(in PBS with 15% FCS and 0.15% NP-40) and 50 ul of

sample or standard were added to each well of the
microtiter plate in duplicate. The combined volume
5 of sample and HRP conjugated antibody was 100 wul.

Samples and antibodies were incubated for 3 hours at
room temperature. After washing the plate as
described above, 100 w1 of OPD substrate (OPD

tablets, BioDesign Intl, Catalogue # A45104T,
dissolve 1 tablet in 4 ml citrate buffer-peroxide,
BioDesign Intl, Kennebunkport, Maine, Catalog number
A45105B) was added to all the wells and incubated for
30 minutes at room temperature. At the end of this
last incubation, 50 ul of 2 N H,SO0, was added to each
well to stop the reaction and absorbance of each well
was read at 490 nm. Results were plotted as values
obtained for each sample at 0.D. 490 against total
CD4* cells/mm’ or sample volume. Correlation
coefficients were calculated using linear regression

10
15

20
analysis.

Whole blood samples from normal and HIV-infected
patients were assayed for absolute CD4" T-cells/mm?

using the formula:

25 :
Abs. CD4* T cells/mm’ = WBC x % Lymphocyte x % CD4"

T cells.

WBC (White blood cell count) was determined using
30 a hemacytometer. $§ Lymphocyte was determined by a
differential count, and %CD4* T cells were determined
using the Ortho cytoflurograph II and Leu-3a
(anti-CD4) fluorescein-conjugated antibody (Becton
Dickinson, Mountain View, CA.)
35

Sheet Has Been Replaced

T




stored fr Qg5
fromthe sane
Each sanple c
t hawed and an
flow cytonetr
al so elimnat
i nt erassay va
tinme.
follow ng ter
the total ano
fragnent t her

S

10

18

20

25

30

s0kbks 1S especially useful for a series of sanp] SE obt ai ned

pa Ient over a period of tine as in a |ongi t ugil/USP1{pg08s
an quickly be treated and-fg@zen so that all sgnPHESSHEET H¥S BEEN
al yzed sinmultaneously. This is a definite inprdvenenRERMWSIED

ic analysis where the cells need to be fresh and intact. Tt
es variance obtained in assay results that arise from

riability, sinée2al| EXPEROIMENSARYRESHRTSe perforned at one
eriment L: DﬁEthIbQNﬁc of tAtaisedsng rﬁngythe

gﬁtthl h%éf%%}e naanln%dylgagcg%%gl Total Le AaTeTRmeor
wbether detergent treatment of whole blood would

Yield reliable measurements of total CD4 antigen in a
CD4 immunoassay. Samples of whole blood were treated
with a 6x detergent sclution using a ratio of 20 pl

detergent to 100 ul anticoagulated whole blocod.
Serial dilutions were made of these samples to
produce a series of samples containing decreasing
amounts of total CD4 antigen. These samples were
then analyzed in the CD4 assay to determine which
dilutions produced values that were linear with
sample dilution. As the assay configuration became
saturated with excess CD4, the optical density values
representing total CD4 values became nonlinear.

The results of this experiment can be seen in
Figure 1. Total CD4 preparations made from three
healthy volunteers were treated with concentrated
non-ionic detergent, and diluted in serial 1:2 )
increments (from 1/2 to 1/32). Sample volumes were
maintained at 50 x1 by dilution into sample buffer.
Linear regression analysis demonstrated that samples
containing less than 20 yl and preferably 5-10 gl of
detergent treated whole blood were optimal for total
CD4 measurement as they fell within the linear range.
Samples containing greater than 20 gl of whole blood

saturated the assay and total CD4 could not be
accurately determined.

Experiment 2: Specificity of the total CD4
antigen measurement. The ability of an anti-cD4
antibody to block the total CD4 signal detected in
whole blood samples of three normal controls is
presented in Table IV. The assay was run as
described above, except that before adding the
HRP-conjugated murine anti-CD4 monoclonal antibody to
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to a final volume of 50 ul.

|/ LAV/ H V

nenbrane associ at ed,

pr esent Pﬁ.‘l‘éb§gl}ﬁ9p@5

| / Lynphadenopat hy

bl ood eelgh esount

AZT

Human T cel | [LEGISSHERT HAg

REPLACED

| mmunodefici ency Virus

The unconjugated.

antibbdy was able to block total CD4 detection by
S0%, 51% and S1% in samples #1, 2, and 3,
respectively, at the level of competing antibody
used. This demonstrates the specificity of the assay
Other proteins released during

to detect total CD4.
detergent lysis of the whole blood samples (such as
hemoglobin) did not interfere with the assay.

TABLE IV
SPECIFICITY OF TOTAL CD4 DETECTION IN DETERGENT
T D _WHOL oD
o. 495

sample # 10 yl=*

1l 0.433

0.216
2 0.928 0.472
3 0.833 0.422

10 yl + anti-CD4=* ibitio

50%
51%
51%

* 10 41 of detergent treated whole blood prepared
from normal uncoagulated whole blood

** S5 pul of the anti-CD4 coating antibody from the
CD4 assay was also added to compete for binding.

Experiment 3:

Enumeration of cell number using

total CD4 values. This study was done to determine
whether the measurement of total CD4 levels in
treated whole blood samples would correlate with
absolute CD4 positive cell numbers.
demonstrate a statistically significant correlation
between total CD4 measured in whole blood samples and
the total number of CD4* cells/mm’ of blood (r=0.904).

This Sheet Has Been Repl

I

I

[

Data in Figure 2

BEEN ;



Spont aneo w0 19210898 E rel ease by normal or PCT/US91/08085

"pat hol ogi ¢ physi ol ogi cal A processes of the cel
Al DS = Acquired im dgdef i ci ency THIS . :
di sease syndrome TCAR = T cell antigen ecepPHriigggBEEN [

10

15

20

25

30

Samples measured in this assay contained 2.5 yl of
detergent treated whole blood diluted to a final
volume of S0 ul from a total of five normal controls.
The normal range of CD4*cells/mm’ is 800-1000
cells/mm’. The normal values in this assay appear
lower than usual due to the fact that the WBC count
used to determine the number of CD4 cells/mm’ was
performed on the uncocagulated blood samples three
days after the CD4 assay was run. The relationship
between total CD4 detected in the assay and the total
CD4* cells/mm’ for each individual was determined by
linear regression analysis and a statistically
significant r value of 0.904 was obtained. This
indicates that the measurement of total CD4 antigen
can be used to directly enumerate CD4 positive cells.

Experiment 4: Enumeration of CD4* cells in
HIV-infected and normal individuals using
measurements of total CD4 antigen. After the
properties of the total CD4 method were established
using healthy donors, further study was conducted to
establish a relationship between the total CD4 as
measured in the ELISA to the total number of CD4* T
cells in HIV infected individuals.

The total CD4 antigen values of HIV-infected
individuals and normals were determined using the
total CD4 method on two separate occasions. The
result of these experiments are presented in Figures
3 and 4. Ten uyl of whole blood samples diluted to a

total sample volume of 50 ul from either the disease
group or control group were used to determine the
total CD4 antigen values. The total CD4* cells/mnm’
cells was determined on fresh uncoagulated blood
samples on the day of the CD4 assay.

Both Figures 3 and 4 demonstrate a statistically
significant correlation between total CD4 antigen
measured in the assay and the total CD4* cells/mm’ for
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4. DESCRIW® ¢odds; THE FI GURES FIG 1. The measurenent of deqirplso{A0doss
antigen in whole blood according to the nethod of the invention using a

detection of total CD4 (O D. 490) fromthe bl ood of three no

CELLFREE CD4 assay (see Section 5.1, supBay. The three curvegtepresent—the
IS SHEET HAS BEEN
i ndi vi dual s. FIG 2. The correlation between total CD4 amtigenRERL-ACED

nmeasured in a CD4 i mmunoassay according to the nmethod of invention and the
total nunber REtIERheHIVriniected / grminf (Hingde sguareeaps phe190) was
nmeasured frorachrdErgtoupl (dbwbke pndrés p i veodsbbeanat onesnal

I ndi vi dual s ' LLF er ositive
cells/mMm8B magﬁﬁgg%ﬁ?éﬁé%nffﬁééﬁ?bgﬁg éﬁ%%ése¥gpge ggégggﬁpgr determ nati on
of total CD4 mgAsumenéntnefheotalnfRé anpigenshéraunderessenstal CD4[err]
cel I's/m{egrlerdatd®Ofhole blood accurately reflects the absolute

number of CD4* T-cells in whole blood for both normal

and HIV infected individuals.

6.3. DRISCUSSION
10 As described herein, we have developed a method

that measures the level of total CD4 antigen in a
patient sample. Whole blood samples were detergent
treated and assayed using a CD4 immunocassay in a
one-step, three hour format. It was demonstrated
15 that total CD4 antigen could be detected in whole
blood samples of normal individuals by a simple
~detergent lysis step and CD4 immunoassay. Optimal
detection could be measured using 10 gl or less of

detergent treated whole blood samples. Accurate and
reproducible measurements can be detained from 2.5 ul

to 5 uyl of whole blood. The detection of total CD4

antigen was specific as a murine anti-CD4 monoclonal
antibody was capable of blocking the total CD4

25 antigen signal when added to the assay format. The
release of other proteins during detergent treatment
of whole blocd did not interfere with the specificity
of the assay. It was further demonstrated that the
total CD4 antigen values obtained in the ELISA

30 correlated with the total CD4* T cells/mm’ in the
whole blood of normal donors (r=0.9).

A comparison between the total CD4 antigen
‘obtained in the CD4 ELISA and the total number of
CD4* T Cells/mm’ of whole blood yielded a

35 statistically significant correlation in both
HIV-infected individuals and normals. This
comparison was determined on two separate occasions

20
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appear | o%® 9etoga8expected for nornmal individuals. However, tperay$9ifososs
obt ai ned shows a linear relationship between total CD4 antig [ o]
nunber of CD4+ cells. FIG 3. The cofferation between tof AHISCEBHEEINHA$BREN |

measured from whol e bl ood of H V-infected individuals and ong_nor REPLACED .
.control and total CD4[err] cells/mferr] of blood. H V-infected individuals

FG o The ogmilie, b WAL SRR Gultiing, Se W Foalead ca (1 om whal o bi ood
of HtV-i nf ect dddindidadsalandmprmalsd Both Gonparisons|yGivded |
cel I s/mB of klraadstio&lly aftdadh 4 iklind dus®e B{€ions between total
CD4 antigen values and total CD4* T cells/mm’ (r=0.86
5 and 0.87). Since the measurement of total CD4
antigen accurately reflects the number of CD4
positive cells, the total CD4 method can be used to
enumerate CD4 positive cells and to determine the
numbers of CD4 positive cells in disease diagnosis or
10 monitoring of treatment, etc.

7. EXAMPLE: ENUMERATION OF CD4 POSITIVE
LYMPHOCYTES IN PERIPHERAL BLOOD BY
THE TOTAL CD4 METHOD

This Example outlines further development and
characterization of the total CD4 method for
enumeration of CD4 positive cells. The method
consists of 3 steps: treatment of samples with
concentrated detergent, dilution of the concentrated

20 detergent lysate and CD4 immunoassay.

15

7.1. MATERIALS AND METHODS

S8amples:. Ninety-five samples of whole blood were
collected in EDTA containing vacutainer tubes and
mixed thoroughly. Samples were analyzed for white
blood cell count and differential and CD4~*
lymphocytes by flow cytometry. |

Sample Treatment: Samples were treated as
described in section 6, except for the following:

30 Step 1:

1 volume of concentrated detergent solution was
added to 5 volumes of fresh EDTA whole blood,
followed by gentlé mixing. Usually 100 ul of whole
blood was treated with 20 ul of detergent solution.

35 A comparison of detergents of various concentrations

indicated that the best results were obtained using a

combination of detergents such as TWEEN-20 with

25
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FIG 5. Total CD4 antigen nethod standard curve. FIG 6 ] _
the ability to enunerate CD4 positive celdS by the total CDy THIS SQEET HRS BedN |
and by flow cytonetry in 95 normal and di sease sanpl es. FI G REPLACED t

Conmparison of the ability to enunerate CD8 positive cells by the total CD8

ti th d by flo tonetry in 86 nornal and di sease sanpl es.
EPC;ggh gglloqgggE?ﬁtéal %tSFéF°éD5 -3AP; YakhnVRAS - soRBYI @fCbBeant i gen)

i'n whol e bl oodthhfe@€0detergents alone was not as effective. The
detergent treated sample (100 sl sample plus 20 ul
concentrated detergent) yielded to a final combined

5 detergent concentration of 2.5%. The optimal
detergent solution for measuring both total CD4 and
total CD 8 using the same concentrated detergent
solution was 9% Triton-X100 and 6% NP40 (15% total in
the concentrated detergent solution) which

10 corresponded to 1.5% Triton X100 and 1% NP40 (2.5%
total) in the treated sample. In other experiments,
the final concentration of the detergents in the
treated sample was similarly effective over a range
of at least 1-2% Triton X100 combined with 1-1.5%

15 NP40. _

Other metheds of lysis, solubolization or
disruption of cells including hypotonic treatment
with distilled water, sonication, or addition of
detergent at lower final concentrations (e.g. one

20 detergent at 1% concentration in the treated sample)
were tested and found not effective. .
Step 2:

After 5 minutes, 100 ul of treated sample was

diluted with 400 ul of dilution buffer to yield a 1:5
25 dilution. Fifty ul of this diluted sample (about 10

#l1 of whole blood) was used for each assay well. The

assay configuration allowed whole blood volumes of

5-25 pul to be measured, since the resulting values

fell within the range of the standard curve. Blood

volumés above or below these amounts yielded values
that fell ocutside the range of the standard curve.

The importance of step 2 is the dilution of the

detergent concentration in the treated sample to

prevent "stripping" in the following assay and loss
of signal. Samples corresponding to 50 ul of whole
blood performed poorly in the CD4 immunoassay because
the resulting values were outside the assay range,

30

35
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present invention is directed to the neasurenent of total |eukoey+e P

antigens, total T cell differentiation antigens, or related total markers o
or fragments tleadediecanse tthe drtesgent IFIRILAFEMIEIAR ¥4 t he di agnosi s and

therapy of di seAsfaplidlitidIiy antiboldie sErabeli endrmdt fad dr markers
according to th%ﬁé}ﬁuglon Is valuable in cell enuneration, cell typing
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g assay. The samples were assayed in the one-step.
sandwich immunocassay as described in section 6.
Total CD4 values were determined from a standard
curve. Standards were soluble, recombinant CD4
antigen prepared by removing the transmembrane region
10 of the CD4 gene, followed by expression of the
truncated gene in mammalian cells and recovery of
recombinant CD4 antigen in the supernatant of the
cell culture (see International Patent Publications
W088/01304 and W089/02922).
15
7.2. EXPERIMENTAL RESULTS
Experiment 5: A standard curve for the total CD4
antigen method was generated using culture :
supernatant containing recombinant CD4 receptor (see
20 figure 5). For the assay configuration used, the
standard range was determined to be 0 to 200 units/ul
with a correlation coefficient of 0.999.
Experiment 6: Specificity of the assay for the
CD4 antigen. Blood samples were drawn from 4 normal
25 vyolunteers and treated as follows: A sample from each
was analyzed for white blood cell count and
differential (the percentage of WBCs that were
lymphocytes; see the formula in Section 6.1.2). The
rest of the sample was divided; one-half was depleted

30 of cpa* cells by absorption with anti-CD4 coated
Dynabeads (Dynal, Inc. Great Neck, N.Y.) while the
other half was untreated. The depleted and untreated
samples were again divided and one fraction analyzed

- by flow cytometry while the other was treated using

the total CD4 method. CD4 positive cell number was
calculated from the white blood cell count,
lymphocyte differential, and percentage of CD4 cells
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by flow cytometry using the formula described in
Section 6.1.2. The comparison of CD4 positive cell
number to total CD4 antigen is given in Table V.

TABLE V.

Specificity of the Total CD4 Antigen
Assay for CD4 Antigen

ntreated Fractions Depleted Fractions
low otal CD4 Flow TTotal cDa4
ytometry ntigen Cytometry  |Antigen
V ells/ul nits/ul cells/ul nits/ul
1 1 320 (o] 7
2 934 445 0 11.5
3 1109 345 40 15
4 912 395 45 15

Both the flow cytometry and the total CD4 methods indicated
the removal of CD4 positive cells from all depleted
fractions indicating.that the assays were specific for the
CD4 receptor.

Experiment 7: Assay dilution and linearity.
was done to further verify assay sensitivity.
samples from normal volunteers were collected in EDTA.

This study
Whole blood
A

and a portion of each was depleted of CD4 positive cells to
serve as the sample diluent in order to keep the sample
matrix as normal as possible.
and at 1/2, 1/4 and 1/8 dilutions with concentrated
detergent; and run in the CD4 immunocassay.
the results of this experiment on 6 different samples.

Values are presented as raw data as run in the assay.

zero value represents the assay value obtained for the

depleted portion used as sample diluent.

This value is

included in the calculations of expected values.
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1:2 35 35.5 99
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1:8 14 14 100
0 7
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1:4 34 31 110
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0 11.5
593 Neat 79 79 100
1:2 38 41 91
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1:8 22 24 92
0 16
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1:4 30 27 111
1:8 26 21 124
0 1s
599 Neat 69 69 100
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1:8 22 22 100
0 15
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1:8 21 21 100
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As used herein, the term"|eukocyte marker" refers to an anti(J®RISOSHEET HA BEEN
-pol ypeptide found on the cell surface of a |eukocyte. Such rker SREPICA

but are not limted to cell surface antigens, CD (clusters of
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invention, and tri¥nge, so dilution of even 1:2 should be rarely necessary.
5 Experiment 8: Cell enumeration using the total CD4
method. This study confirmed that it was possible to
enumerate CD4 positive cells in whole blood by the total
CD4 method. Both flow cytometry and total CD4 antigen
assays were run by Maryland Medical Laboratory on normal

10 and abnormal bloocd specimens that were less than 24 hours
old. Flow cytometry was performed on a Coulter Epics Flow
Cytometer; the CD4 immunoassay was read using a Molecular
Devices VMAX ELISA reader. Samples with low CD4 positive
cell counts were selected from HIV positive specimens.

15 Cells were dually stained with anti-CD4 and anti-CD2
antibodies in order to make sure that the cells counted by
Flow were CD4 positive T cells. A total of 95 samples (46
normal and 49 abnormal) were assayed for white blood cell
number, lymphocyte differential, and percent CD2*CD4"* cells

20 py flow cytometry and for the amount of CD4 by the total
CD4 antigen method. The number of CD4* T lymphocytes was
calculated-from the cell count, differential and flow data
and compared to the data obtained from the total CD4 method
by linear regression. The distribution of the two types of

25 samples was:
46 Normals
CD4+ T cell Number 500-1600 cells/ul
total CD4 antigen 222~ 600 units/ml
30
49 Abnormals
CD4+ T cell Number 1- 690 cells/ul
total CD4 antigen 48~ 295 units/ml

The results of the linear regression analysis are shown
in Figure 6, where units/ml from the total CD4 antigen
method are compared to cells/ul from the flow analysis.

This Sheet Has Been Replaced

WA




19 1 3 MAR 1997 particular cells
expr éss tﬁgg bﬁg?ﬂers are summarized in Table | in Sectio

speci fic enbodiments, the |eukocyte narkegocan be CD4, CD8 1 HAS BEEN
aniti gen recept or (TCAR) . As used herein, the tern1"|eu.nrva“W~A¢EPs o
t he usual neaning of that terns, i.e., innune associ ated cell's derived from

hemat opoi etic stemcells, such as |ynphocytes (B cells and T cells) and
nyeloid i neagqneeblmp@nettt khRNilline NMRGREG)hagRs ¥-dotieterpt 5(89 7) define
p’ggglﬁgr%/gcgt §§| P«?c tlgrﬁgc eg’rem% tonc%ursi)e equa’%%.o\‘xse{d -hed Hék £ sgsa,npl e
where the total CD4 antigen units/ml is calculated to be
0.26 times the total number of cells/ul plus 89.7. The
5§ correlation coefficient for the comparison is 0.946, which
indicates that enumeration of CD4 positive cells via the
total CD4 antigen method is as reliable as the same

enumeration by flow cytometry.

10 7.3. DISCUSSION
The quantitation of CD4 receptor protein in treated
samples of whole blood has been shown to be equivalent to
flow cytometry for the enumeration of CD4 positive
T lymphocytes (r=0.946). For the configuration of the
15 assay used, sensitivity is 100 units/ml or S0 cells/ul,
which allows the total CD4 antigen method to be used over a
wide range (50-1600 cells/ul) of samples. In the 95
samples tested, the possible presence of CD4 positive
monocytes did not interfere with the assay results. Since
20 only 10 pl of whole blood is needed per test, the total CD4
method will be useful for detecting CD4* T cells in samples
that are difficult to obtain. The total CD4 method can be
run in laboratories without access to flow cytometry. The
method is simple and can be competed in less than 4 hours.
25 Samples can be treated quickly and assayed immediately or
treated and stored frozen for batch testing. Such batch
testing of longitudinal patient samples following a course
of treatment is not subject to the errors obtained with
flow cytometry measurements where samples are run
separately on different days. The detergent treatment step
of the total CD4 method also provides the added benefit of
inactivating enveloped viruses which increases operator
safety.

30
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of ceIIs [ leux in mhlch they were obtained, i.e., a bi ca
fluid; EMS Pr@r?g}dofne and/ or intracytoplasm c conponents of ths‘??g‘%%’““s
Tot al !eukocyte anti gens may be neasured_lglsanples derived. froma

bi ol ogical fluid, e.g., whole blood, plasma, serum blood cells, saliva,

urine, synovial fluid, pleural effusions, tumor and tissue infiltrates,
ammiotic fluid, spinal fluid or cranial fluid. In another enbodinent, the

bi ol ogi cal f1uid may be ¢l | gxAMpie: f | BNOMERA®IORNDIFE COBN POSTRIVEE tlssue
including interstitial fluid. whepat.hepsaMEITHODS a tissue

sanple, the tissue is treated to % sru gﬁéﬁgnggngpﬁgpbgﬁgue matri x,
e.g., by trypsin digestion or hoﬁbbénlaégb B odi nent , the
sanple conpri ses celSagpi®sizve®atimnt manples olngluded cés. sero-positive 1.
DETECTION/“{;Nﬁﬁ$u¥ﬁg§¥Eéaz1nd1v1duals and 46 healthy adult volunteers

with CD8* cell counts ranging from 28 to 2983 cells/ul.
Sample Treatment: Whole blood samples were prepared as
described in Section 7, supra. Two hundred ul of
concentrated detergent solution (9% Triton-X100 and 6% NP-
40) were added to 1 ml of whole blood. Following gentle
mixing, the sample was diluted 1:5 (50 pl treated sample
plus 200 pl diluent) with diluent before assay. Treated
samples were stored at -70°C prior to assay.
Assay. Total CD8 was measured in detergent treated
15 whole blood in a CELLFREE® CD8 immunoassay (T cell
Sciences, Inc.) using a one-step, three hour format.
Briefly, each well of a 96 well microtiter plate was coated
with 100 pl of the murine anti-CD8 coating antibody in
phosphate-buffered saline overnight at 4'C. The coating
20 buffer was removed and 300 gl of. blocking buffer (0.5%
casein, 0.008% NP-40, 0.005% EDTA in PBS) were added per
well and incubated for 2 hours at 37 C. After washing the
wells three times with 400 pl of wash buffer (PBS, pH 7.4,
with 0.05% Tween 20), 50 ul of horseradish peroxidase (HRP)
25 conjugated murine monoclonal anti-human CD8 antibody (10%
FCS, 0.025% thimerosal, 0.01% gentamicin, 0.05% tween in
Tris Buffered Saline, TBS) were added to all wells except
those used as blanks. Fifty ul of CD8 standard or treated
whole blood was added to 200 ul of diluent (1% bovine serum
30 albumin, phosphate buffered saline, 0.25% NP-40 and 0.01%
thimercsal) and SO ul of this were added to the appropriate
microtiter wells. The plate was covered with plate sealer
and incubated for three hours at 20°C with shaking at 150
rpms. After washing the plate as described above, 100 il
35 of OPD substrate were added to all the wells, and the plate
was incubated at 20°C for 30 minutes. Fifty ul of 2 N H,;SO,
were added to all wells to stop the reaction and absorbance

10
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TOTAL LEQ&S@%; RKER The total anmount of a | eukocyte n?ﬁﬁ?@%fﬁhﬁﬁi I n

t hree conpartirent's: the nenbrane, intracytoplasmc and rel ea

compartnents ("total |eukocyte marker"). sgkhe-invention incluges :
i munoassays that simultaneously measure the total amount of '”ﬂ%éﬁé%&ﬁéSBEEN

marker present in all three conpartnents or REPLACED
REPLACEMENT SHEET 20 I n the nmenbrane and/or’
i ntracyt opl asnvasceoepdr afteR®0, nm. A standard curve (correlation >0.999;

range 0-2300 units/ul; assay background <100 units) was

constructed by plotting 0.D. against the concentration of

the standards. The concentration of total CD8 in the whole
5 blood samples was then determined from the standard curve.

Correlation coefficients were calculated using linear

regression analysis.

Whole blood samples from normal and HIV-infected
patients were assayed for absolute CD8" T-cells/mm’ using

10 the formula:
Abs. CD8* T-cells/mm’ = WBC x % lymphocyte x % CD8" T cells.

WBC (white blood cell count) was determined using a

15 hemacytometer. % Lymphocyte was determined by a
differential count, and $CD8* T-cells were determined using
the Ortho cytoflurograph II and Leu-2a (anti-CD8)
fluorescein conjugated antibody (Becton Dickinson, Mountain
View, CA.)

20

8.2. EXP MENTAL RESULTS
Experiment 1. The specificity and linearity of the
assay for CD8 were determined using similar depletion and
dilution studies as described in Section 7. Total CD8
'25 antigen values were cbtained from whole blood of 43 normal

and 43 HIV-infected, sero-positive individuals and compared
to the total number of CD8* T-cells/mm’ of whole blood.
Table VII summarizes the population statistics for the
normal and abnormal samples by flow cytometry and the total

30 CD8 method. The normal samples have a linear correlation
of r=0.772 and the HIV*samples have a linear correlation of
r=0.718.

as —
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dependi ngwsp9tvogesy t he sanple i s prepared. To determ ne tﬁ@r
anount of a | eukocyte marker, an "original" sanple, such as }chg 038850

bl ood cells, is first treated to sol ubilizgythe cellul ar c HLD
1). The preferred nethod of solubilizing the cells in the §1 ﬁgéﬁﬁﬁN
‘interfering with i munospecific binding is to treat the ce Jc Ty
concentrated non-ionic detergent or detergents to |lyse the cells
efficiently, thus form ng a "detergermABuUBRMIId" sanple. After the cells

have been |ysed the doERhdeNtRaANGRALRMR SHMNIRMAL PAT4iEdr rgwr.éso assay.
Non-i oni ¢ detergents f.or use I n present |nvent|on i ncl ude g are not

linited to Trit ﬁRaEGG"tﬁoMe&'@c“Pltﬁ)(Nli94®a 't 0 nention
afew In a prehgesetangedifron 230E9 yeurs sazdedjlriamﬁ vEztdm Txd+&m yéahz0,

Noni det P-40, Tﬁn—%@%dﬁgﬁgﬂ?—m—a— < Wt, cells
are sol ubi | i Zed| WPRIEBncpRPFAL ed| §EYBPRen gi VEC38fi naP 8ét er gbnt
cD8
units/ml
average 6.48 31 23 483 949
2 STD 3.04 10 14 181 343
10 High 10.2 41 42.3 898 2300+
Low 4.0 22 8.2 173 423

'~ AVERAGE RANGE FOR 49 HIV® PATIENT SAMPLES

45 patients were male 4 patients were female
15 ages ranged from 24-65 ages ranged from 21-43
years years
Samples | WBC* $Lymph | $CD8* #CD8* |Total
cD8
units/ml
20 | average 4.66 36 55 871 1368
2 STD | 5.76 |26 28 1050 [1244
High 19.9 61 79.5 2983 2300+
Low 1.0 0.2 12.7 28 364

25

Figure 7 demonstrates a statistically significant
correlation between total CD8 antigen measured in the
assay and the total number of CD8* cells (r=0.75). 1In
this study of 86 individuals, it was found that when
total CD4 values were normal, so were total CD8 values.
As CD4 values declined in HIV* patients, the total CD8
values varied widely. Samples with low CD4 (<180
units/ml) and low CD8 values generally had low white
35 blood cell counts as well. The HIV* patients had some
of the highest CD8 counts, perhaps to replace their

diminished CD4* T cells. - I
This Sheet Has Been Replaced

30

SUBSTITUTE SHEET



concentr at i wo 9azossgput 2% to about 4% in the detergent-treated samp
According to the invention, the total volune of non-ionic dete?Eﬂ?

e
o} insess

to the sanple should not dilute out any |euykggyte marker in t e sampt-e- :
Preferably, the volune of detergent does not exceed about 25030Pﬁ? ELHA$ BEEN
vol une; nore preferably, it does not exceed about 20% The noh—-osai PLACED

detergent or detergents can be added to the original sanple neat, or they
can be prepared in a ceExperimény 0/ATtiugH Naddddidbd HddE HI@Nticdni C

detergent or dete
distilled water o

SHlieradd TP HAR S AT S (e Mhe' i Bl BT

detergents in thefolxmASHMANY r@=d.afily, P tquantitatiqromaspmeteashl v

6 tines the final
5

10

15

20

25

35

acduritd ald Ahdferfuiferation of CD4 positive cells by the
total CD4 method (r=0.946). Since activation of CD8
positive cells results in the release of large amounts
of soluble CD8 antigen, it is likely that the levels of
sCD8 were affecting the correlation of total CD8 antigen
levels with CD8 positive cell counts. To test this
hypothesis, total CD8 antigen and soluble CD8 antigen
were measured in 30 normal and 11 cancer (mainly
melanoma and lymphoma) whole blood samples. Total CD8
antigen measurements were made as described above with
the detergent treatment, dilution and immunoassay, and
soluble CD8 levels were determined directly by
immunoassay of plasma preparations. The same CD8
immunoassay was used for both the total CD8 antigen and
soluble CD8 antigen. Since one volume of plasma (sample
size) has twice the amount of plasma as an equivalent
sized sample of whole blood, the soluble CD8 amounts in
plasma were divided by two. The amount of cell
associated CD8 (membrane bound plus cytoplasmic) was
determined by subtracting the soluble levels of CD8
(divided by two) from the amount of total CD8 antigen.
The results of this analysis are shown in Figure 8.
Linear regression analysis of this data gave an improved
correlation coefficient of 0.859 as compared to 0.75 for
total CD8 antigen alone. Cell enumeration could be more
accurately quantitated from the equation:
Y (cells/mm3) = 1.1X(units/ml total CD8 antigen) + 7.4.
8.3. D us

As described herein, we have developed a total CD8
method that measures the level of total CD8 antigen in a
patient sample. Whole blood samples were detergent
treated, diluted, and assayed using a CD8 immunoassay in
a one-stép, three hour format. Total CD8 antigen values
obtained in the total CD8 method correlated with total
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21 non-ionic detergent or detergents after addition to the sanple, i.e.,
‘in tHe det%ﬁ%ﬁ%msﬂﬂeated sanpl e. In an even nore preferre®CAESL/08035,

nmore than one non-ionic detergent is ugegstg | yse the pells,3 S - EN-'
hirgh concentration of Tween-20 and TritofiX-100, or Triton X11 a ! Cﬁg’

or NP-40 and Tween-20 can be used. The concentration of each rereTh
ranges from about 1%to about 2% after addition to the sanple; the total

concent rat i on @b €os E4GEN nidbd Do A8 S5 HFNLr LS €% SER! © fanges from

significant improvement in the ability to enumerate CD8*
cells in whole blood was found when the level of soluble
CD8 antigen (released from activated cells) was

§ subtracted from the level of total CD8 antigen
(r=0.859). Monitoring the relationship of soluble and
total antigen provided improved information on cell
count and immune activation. Thus, the total CD8 assay
alone, or in combination with other soluble or total

10 marker assays, can be used to monitor the immune profile

of patients.

9. EXAMPLE: ENUMERATION OF TCAR POSITIVE
' CELLS BY TOTAL TCR METHODS

15 ~ Total TCAR £ Experiments. An assay to detect total

T cell antigen receptor (TCAR) B chain or total V85
specific TCAR chain was performed using detergent
treated whole blood samples in a total TCR metheod.
Briefly, wells in a 96 well plate were coated with 5

20 ug/ml of coating antibodies which consisted of either a
negative control antibody (&8TCS1 which is specific for
the V81 region of the y§ T cell receptor), or W76 which

recognizes the constant region of the # chain (CB8) or a
VAS specific monoclonal antibody such as W112 (Tian et

al., 1989, FASEB J. 3:A486 Abstr). A horseradish
peroxidase conjugated (HRP)-fF1 antibedy, which
recognizes a different epitope of the § chain constant

region (CB) than W76, was used as the detection

30 antibody. Whole blood lysates were prepared as
described in Section 7, su . The assay format was
similar to that described in U.S. patent no. 4,845,026,
issued July 4, 1989 and entitled "Assay Systems for
Detecting Cell-Free T Cell Antigen Receptor Related

35 Moleucles and Clinical Utilities of the Assays." 1In
addition, a one-step, three hour format as described in
Section 7, supra, was performed with similar results.

25
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abouf 2% (o 39REés

ranges from about
about 2.5% In a s

4% More preferably the total detergent concentration
2% to about 3% and even nore preferably frifd/AR34£0808% ¢ o

peci fic enbodi ment, thegfinal detergent corCemsrsMEEDHASTBEEN

tHe sanple is 1.5% Triton X-100 and 1% NP-40. This is concentjrati OREPLACED

preferred if both CD4 and CD8 are to be assayed. I n anot her enbodr nent,

the detergent concentration is a concentration that inactivates virus,
especi al |y H V.rvéntyp-0iwéril cof avhsIy @ieee Dysite vayealigielhdh yhe

lytic concentratjoh.of non- ionic defergent, such as.ihe preferred ranges
set forth above‘fi i‘gf at 3P ev‘hg‘égri“ha ahl \g/%ﬁ?@'%’olﬁ%e%f#‘éﬁgﬂ. of 1t her
met hods of sol UbiDi Z¥aines| frxomethe negakinedcointrok-wahlscyeres,

soni cation, hypaiyac®dd t Heomdsdit ivim s |&H€£iﬁ&&'¢ﬁi’é?§%i985ceﬁtrol'
detergents, are not as effective. lonic detergents such as SDS are not
effective, sPndteBEs YHing rAhES! 3¢ Fheecoating antibody averaged 0.10

and blank wells which had no antibody averaged 0.095).
The results of the total TCAR assay can be seen in

figure 9. TCAR 8 chain was optimally detected at

dilutions of 1:4 and 1:8. VA5 specific TCAR was
10 detected at low levels (1:16 dilution) as well. Lower
levels of VA5 were expected, since the VAS positive
subset of cells represents only a small portion of all g
TCAR positive T cells. The assay demonstrated good
specificity as the background 0.D. was no higher when
the control antibody §TCS1 was used as the coating
antibody as compared to 0.D.s obtained from blank wells
which contain no coating antibody (0.100 and 0.095
respectively).

These data demonstrate that a total TCAR method
can be used to detect the total amount of TCR B chain in
a whole blood sample by using two monoclonal antibodies
which recognize different regions of the constant region
of the f chain. The total amount of £ chain is an
75 indication of the total amount of f positive T cells in

the sample. Furthermore, specific subsets such as the
V8S family, which represent only 1-5% of the total TCAR
B chains in normal blood, can be detected.

15

20

Total TCAR V41 Experiments. The treatment of
30 samples was similar to that of section 7 with a
concentrated detergent solution of 9% Triton X-100 and
6% NP40 in 1x PBS that was added to whole bloed at a
ratio of 200 ul concentrated detergent solution to 1 ml
whole blood. Samples were then diluted 1:2 prior to
immunoassay. The immunoassay procedure was similar to
the CD4 or CD8 immunoassay except with antibody TCR41 as

capture antibody and 4TCS1 as detection antibody. The

* This Sheet Has Been Replaced




subsequent tibady-anti gen bindi ng. After solubilization for at |east
about ‘one r‘f?ﬁl.?lzéo,”%\' eferably for about one to about five m nutBST/{S94/0808s

sanple is diluted with buffer (step 2) pﬁigg to anal ysis in anTHSSHERTSISAY BEEN :
The dilution can be 2-fold; preferably it Ts 5-fold or greatey. Th®EBLACED

is chosen to be conpatable with the inmmunoassay for detecting € | eukocyte
anti gen. 22 '

TCAR J positive cell line PEER was used as a positive
control. A standard curve was generated with the units
arbitraily assigned based upon a PEER cell sample
preparation stored at -70°C and assigned a value of
S 20,000 units. The specificity of the assay for TCAR §
chain was determined using an antibody-affigel stripping
procedure. Affigel 10 was coupled to either BSA,
anti-CD8 antibody 4C9 (an isotype control antibody),
§TCS1, TCRS1, Vé2 or V42 at 1 mg/ml concentration. A
10 50/50 slurry was made of each sample. Three hundred ul
of a detergent treated PEER cell sample was added to S50
1l of each antibody-affigel slurry. The sample/gels
were incubated for 1 hour at 4°C. The samples were then
centrifuged for S minutes at 10K. The supernatant fluid
15 yas removed and added to 50 ul more of the
antibody-affigel slurries. The samples/gels were
incubated for another hour at 4'C. This process was
repeated for a total of three sample/affigel
incubations. After the last centrifuge spin, the
supernatants were removed and run in the assay as
samples. The supernatants were not diluted 1:2 prior to
assay, because the PEER sample was diluted 1:25 in
sample diluent buffer before the antibody-affigel
stripping. Samples that were not stripped with
antibody-affigel were kept at 4°C while the other
samples were being stripped. The only two antibodies to
completely strip the TCR § reactivity from the samples
were the TCAR § chain specific antibodies 6TCR1 and

20

25

TCS§1, indicating that the assay was specific for TCR §
chain. When 8 samples were run in the total TCAR ¢

chain method, total TCAR é ranged from 55 to 108 units
(Figure 10). These all fell at the lower end of the

30

standard curve. i
35 The success of these total TCAR methods for

measuring total B or total § TCR antigen amounts can be
extended to total Va, total ¥4&, total af or to total Vv,
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.Buffers phgfepssd,for various immunoassays are well known in the art. In
specific enbodl ment, sanple buffer is 1% bovine serum al bum rfcréu§3b/(9$93540

and 0.01%t hi merosal in phosphate buffergg galine (PBS). Fﬁéﬂ@ ﬁ§epha§BEbN
[ In o négg:

nethod is not limted by the anount -of sanple avai.l abl e.

about 100 [err]l of a detergent-treated sanple of whol e bl ood™rrey=be
assayed for total |eukocyte antigen. In a nore preferred enbodi nent, about

2.5 to about ZEthféﬂdtéﬂ sn&kﬁﬁﬂékﬁﬁytﬁﬁ@é@@uﬁéaphe oélmDObetbéeﬂénnHy be

used. Simlar 0, t ur p . eur al , ef fusion,
or ot her blologlca| ?tfwdfl can !%?ugédﬁﬂ# yb gn%n n?"gf 9E8Rpi2 assayed
can be var|edqﬁﬁﬁﬂﬁlkﬂlqﬁﬁkrﬁynnnqnanﬁni@c@@rretnt@nq1anecoﬁlngspeC|f|c
paraneters carreificit EnprtdSdinsh o USddad e Seathi 6P £8LhERAESAYLcARS.

5
10. DEPOSIT OF HYBRIDOMAS
The following hybridoma cell lineé, producing the
indicated monoclonal antibody, have been deposited with
the American Type Culture Collection, Rockville,
10 Maryland, and have been assigned the listed accession

numbers:
Accession
Hybridoma Monoclonal Antibody -
Number
15 Cell line 4C9 4C9 (anti-CDS8) HB 9340
Cell line S5F4/7B12 SF4/7Bl12 (anti-CDS8) HB 9342
Cell line 8F4 8F4 (anti-CD4) : HB 9843
Cell line R2B7 R2B7 (anti-CD4) HB 9842
Cell line 8A3.31 8A3.31 (BF1l) HB 9283
20 Cell line 6TCS1 STCAR3=6TCS1 HB 9578
Cell line Wi112 W112 (VBS) HB 9927
Cell line W4F.SB W4F.5B (anti-cf) HB 9282
Cell line 5A6.E9 TCRS1 HB 9772
25
The present invention is not to be limited in scope
by the cell lines deposited since the deposited
embodiments are intended as single illustrations of one
aspect of the invention and any cell lines which are
30 functionally equivalent are within the scope of this

invention. Indeed, various modifications of the
invention in addition to those shown and described
herein will become apparent to those skilled in the art
from the foregoing description and accompanying

35 drawings. Such modifications are intended to fall
within the scope of the appended claims.
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s well wh{)}ggﬁ%‘?e | evel of ordinary skill in the art. Furthernore, a
sol ubilize 888ty be stored frozen so that sanples taken FTdiE0 080K
times may be assayed in a single experinent. In one enbodi nent, the sanple
is stored at about -20 C. In a preferred‘e-l"r%oﬁi ment, the sanple is stored

at about -70[err]C Any met hod of detecting and neasuringj heykea¥itHAs BEEN
antigens may be used in the practice of this invention. Such t hod&prLAcED

include but are not i, etitive an on- conpetiti ve assay
systems using tgchni qhgg%g%c%%a%%&ecﬁ r?fﬁfn&d%?%é‘,erlﬁ_‘l"ém & zyne |inked
i mmunosor bent a948§}OSuEgSdRitc whichmareadawpeponanedo ey metdrencassays,

fluorescent inmhepeasnaysn, taed rPlieditdiratdeignunoassays, to name but a few.
U S. Patents Nos. 4,845,026, issued July 4, 1989, entitled "Assay Systens

for Detecting Cell-Free T Cell Antigen Receptor Rel ated Ml ecul es and
3 .

10

15
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25
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dinical Lﬁ%i of the Assays” and No. 5, 006, 459, issued ril 9, 1991,
entitled " }éﬁg}tll ¢ and 2§ppcr/usagmgas c
Met hods Using Soluble T Cell surface Ml ecul es" teach preferred net hods of

| Munoassay. Their teachings are incorporated herein by refl @GRGEEET HA
preferred enbodinent, a sandw ch enzyme. ggrunoassay can b used.Rgﬁpﬁcgg bEEe
description of such an enbodi nent follows: An antibody (ca '

International Applicstion No: PCT/ i
MICROORGANISMS
Qotians! Sheet In conneciion with 1he Micree/ganiom 1a1erf8d (0 OA PGS e oo e . MO e e s = . of IN0 Goacrigtlen !

A. IDINTIFICATION OF DEPOMIT®

Puriner goasite urs ldontifted o on od I shoot mi

Neme ol depeaitery Inptitulion ¢

American Type Culture Collection

Address ol dogesitary inelitutisn (inciuding postel Cuds sng tountry) *
12301 Parklawn Drive
Rockville, MD 20852

Oste of gopooit * Actecsion Number *

March 3, 1987 HB 9340

8. ADOITIONAL INDICATIONS ! (loave dleal it net sppitcaniel. This Infermation 18 continuad on & 99981810 SUSLASE shos! D

€. DISIGMATED STATES FOR WHICH INDICATIONS ANE MAODK ! (If the indicstions sre et loc sl designates States}

0. SIPARATE FURMIBNING OF INDICATIONS ¢ (leave blant it net applicsbie)

The Indicstions Nated Delow will be oub ¢ to the | + Sucoau latar ¢ (Specily ihe gendrsl asture of the indications o 9.,
« Accsssion Numbes of Depesit™)

€. ﬁ'fm eheet was recsived with (he internsliansl epplication when Aled (16 be thected by the receiving Office)
ﬁoﬂnd Offigss) .
C] The dnie of recsipt (Isem tne appiicant) By 1ne intetnallens) Buioay 1°

{Auvthesiced OfMcer)

Carm PCTIRONIS (Jonvery 1080)
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Abl) directed against the | eukocyte marker is adsorbed onto
subst r atwon92Tos9sh eukocyt e nmarker present in the sanple bi ndsﬁgfﬂﬁ?q/osoas
anti body, and unreacted sanple conponents are renoved by washing

enzyne- conj ugat ed anti body (detectio®lantibody, Ab2) dlrectemﬁﬁﬁﬁﬁﬁﬁHﬁﬁBEB“
second epitope of the |eukocyte marker binds to the antigen capt BEBHAGED

mAbl and conpl etes the sandw ch. After renoval of unbound Ab2 by washing, a
substrate solution is added to the wells. A colored product is formed in
proportion to the anount of antigens present in the sanple. The reaction is
term nated by addition of stop solution and absorbance is neasured with a
spect r ophot ongf.gt 4 ﬁ % arg,curve can be prepared from known
concentrations of f eu ocyte mar ker, from whi ch unknown sanpl e val ues

can be deterntq@dect/ro/h s X Bhe{Hr r ed enbodi ment for the measurement of
total CD8 antigen levels, anti-CD8 mAbs 4C9 and 5F4 can be used as the
capture and detection antibodies,

American Type Culture Collection

12301 Parklawn Drive

Rockville, MD 20852

Date of Deposit: March 3, 1987 Accession No. HB 9342
bate of Deposit: September 28, 1988  Accession No. HB 9843
Date of Deposit: September 28, 1988 Accession No. HB 9842
Date of Deposit: November 21, 1986 Accession No. HB 9283
Date of Deposit: Accession No. HB 9578
Date of Deposit: December 15, 1988 Accession No. HB 9927

Date of Deposit: November 21, 1986 Accession No. HB 9282

Date of Deposit: July 27, 1988 Accession No. HB 9772
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respective
enbodlnentk&)

MA) can be used (described in U S. Pateng25~006, 459; see Sect

Im a preferred enbodiment for the neasurement -of.total--CD4 arlt THErSHEEY &
EPLACED

.anti - Cb4 mAbs

8F4 and R2B7 can be used d detlect i of
reagents, respectively, in a sandw ch “mmllmﬂ ; In a nore
dhxenis ol&EneBFESerr] I'I'= Sci ences, |nc.
Pat ent Publication

preferred enb

Canbri dge, MA) can be used (described in International
see

WD 90/ 04180;

10

15

20

25

iégtﬁsandwi ch enzyme i munoassay; in a nmore pref ggﬁgsm,ososs

REE[ errr] CD8 assay (T Cell Sciences, Inc.

BEEN

assay

1. A method of determining the total amount
of a leukocyte marker in an original sample suspected
of having the leukocyte marker, which original sample
contains cells and a biological fluid in which cells
are obtained, comprising:

(a) adding a non-ionic detergent to the
original sample to form a detergent-treated
sample;

(b) allowing the detergent to lyse the
cells therein;

(c) diluting the detergent;treated
sample by at least 2-fold; and

(d) determining the amount of leukocyte
marker in the detergent-treated sample by
immunoclogical detection means and calculating
the total amount of leukocyte marker in the
original sample therefrom.

2. The method according to claim 1 in which
the non-ionic detergent concentration in the

detergent-treated sample is about 2% to about 4%.

3. The method according to claim 1 in which

' the non-ionic detergent comprises more than one non-

30

ionic detergent.

4. The method according to claim 1 or
claim 3 in which the non-ionic detergent is selected
from the group consisting of Triton X-100, Nonidet
P-40, Tween-20 and CHAPS.

5. The method according to claim 1 in which
the non-ionic detergent comprises Triton X-100 at a
concentration of about 1% to about 2% and Nonidet
P-40 at a concentration of about 1% to about 2%,

This Sheet Has Been Replaced
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24 ‘Sect i

nmeasurenent_of total Verr]l antigen levels, anti-TCR[err]

7, infra). 1In a preferred enbodi ment for %&¥
st bs POEAESHY gopes

9
e

antigen le ¢ an

sin a sandw ch-egayae i nmunoassay (sge:ﬁg LT
‘aﬂi"zmgmudl ment for the nmeasurenment of totaj ‘["‘erﬁj‘;éf
Iw-] &rr

CR mAbs [err]F1 and W can be used'-+Ha—

S BEEN
D

enzyne i nmmunoassay (see Section 10, infra). The foregoing anti bodi es have

been deposit ed which tbenddiiXyatsoneset i Dedton SeabboandONonilder p-40

various procedie ¢ienn depdiee Nd SBXCOREHSEIohE ihhendl adibianof

anti bodi es to | eukocyte r . C odres I nclude but are
to pol yclonal, 9ﬁﬁﬂﬁ%@wﬁﬂ@9%ﬁineric, single chain, Fab
5 6. The method according to claim 1 in which
the concentration of non-ionic detergent in the

detergent-treated sample is a virus-inactivating
concentration of non-ionic detergent.

10 7. The method according to claim 1 in which
the non-ionic detergent is allowed to lyse the cells
for at least about 1 minute.

8. The method according to claim 1 in which
15 the detergent-treated sample is stored at about -20°
or less after step (b).

9. The method according to claim 8 in which
the detergent-treated sample is stored at about -70°
20 or 1less.

10. The methed according to claim 1 in which
the original sample is selected the group consisting
of whole blood, plasma, serum, blood cells, saliva,

25 urine, synovial fluid, pleural effusions, tumor and
tissue infiltrates, amniotic fluid, spinal fluid,
cranial fluid, tissue, and tissue culture fluid.

11. The method according to claim 10 in

30 which the sample is whole blood.
12. The method according to claim 1 in which
the immunological detection means is selected from
a5 the group consisting of radioimmunoassay, enzyme-

linked immunoassay, "sandwich" immunoassay,
immunoradiometric assay, fluorescence immuncassay and
protein A immunoassay.
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fragnents 30g o3fhgegp expression library. For the produbtion of pﬁ'?hi,'é‘ﬂ‘?&é?ﬁs

vari ous—ho ,_rncluding but not limted to rabbits, mcé€, rats,

etc., ' ﬂﬂcnrlw i njection w th ¢4 leukocyte marker. In one
errbodi ga?“ Hmnu ker may be conjugated to an i munogénig skt iHNS. BEEN
.I'n anot her enbddi fenf, feukocyte marker epitope, e.g., a hapten, RBPLACED

conjugated to a carrier. As used herein, an "epitope" is a fragment—of an
anti gen capable of sigbcific Theumethed vacgording, tancladboyldi imli ng. Vari ous

adj uvants may R lﬂé;_mm&@f@gi&imw@épamaéaﬁ@swnﬁa dependi ng on

the host species, including but not limted to Freund's (conplete and
i nconpl ete), nmiFANGYIRN'S SYRENORSSAY i num hydr oxi de, surface active
substances such as |ysolecithin, pluronic polyols, polyanions, peptides,

oi | emul sions, keyhale |inp [ Wy e and; po lally
usef ul hunmarP adj uva(r]ﬁ“g‘ suchegggé%{%a;cél]??%&'}%g?%e@ jé?i g)zgn@?{‘éﬁ
the leukocyte marker is selected from the group
consisting of CD4, CD8 and T cell antigen receptor.

1s. " The methed according to claim 1 in which
10 the leukocyte marker is CD4 and in which the
immunological detection means is a sandwich
immuncassay employing a first antibody 8F4, deposited
with the ATCC and assigned accession no. HB 9843, and
a second antibody R2B7, deposited with the ATCC and
15 assigned accession no. HB 9842.

16.  The method according to claim 1 in which
the leukocyte marker is CD8 and in which the
immunological detection means is a sandwich

20 immunoassay employing a first antibody 4C9, deposited
with the ATCC and assigned accession no. HB 9340, and
a second antibody S5F4/7B12, deposited with the ATCC
and assigned accession no. HB 9342.

25 17. The method according to claim 1 in which
the leukocyte marker is a § T cell antigen receptor,
and in which the immunological detection means is a
sandwich immunocassay employing a first antibody
selected from the group consisting of VBs-specific

30 antibody W112, deposited with the ATCC and assigned

accession no. HB 9927, and Cf-specific antibody

W4F.5B, deposited with the ATCC and assigned

accession no. HB 9282, and a second antibody 8A3.31

(BF1), deposited with the ATCC and assigned accession

no. HB 9283.
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Cbrynebacterlun1 arvum Monocl onal antlbodles to Ieukocyte narker
be pfepar\é' $3/08981ng any t(—"(‘hnLque whi ch provides for

may

PCT/US91/0808s

25 t he pro dy nnleculgs by continuous cell lines in
cul ture. Thes m {1 ﬁm not limfa&d™to the hybri doma t eGRN§HE® HAS BEEN

originally de
the nore recent human B-cell hybridoma

10

15

20

25

30

and MlIstein, (1975 Nature 256: 4RBpHATHD

18. The method according to claim 1 in which
the leukocyte marker is a § T cell antigen receptor,
and in which the immunological detection means is a
sandwich immunocassay employing a first antibody
TCRS§1, deposited with the ATCC and assigned accession
no. HB 9772, and a second antibody 6TCS1, deposited
with the ATCC and assigned accession no. HB 9578.

19. A method for determining the total
amount of a leukocyte marker in an original sample
suspected of having the leukocyte marker, which
original sample contains cells, comprising:

(a) adding a non-ionic detergent to the
sample to form a detergent-treated sample;

(b) allowing the detergent to lyse the
cells therein;

(c) diluting the detergent-treated
sample by at least 2-fold; and

(d) determining the amount of leukocyte
marker in the detergent-treated sample by
immunological detection means and calculating
the total amount of leukocyte marker in the
original sample therefrom.

20. A method for enumerating the approximate
number of leukocytes that are positive for a
leukocyte marker in an original sample comprising:

(a) determining the amount of total
leukocyte marker in the original sample
according to the method of claim 1, 3, 5, 13 ér
19; and '

(b) calculating the approximate number
of cells positive for the leukocyte marker in
the original sample from the total amount of
leukocyte marker determined in step (a).

S
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t echni que gKosbor et aI , 1983, Innunology Today 4: 72) and the
' EBV-hyhr] h+qﬁe—f€ble et al., 1985, Monoclonal Anti boBfZSUSNS0808S

Cancer Th Inc., pR. 6%7 96). In an additional
o-f the i E!mmﬂ m Il L anti bodi es specific for |eukDeyiesSHERTKBAS
pr oduc lcn germ $e€ anlnals utilizing recent technol bgy REPLACED

(PCT/U590/02545) According to the |nvent|on human anti bodres nmay be used

and can be obtai negihy usi Aghdyferh Gd ecfiinl 20 £ roc.
Nat'|l. Acad. Sci., .U.S. A 80:2026- 2030) orln/éransforﬁ1ng hungﬁh% cells

. with EBV viruSOPRPE#SHRY (Cole et al., 1985, in Monoclonal Antibodies and
Cancer Therapy, Alan R Ligd) merparat)y meaéuxingzﬁh:wahagntoathe

(Vor i son et a . oyt tlibcie MmO HE Y SELo S Lo L Do o
Neuberger & al. _9984, Nat ure 312: 604-608; Takeda et al., 1985, Nature
314: 452-454) by splicing 18 )0 AR Iy the amount of soluble

leukocyte marker in the original sample from the

amount of total leukocyte marker in the original

sample determined in step (a); and, in step (b)

10 calculating the approximate number of cells
positive for the leukocyte marker in the
original sample from the remainder in step (ii).

22. The metheod according to claim 21 in
15 which the leukocyte marker is CDS8.

23, A method for enumerating the approximate
number of leukocytes'that are positive for a
leukocyte marker in an original sample comprising:

20 ' (a) adding a non-ionic detergent to the
original sample to form a detergent-treated
sample; '

(b) allowing the detergent to lyse the
- cells therein;

25 (c) diluting the detergent-treated

sample by at least 2-fold;

| (d) detecting the activity of the
leukocyte marker in the detergent-treated sample
by immunological detection means; and .

30 (e) comparing the activity of the
leukocyte marker in the detergent treated sample
with ﬁhe activity in a standard sample, which
standard stample comprises a known number of

a8 cells positive for the leukocyte marker.
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can bé

@ng%gggﬁkibody nol ecul e specific for |eukocyte "arkePEQ?9§ép%§w¥§th genes

ten—antt+body ol ecul e of appropriate biol ogi

anti bot es tent 4,946, 778) can be adapted to Q%%QHQE?
mar ker -specific single chain anti body. An additional enbodi nent of the
i nvention 24.i | i zex etk Y uasumasat ihgdeher appeoxcmaser uction of Fa

exprgggdn eldéarl dik%%y(ﬂilésptheatt aAlre ﬂgggtn?&' goge, 246:1275-1281) to allo

rapi ent I°f | cat
leukocyte marker in a sample comprising:

(1) determining the total amount of
5 leukocyte marker in the sample according to the
method of claim 19; and | '
(2) calculating the approximate number
of cells positive for the leukocyte marker from
the total amount of leukocyte marke: determined
10 in step (1).

25. The method according to claim 20 or 24
in which the calculation of step (b) is a calculation
selected from the group consisting of:

15 (i) extrapolating standard curve of
~amount of the leukocyte marker versus number of
leukocytes positive for the leukocyte marker;
and

(ii) multiplying the total amount of

20 leukocyte marker by a correction factor m and
adding a correction factor b according to the
formula:

leukocyte number = m (total leukocyte marker) +

b

25

26. A method for diagnosing, detecting or

staging a disease comprising detecting in a sample
from a patient suspected of having the disease the
total amount of a leukocyte marker accordihq to the

- method of claims 1, 3, 6, 13 or 19 and comparing the
amount so detected to the amount of the total
leukocyte marker in normal individuals, a difference
in amounts indicating a disease state.

30

27. A method for diagnosing, detecting or
staging a disease in a patient suspected of having
the disease comprising enumerating the approximate

heet Has Been Replaced

T \\\I I

{octh glﬂﬂaﬂﬂluﬂﬂﬂlﬁmﬁf:uz“s“;f:;?gezc?sf Che' praavel e S BT R

ng
n

a)
=

s
v




26 of nonocl onal Fab fragments with the desired specificity for
t eukocyt e Y %%P8981  Anti body fragnents which contain sites sppCTfUS917a308s

| euko be generated by known techniques. For exanple, such
fr'agwgmumm ﬁ l,are not linmited TP®the F(ab')2 fragments whi ch can
be pr i di gestion of the antibody nol ecul e andTH{SesHEr HAS BREN

fragments which can be generated by reducing the disulfide [bridgespidcgme

nsenylany ot dummer of TEI0IRVERL Bige e TBILPEL08 B8P0 TN bed 1
Sections 2.1 sHHRPCHRR RATESK cln MSImRle\fXRR bhe| Pakdgnton, total C4,
total CD8, or acicdildR t@VtHE Hmeased o6t idldi® 20, 23 or 24 and
' comparing the approximate number of leukocytes with
5 the number of the leukocytes found in a normal
individual, a difference in the numbers indicating a

disease state.

28. The method according to claim 26 or 27
10 in which the leukocyte marker is selected from the
group consisting of CD4, CD8 and T cell antigen
receptor.

29. The method according to claim 28 in
15 which the leukocyte marker is CD4 and the disease is
selected from the group consisting of acquired
immunodeficiency syndrome (AIDS), AIDS related
complex, and CD4* leukemia or lymphoma.

20 30. The method according to claim 30 in
which the leukocyte marker is CD8 and the disease is
selected from the group consisting of AIDS,
transplantation rejection, rheumatoid arthritis, and

infectious disease.
25

31. A method for diagnosing, detecting or
staging a disease in a patient suspected of having

the disease comprising
-(a) measuring in an original sample from

30 the patient the total amount of at least two
leukocyte markers according to the method of
claim 1, 3, S5, 13 or 19;
(b) determining the ratio or ratios of
35 the amounts of the leukocyte markers measured in

step (a); and
(c) comparing the ratio or ratios of the

leukocyte markers determined in step (b) to the
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ptactiée of this invention. In another enbodinent, a plurality of two or

-nor e «t ot alwoaskgsvgi € surface nol ecul-es or markers can be neasu%%%d;éa/q%tasa

f urt her -enbodients.—the relati ve anount of one narker can be

ariot her. ENUMERATI ON=COB9LEUKOCYTES IS SHEET HAS BEEN
PGSI Tl VE HIIIIIH”MH‘IIﬂ“"lThe measurenent of a total |eukocyt e’ mar 8F1 ACED
according to the 1 mventi ®en provides a nethod to enunerate the
| eukocytes that are positive for the | eukocyte marker in a sanple. In
anot her enbodi ment ,S3%R ¥REiQ| oy patickedkhoaynermalkdndividuaissay can be
conpared to the actdvfteréhce shaene’ fathak Ciﬁ&}i&'a%‘i%gaakfag‘ﬂgna[w’oer of
cells positive for the | eukocyte marker. Thi's aspect of the 1nvention
i s based on the di§gﬁvg7y that the total |eukocyte marker level in a

5 32. A method of diagnosing, detecting or
staging a disease in a patient suspected of having
the disease comprising:

(a) enumerating the approximate numbers
. of leukocytes that are positive for at least two
10 leukocyte markers in a sample from the patient
according to the method of claim 20, 23 or 24;
(b) determining the ratio or ratios of
léukocytes positive for each of the leukocyte
markers enumerated in step (a); and
15 (c) comparing the ratio or ratios of
-leukocytes determined in step (b) to the ratio
or ratios in a normal individual, a difference
in the ratios indicating a disease state.

20

' 33. The method of claims 31 or 32 in which
the leukocyte markers are CD4 and CD8 and the disease
is AIDS.

25 34. A method for monitoring the effect of a

therapeutic treatment for a disease comprising
detecting in a sample from a patient undergoing
therapeutic treatment for the disease comprising
detecting the total amount of a leukocyte marker
according to the method of claims I, 3, 5, 13 or 19
and comparing the amount so detected to the amount of
the total leukocyte marker in normal individuals, a
difference in amounts indicating achange in the
disease state.

_ 3s. A method for monitoring the effect of a
therapeutic treatment for a disease in a patient

" This Sheet Has Been Replaced
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sanple, which is proportioned to the activity of the | eukocyte mark in an
- assay foW@192/0898kocyte marker, correlates directly w th thepaurusdi/ofoss

cell s posi gty r Ker. As shown in an Exanple, infra ..
27 (SegHLlﬁUhﬂ'_lMHﬂwamm ation bét v the nunber of Cq THRESHEET HAS BEEN
|

. determ ne present .. ... REPLACED

undergoing therapeutic treatment for the disease
comprising enumerating the approximate number of
leukocytes that are positive for a leukocyte marker
in a sample from the patient according to the method
5 ©Of claim 20, 23 or 24 and comparing the approximate
number of leukocytes with the number of the
leukocytes found in a normal individual, a difference
in the .numbers indicating a change in the disease
state,
10
36. The method according to claim 34 or 35
in which the leukocyte marker is selected from the
group consisting of CD4, CD8 and T cell antigen
receptor.
15
37. The method according to claim 36 in
which the leukocyte marker is CD4 and the disease is
selected from the group consisting of acquired
immunodeficiency syndrome (AIDS), AIDS related
20 cqmplex, and CD4* leukemia or lymphoma.

38. The method according to claim 36 in
which the leukocyte marker is CD8 and the disease is
selected from the group consisting of AIDS,

25 transplantation rejection, rheumatoid arthritis, and
infectious disease.

39. A method for monitoring the effect of a
therapeutic treatment for a disease in a patient
undergoing therapeutic treatment for the disease
comprising

(a) measuring in a sample from the
patient the total amount of at least two
leukocyte markers according to the method of

claim 1, 3, 5, 13 or 19;

This Sheet Has Been Replaced
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I nvention and the nunber of cells determ ned by fluorescence-activated cel
“sorting (PXE}2/088813 correl ation coeffecient of 0.946, which |PCH/8S9640808%t

enurerat--on—of- a—#eukocyte narker-p05|t|¥i cell by the total |eukocyte
e

e |nvent|on can be as‘reli abl e as enuner at OHﬁbsﬂﬁukwwngEN ;
naH lmﬁ. ﬁ Hﬂ H as pointed out in the Summary of the | nventREBRACED
pfa,c the present nethods do not require conplicated sanple preparatlon

car ef ul storage conditions, Q?Q?Q.ﬁ% ?n@h}g Irgqgll&%e

anot her enbodi ment, the ano nt 0 nar Ker rane and/or
i ntracytopl asmic coﬁﬁ&rPW@HF§SOPfat§&nﬁFék°FM§e qﬁﬁ*##ﬁﬂ!ﬁﬂﬁﬁf%&ﬂkﬁne
| eukocyt e marker, cetéplqhgs‘unah the nunber of cells in the sanple.

shown in an Exanple, Sectio infra_.the_correlation betmeen t nunber of
cells positive for a Ieukoc3f§ ﬁ&PPéFigﬁdtﬁﬁe AT ?£“%4ﬁnker in

t he nenbrang and i nleakptyteamarkersnetermined sxgamtbp (b) to the
same ratio or ratios in a normal individual, a
difference in the ratios indicating a change in
the disease state.

10 40. A method of monitoring the effect of a
therapeutic treatment for a disease in a patient
undergoing therapeutic treatment for the disease
comprising: |

~ (a) enumerating the approximate numbers
15 of leukocytes that are positive for at least two
leukocyte markers in a sample from the patient
according to the method of claim 20, 23 or 24;
(b) determining the ratio or ratios of
leukocytes positive for each of the leukocyte

20 markers enumerated in step (a); and

(c) comparing the ratio or ratios of
leukocytes determined in step (b) to the ratio
or ratios in the patient at an earlier time
difference in the ratios indicating a change in

25 the disease state.

41. The method of claims 39 or 40 in which
the leukocyte markers are CD4 and CD8 and the disease -
is AIDS, and in which an increase in the ratio of cD4
to CD8 positive leukocytes in the patient relative to !
the patient at an earlier time is indicative
improvement of the disease.

42. A kit for determining the total amount
of a leukocyte marker in a sample comprising:
(a) a concentrated non-ionic detergent

solution; and ... -
et Has Been Replaced
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According to the present invention, the nunber of cells positive for a

1 eukocyt e WRIREBIBh a sanpl e can be deternined by (1) detern RCEGUSI1£0808S 3
anount of teukocyte—rarker in a sanple, and (2) calculat”ﬁ@%@@ﬁﬁ@ﬁgabaEEN
nunﬂmmﬂnmnﬂm mwe for the |eukdcyt®e Tarker from t Ee otdpLatBDNt Of
| eu | ﬂﬂ one enbodi nent, the cal culation can 10)%

| eukocyt e mar ker versus total

*

ext rapol‘at i*fng"from+a standard curve of total

nunber of cells positive for_the | eukpcvte l n anot her enbodi nent,
n{ba) sf%%?%%h?@%%ﬂt%’e" O3S anount  of

fornmul a can be derived fro

| eukocyt e marker plaRgsicE igtfon ehe ckenkecyte markethot her enbodi ment, only

a

the activity @adnhgpSsSaiftidbre tdidalgekocyte marker is used to calculate

the total nunber of cells Positive for the marker. In this enmbodi nent,

5

10

15

20

25

30

43. The kit of claim 42 in which the
concentrated non-ionic detergent solution comprises
9% Triton X-100 and 6% Nonidet P-40 in distilled

water.

44. The kit of claim 42 in which the
immunological detection means is a sandwhich

immunocassay.

45. The kit of claim 42 which further
comprises a standard comprising a known number of
cells positive for the leukocyte marker.

46. The kit of claim 42 which comprises
immunological detection means for more than one
leukocyte marker.

47. The kit of claim 42 in which the
leukocyte marker is CD4 and in which the
immunological detection means is a sandwich
immunoassay employing a first antibody 8F4, deposited
with the ATCC and assigned accession no. HB 9843, and
a second antibody R2B7, deposited with the ATCC and
assigned accession no. HB 9842.

48, The kit of claim 42 in which the
leukocyte marker is CD8 and in which the
immunological detection means is a sandwich
immunoassay employing a f£irst antibody, 4C9,
deposited with the ATCC and assigned accession no.
HB 9340, and a second antibody 5F4/7B12, deposited
with the ATCC and assigned accession no. HB 9342.
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REPLACEVENO 9%/ 28 total anmount of |eukocyte
marker is reflect d in the relative activity in the detectlonP 17084

met hod of calculating a total nunber aof xgelds, e.g., extr '%§§§ ﬁ{ﬁks%EEN
formula, remains the same. The present invention provid iﬁ%ﬁA EE
straightforward nmethods to cal culate a standard. In one e Attt
total anmount of |eukocyte marker relates to the total nunmber of cells

positive for the ndsSker. |The roit qf efRrined ey diniey  tive | | near
regressi on anakeMgboeytle iKY A ! e%qcyéeql”%rnlﬁgrgéno zleoéeptocre,l 'ang!mPer
DQSItlve For Egewg%ch tﬂe immunological detection means is a
sandwich immunoassay employing a first antibody
§ sSelected from the group consisting of VB85-specific
antibody W112, deposited with the ATCC and assigned
accession no. HB 9927, and cB-specific-antibody
W4F.5B, deposited with the ATCC and assigned
accession no. HB 9282, and a second antibody 8A3.31
10 (BFl), deposited with the ATCC and assigned accession

no. HB 9283.

50. The kit of claim 42 in which the
leukocyte marker is a § T cell antigen receptor, and
15 in which the immunclogical detection means is a
sandwich immunocassay employing a first antibody
- TCR§1, deposited with the ATCC and assigned accession
no. HB 9772, and a second antibody &§TCS1, deposited

with the ATCC and assigned accession no. HB 9578.
20

25

* ¢ L M s *

30
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per f or,med. {vl'aenl,@lggfr regression analysis can yield a straight line curve,
, and a formula for calculating total cgllp@nﬂngﬁﬂﬁbgﬂl

an estimate of "e
tot.-al | eukocyte marker anount. I n anot her enbodi nent, T
the | eukocyte marker in the detergent-treated sanple can be%ﬁlgsﬁ%ﬁ‘gﬁgy%m
detection neans and conpared with an assay o
of | eukocyte marker in a standard sanple, and the nunber of cells positive
for the | eukocyte marker determined fromthe conparison. In a nore
preferred enbodi nent, the activity in an assay of the |eukocyte marker in
the detergent-treated sanple can be congzl[ed with the activity in an assay
of the | eukocyte marker in a standard c &ini ng a known nunber of cells
positive for the marker, and the nunber of cells posigyve tOr the | eukocyte
marker in the sanple determ ned fromthe corrpari%n. (eo) Iganot her

I nmunol ogi cal

enbodi nent, the correlation of total b G}
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nunber positive for that marker can be corrected

l-eukocyt e Neé®Rkerosegi h cell

for an excess anmount of | eukocyte marker in the sol uble_Qr.

conpartment. The anount of sol uble | eukocyte marker can béumsgéﬁbﬂAE?Eﬁﬁa
usi ng the sang i mMmARRFA4SEY

same i nmmunol ogi cal detection neans, e.g.,
can be subtracted fromthe anount of total

anmount of sol ubl e narker
29 mar ker. The corrected
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.mar ker valwg 98ajg9g0r rel ate nore accurately with the cell count. In a

speci fic enbodi nent, the total nunber of CD8+ cells correlat eECWUS?IIdSGss
tetal amount of CD8 m nus soluble CD8 (see Section 8, infra). In ,
preparing a standard, total cell nunber can be i ndependenty—edeterm ﬁed__‘_ay
any means known in the art, e.g, FACS, inmunofl uorescencd FSrBEESHAS BERY
conpl enent |ysis assays, to nention a few. In a preferred.eoho
i ndependent total cell nunber is obtained by FACS. A total
be used to estimate the nmenber of CD4+ T cells in a patient sanple.
estimate of the nunber of CD4+ T cella}'r&a sanpl e can be used for

di agnosis or nonitoring of a therapeu reatnment, e.g., for AIDS
In a preferred embodi ment, CD8[err] cells can be enunerated by

CD4 assay may
The

pati ents.
measuring the total anmount of CD8 antigen in the sanple and subtracti ng t he
amount of soluble CD8 antigen in the sane sanple. Such@rh>
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W0 92/¢ . . : .
d% ?%?ornatlon on both the i ”Mmune system activation and the

anal ysi s vyi el
In yet a further enbodi ment the total PEI/EEP1/0808F
t he

CD8[err] cell count.

cells positive for [err] or [err] TCAR can be determned. Simlarly,

total nunber of T cells positive for subsets of Va, V[er Lﬂﬂgkgég} S BEEN
whol e bl ood sanpl es can iOM/ Qm@ﬂ%@%EE& -

V[err] can be determ ned. Thus,
qui ckly, safely and reliably for the nunber of specific

5.3. KITS The reagents necessary for the practice of the present
in a kit. The essential elements of

i nventi on can be conveniently provide
{ B non-ionic detergent solution and

a kit of the invention are a concent
a neans for imunol ogically detecting the presence of an antigen.
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30 r  ThWOk92/0898n conpri se any i mmunol ogi cal detection nmeans known in
the art, e.g., those discussed in Section 5.1., supra. PreferalPCr/vsei/ososs
i mfunol ogi cal detection neans are a first capture antibody specific for a
| eukocyte marker, and a second detectabl e anti body specific for fhe

 eukocyte marker. The first antibody can be provi ded on g TSI SHEST G BEEN
such as a glass or plastic bead, nenbrane, a plastic stigk, a RERVAGEBI |, a

gllass or plastic test tube, or
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-- e m iaal e

ot her* sol i WQsmspgast s known in the art for i munoassays. Alternativel th
first antibody can be provided for |ater inmbilization. The FGT{USY Bﬂms
setond anti bodies can be provided as a |yophilized preparation for

reconstitution, or as a concentrated sol ution. The secong gbﬁﬁ yocanhe.
detectable by | abeling neans. In a preferred enbodi nent, fﬂﬂ PREET i Hedhs
IS an enzyne. The detergent solution is provided in ] '
sufficient volume to hold the amobunt of solution necessary for the nunber
of assays contenplated by the kit. Preferably the detergent solution

conprises two or nore non-ionic detergents. In a preferred enbodi nent, the
detergent solution conprises 9% Triton 7 100 and 6% NP-40 in distilled’

wat er. That particul ar detergent conce@ ddtion is optimumwi th respect to
an assay for both CD4 and CD8. Preferably the kit conprises a | eukocyte
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St andard, VO /0898150l ution or | yophilized for reconstitution. Mre
preferably, the kit conprises a standard conprising a known nuREE/USH1/08085 s

poSitive for the | eukocyte marker of interest. Thus, the activity in an
eTIISrS}MEEINHAS BEEN

assay for the | eukocyte marker in an unknown sanple can &
conpared with a known sanple, and the nunber of cells in|the uREPIMEEDsanpl ¢
that are positive for the | eukocyte marker enunerated thereby.
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The- kirt  caffOr 23/P8R8A conprise a reagent reactive with |abel, second
to the antib“@gﬂ7pg§uus

anti body is detectable by attachnent of a | abel
the kit can provide the enzyne

exanpl e, when the | abel is an enzyne,

substrate. The kit can also provide a dilution buffer, in {7

‘concentration, high concentration for dilution, or dry fo4 Eg@sgﬁfrHASBEFN
a kit provides inmunol ogi cal

In yet a further enbodi nent,
for nore than one | eukocyte antigen. In a preferred enbodi nent, the kit
conpri ses i munol ogi cal detection neans for both CD4 and CD8.

5.4. METHODS OF DI AGNCSI S AND MONI TORI NG OF A DI SEASE
5.4.1. METHODS OF DI AGNOSI S
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| n anot herreonaogdveent of the present invention, neasurenent OPCHUSSL/OBO8S

1 eukdcyte marker can be used to detect, diagnose or stage a di sease or

- disorder in a subject. The neasured anount of the total | , 5.
conpared to a baseline level, i.e., the anount of total | quKdéBEERHASHEEN
normal individuals. This baseline | evel can be the anount {whi chRERLACED

“established to be normally present in the body fluid of subjects prior
t he onset of disease or the anpbunt present during rem ssion of disease.
Di sease or disorders which may be detected, diagnosed or staged i:h?&%l

subj ect according to the present i n&ation include but are not Ii
those listed in Table I1I1. <
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DETECTED AND/ OR DI AGNCSED AND/ OR MONI TORED | N A SUBJECT A

THE PRESENT INVENTION |I. Infectious D seases |Induced by vi#us- R ,
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- Bor Tcell |eukem a

- HFLV= 111 WQe2/o898il V (AIDS) 1l. Cancer
HTLV-1- associated adult T cell |eukenia - Bor T cell Iyrrﬂ?ﬁ?ﬁysm/ososs
Burkitt's | ynphoma - Hairy cell |eukem a - Sezary syndrone -
Hodgki n' s di sease - Chronic |ynphocytic | eukem a - Hodgkin's
|'ynphonma - B-cell acute |ynphoblastic | eukem a - T@StSJﬂEBTSiASI BHAEN
Aut oi mmune Di seases - Rheumatoid arthritis - Di abe REPLACED
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.- ~Syst eni @gd rythematosis |V. Organ Allograft Rejecti Ofpersy:
nmet hods for: %‘gf#g%stqi ng di seases or disorders based on the numr:)%cr—rlgfsgtl:g)l sin

a.sanple fromthe patient that are positive for a | eukocyte nmarker are

di scussed in Section 2.3 supra and in the references citedftherera._JThose
- met hods can be practiced by the preseggJ t hods of the iny m’l’i'%‘?ﬂaﬁﬂms BEEN
cheaply and easily than heretofore.th 6 possi bl e. | H RERWbACEDTENT

t he amount of total CD4 antigen can be used to enunerate CD4 positive C
which in turn can be used to diagnose AIDS. In the past, the diagnosis of

Al DS was determ ned when a
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y . q@ﬂ%‘f 54"0.« .
33 patient who was H V-positive denonstrated CD4 positive cell counts of

<500 cells/mm{err] in the presence of one or nore opportuni stic
This definition of AIDS is expected to change to H V- posi Lpﬂﬁuﬁﬁnis ET
presence of <200 cell s/ mB whet her or 4not opportunlstlc I nf

present (see Section %E%RA§%5¥§Q'- P -fé_ﬁﬁmﬁ@bé! |nfect|o¥aﬁfﬂﬁﬂ

al so be nonitored bh PR

1. RODUCTION L
The present invention is directed to the

measurement of total leukocyte surface antigens, such
as T cell receptors and T cell differentiation
antigens or fragments thereof, and the application of
such measurements in the diagnosis and therapy of
diseases and disorders. The present invention is also
directed to the measurement of soluble leukocyte
antigens or fragments thereof, in conjunction with the
measurement of total leukocyte surface antigens and
the application of such dual measurements in the
diagnosis and therapy of diseases and disorders. The
measurement of such molecules, and preferably a
plurality of such molecules, can be used in monitoring
the effect of a therapeutic treatment,.detecting
and/or diagnosing disease.

2. BACKGROUND OF THE INVENTION

2.1. LEUKOCYTE SURFACE MOLECULES
Clusters of differentiation (CD) have been

established which define human leukocyte

differentiation antigens (Bernard and Boumsell, 1984,
Hum. Immunol. 11:1-10; Knapp et al., 1989, Immunol.
Today 10:253:258; Gebel et al., 1988, ASHI Quarterly
12:11; Leukocyte Typing III: White Cell
Differentiation Antigens. Ed., McMichael, A.J. 1987.
Oxford University Press. Oxford), by the comparison of
reactivities of monoclonal antibodies directed against
the differentiation antigens. The T cell surface
antigens, their classification into epitope-defined
subgroups, and their distributions on T cells have
been studied by use of monoclonal antibodies directed
against human T cells (Clark et al., 1983,

~—
>
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For exanple, patients infected with herpes virus or an AIDS virus can
present nodified |levels of total CD8. In other enbodi nent e

can be neasured in transplant patients, and used as a dia EEACENE@IcgﬁEFE
of allograft rejection. Detection of increased |levels of {oyal CD38 can be
associated with rheumatoid arthritis and 9 nfectious di sease$ §urMAR 1997
EBV-i nduced nononucl eosis. Detection of elevated levels of § CD8 antigen
can indicate the involverment of significant nunbers of suppreéessor/cytotoxic

T cells with eci fi c pathol og distinct. fro

activati on. %“mp é) L@ 5%§5§§¥n2§? Sehe® ﬁeﬁ%ure roftk ot al CD4
in a cell culuumsanytdxfypdn@d Bernard Andleatamn oédshe CD4+ phenot ype
of the |ynpho or u as ypeh s can be
classified usi tgﬁng§§f iﬁ.%éﬁa?§§§0régﬁ %ég FEEZ u %rggnb i ment,

t he neasurenem:Qﬁih(ﬁ%ﬂsﬂﬁﬁseﬂﬁlgeﬁfeaﬁnbéaﬁseu @Dddétbér cedi ceIIs and

to

surface molecules are listed in Table I.
These cell surface markers serve as markers of

cell lineage, the identity of the functional T cell

subset to which the T cell belongs, and the activation

state of the T cell.

Several of the cell surface

molecules have been studied in great detail, have been
found to be important in initiating and regulating
immune functions and are critical to communication
processes between immune cells.

TABLE I.
LEUKOCYTE SURFACE MOLECULES

Cell Detection
Surface Monoclonal
Marker Expression Antibodies | Refer-
ences
T cell Antigen | AL1 T cells T40/25, 1,2,3,
Receptor and T cell aFl, BF1, 4,5,6
subsets §TCS1,
TCRS1,CyM1
CD1 Thymocytes & OKTe6
Langerhans NAI/34
Calls, Lukemia
Cells - _
NK cell NK cells NC=-37 7
| receptor specific
antibodies
Cell Adhesion
Molecules
CDh2 All T cells OKT11 8,9,10
Leu$s
| _ - B67.1
CD58 (LFA-3) Leukocytes, TS2/9 11
epithelial _
CD3 Pan T cell OKT3 - 12
Leus ]
cD4 Helper/ilnducer | OKT4 - 12
Subsets of T Leu3a
cells '




enunerate them Simlar enbodi nents of the i nvenf ion incly

nmeasurenent of total CD8 antigen to classify CD8+ | eukem 3

MONI TORI NG

?&Pm%&mwwwm

t'o detect CDB8+ cells and to enunerate them . 2. NMETHODS Of
The present invention prg)w des a met hod fcr erhBt MARNI897 hd
effect of a therapeutic treatnment on a 34
CD5 T.B subsets UCHT2 11
T1
e T Cells 3A1 11
cD8 Supressor/ a Chain: 13,14
Cytotoxic OKTS
Subsets of T Leu2a
cells B Chain:
| T8/2T8 l4a
B2 _integrins
LeuCAM leukocyte cell 11
adhesion
molecules
"CD11a (LFA-T1) myeloid, 11,15
lymphoid
CD11b 11,15,1
(MAC-1 (CR3)) myeloid 6,
17,18,1
. 9
[TCD11c (CR4) myeloid 11,156 |
[CD16 (FcR111) Natural Killer, HUNKZ2 11
Macrophages 3G8
Granulocytes
CDZ1 (CR2) B subset B2 11,20
HB5
CD23 (FCeR11) B subset MHM6 11
Blast-2
i cD25 TAC, IL-2 Anti-TAC 21
Receptor 7G7/B6
(Activated T
Cells)
CD30 Activated T, B | Ki-1 11
Cells HSR4 !I
Reed-Steinberg
Cells
CD35 (CR1) Granulocytes, YZ-1 11,22
B cells, J3D3
monocytes :
A3 intearins
CD41 11,23
CD51 11,23
Homing Receptors -
CD44 Leukocytes, brain 33-3B3 24
Mel-14 GRHL1 25,26
A1 integrins
D49a-f(VLA-1) Extra cellular =

VLA‘Z: VLA'3 ’
VLA-4

Matrix (ECM)

27,23




subj ect who has undergone the therapeutic treatnment. This
nmgasuring at suitable tine intervals the anount of a tota

mar ker. Any change or absence of change in the anmount of
| eukocyte marker can be identified and cqrrelated with thg

treatnment on the subject. I'n one erbodinent, tota

nmeasured (and CD4[ err]
t her apeuti c out cone of

AIDS patients follomnng adnlnlstr.

t her apeuti ¢ cpopound orforaon. or T T
enbodi nent, €D antlgen Qﬁ“ﬂ@'ﬁﬂﬁ%ured nHKEUrrelatec T bease
progressi on of (NKEd, M&AMbut copActivated Measur &f total hnti gen
receptor can {pe especially use mmmrmmam oring the effectiV

treatnent wt

T ransferring
Receptor,
Proliferating cells

List of Re:e;ences for Table I.

1. Brenner et al., 1584, J. Exp. Med.
160:541~-551.

2. Henry et al., 1989, Hybridoma, 8:577.

3. Brenner et al., 1987, J. Immunol., 138:1502.

4. Wu et al., 1988, J. Immunol., 141:1476.

5. Band et al., 1987, Science 238:682.

6. Hochstenbach et al., 1988, J. Exp. Med.
l68:761.

7. Evans, International patent publications
#W089/03394, #W088/03395, & #W088/03396
published April 20, 1989

8 Bierer et al., 1989, Annu. Rev. Immunol.
7:579-99.

8. Verbi et al., 1982, Eur. J. Immunol.
12:81-86.

10. Perussia et al., 1983, J. Immunol. 133:180.

11. Knapp et al., 1989, Immunol. Today 10:253.

12. Kung et al., 1979, Science 206:347-349.

13. Reinherz et al., 1979, Proc. Natl. Acad Sci.
USA 76:4061-4065.

14. Ledbetter et al., 1981, Monoclonal
Antibodies and Tcell Hybridoma, Elsevier,
North Holland, N.Y. pp 16-22.

14a. Shieu, L., et al., 1988, J. Exp. Med.
168(6) :1993-2005.

15. KXishimoto et al., 1989, Adv. Immunocl.
46:149-182.

16. Altieri & Edgington, 1988, J. Biol. Chem
263:7007-1

17. Wright et al., 1988, Proc. Natl. Acad. Sci.
USA 85:7734-38.

18. Wright et al., 1989, J. Exp. Med.
169:175-83.

19. Russell & Wright, 1988, J. Exp. Med.
168:279-92,

20. Nemerow et al., 1985, J. Virol. 55:347-351.

21. Uchiyawa et al., 1981, J.Immunol. 126(4):
1393-1397.

22. Klickstein et al., J. Exp. Med.
165:1085~-1112. - '

23. Hemler, 1990, Annu. Rev. Immunol. 8:365-400.

24. Berg et al., 1989, Immunol. Re¥. 108:1-18.

25. Lasky et al., 1989, Cell 56:1045-55,

26. Haynes et al., 1989, Immunol. Today 10:423.



T

receptor specific antibodies.
antigen in a specific subset of T cells ‘expressing spe
tegions can be nmeasured and correlated with treatnent d
therapeutic treatnents which may be eval uated according t
i nvention include but are not
vacci ne adm nistration,
The i munosuppr essant

admi ni stration of7dr uggneesh 1387CY deapaeg 545 . chl oranb
cycl ophospham dez2gor Redhhie@2r ietcaland 188d,- Prard) Negl

nonocl onal

anti-thynocyte gl obulin,

not

I n specific enbodinents, the total

TCR

REFLACEMERT S

231

| mmunosuppr essi ve or i mmunoenhans

0 t he present

limted to radiotherapy, Wriug| 3dMAR $8%atli dn,
ve regi nens, letic.

regi nens include, but are not lint

cil,

Lo

anti body, 8oti- Usagl I77anssgergs.ept or anti body,
etc.

and

interleukinferr],
LEUKOCYTE SURFACE MOLECULE

SPECIFIC ANTIBODIE

2.2.

The i munoenhansi ve regi nmens i ncl ude,
limted to adm nistration of

Over the last several years, antibodies to
determinants of murine and human TCRs have been

developed.

Some of these antibodies appear to

recognize all members of a V region family, some a
subset of V regions within a family, and some a

particular V region only (TABLE II).

These TCR

antibodies identify minor populations of peripheral
blood T cells (1-5%) and subdivide T cells in a new
way based on TCR V region usage. '

TABLE II.

Name Cione pecificity 0 eactivity e

BVS (a) 1C1 VB5.2 and HPB 1-5% of | 1
VB5.3 PBL

| Subfamilies

BV5 (b) Wiiz | VB5.3 HPB 0-3% of | 2
Subfamily PBL
subset of
BVs (a) LJ

AVS (a) 16G8 | VA8 family JURKAT ;-E?ﬁ? Z |

B
BVi2(a) |S511 | VP12 family | SEZARY |1-5% of | 3
PBL

BVE (a) OT145 | VB6 family | T-CLL 0-5% of 2
Allotypic PBL
vB6.7
epitope

av2(a) F1 Va2 T-CLL 1-5% of 5
Subfamily PBL

afv(a) 1Ca VA5.1 SUP-T13 | 1-5% of | 6
Subfamily PBL

List of References for Table IT

1.

2.

Boylston et al., 1986, J. Immunolj'
137:741-744.

Tian et al.,

1989, FASEB J.

3:A486 Abstr.

b@yadlch as anti-T3

but are



35 interleukin-2, interleukin-4 and other T cell growth fag

5.4.3. METHODS OF DI AGNOSI S OR MONI TORI NG OF THERA P AQE\MEV&\SHEET
DETECTI ON OF A PLURALI TY OF LEUKOCYTE MARKERS The present

i nvention al so provides for the detectigig or diagnosis of dispga

nmoni t ori ng

el MARA997

-

3. Bigler et al., 1983, J. Exp. Med.
' 158:1000-1005.

4. Posnett et al., 1986, Proc. Natl. Acad.
Sci. U.S.A. 83:7888~-7892.

5. Janson et al., 1989, Canc. Immunol.
Immunother. 28:225-232.

6. Maecker & Levy, 1989, 1989 J. Immunol.
142:1395-1404.

These reagents have proven valuable in studying
the repertoire of TCRs expressed under many in_vivo
and in vitro conditions. For example, in vitro
stimulation of mononuclear cells with certain
bacterial enterotoxins (superantigens) leads to the
expansion of T cells expressing a limited number of
TCR VB families (Kappler et al., 1989, Science
244:811-813). In vivo expansion of T cells bearing
particular VB regions has been detected in certain
animal models of autoimmune diseases.

Other antibodies recognize common determinants on
all af or 46 TCRs. These include CyMl, a monoclonal
antibody which has been shown to specifically
recognize the TCR-y protein (Hochstenbach et al.,
1988, J. Exp. Med. 168:761). This monoclonal
antibody was generated against a constant-region
encoded peptide and reacts with both Cyl and Cy2
encoded TCR-vy chains. It appears to possess framework
reactivity against all TCR-y polypeptides.

TCRS1 (Band et al., 1987, Science 238:682) and
6TCS1 (Wu et al., 1988, J. Immunol. 141:1476) are
monoclonal antibodies specific for the 6 chain of the
human yé TCR. Unlike clone specific or idiotypic
anti-TCR antibodies, TCRS1 appears to identify all T
cells which express the ¢y TCR. JTCS1 identifies a
minor subset of these 46 T cells.

Additional monoclonal antibodies to the T cell
receptor gamma and delta chains have also been
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| evel s of theublrishrexd Navembent 2any988¢ InternstiocaaldDPatedd and TCAR are

i ndi cators of "égqgga ' : QVi much
i mpr oved neagﬂ%ggg# t he r€ﬁ§§?525ﬁ§§|#ﬁﬂ%%gﬁﬁé ?%%E%gygggfeﬁggﬁpfng vari ous
stages of di seasdFd (Rrenmerset al., 1983, pdrt Fomusolenbodi ment, di seases

and 138:1502-1509) is a murine monoclonal antibody

specific for a framework, i.e., common or

nonpolymorphic determinant on the B chain of the af

TCR and identifies all T cells expressing the gf TCR.

aFl (Henry et al., 1989,'Hybridoma 8:577) is a
monoclonal antibody specific for a framework

determinant of the ¢ chain and identifies all T cells

expressing the af TCR.
Antibodies to CD4 have been widely described

(Kung, P.C., et al., 1979, Science 206:347-349) and

are commercially available. A series of such

antibodies reacting with non-competing epitopes on

the CD4 molecule have been described. Such a set has
been termed OKT4, OKT4A, OKT4B, OKT4C, OKT4D, OKT4E,
and OKT4F (Rao, P.E., et al., 1983, Cell. Immunol.

80:310).
Antibodies directed against the CD4 or CDS8
antigens have been shown to block cell function.

Antibodies against CD4 block most helper T functions,
mixed lymphocyte reactions and induction of T helper

‘activity (Biddison et al., 1984, J. Exp. Med.

159:783). Antibodies against CD8 block the cytotoxic

activity of CD8 positive cytotoxic T lymphocytes

(Swain, S.L., 1981, Proc. Natl. Acad. Sci. U.S.A.

78:7101-7105). Antibodies against CD4 have also been
described that are capable of activating CD4-positive
T cells. CD4 is internalized upon treatment of the

cells with phorbol esters and resulting
phosphorylation (Hoxie, J.A., et al., 1986, J.
Immunol. 137:1194-1201). -
Antibodies to CD35 (Wong et al., 1985, J.
Immunol. Methods 82:303; Yoon & Fearon, 1985,
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or its fragnments and derivatives. In another enbodinent, th
potential AIDS vaccines, such as gpl 20 peptides can be testpd by nonitoring

A Y O ST SaoRr EEhet ] ODE" Bakln€! 754! 855284 a" Sk Td M0 7

June S, 1987) have also been reported.
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2.3. CLINIC PPLICATIONS

These various lymphocyte cell surface markers
have enormous clinical application potentials for the
identification of lymphocyte populations and their
functional status (Krensky, A.M. and Clayberger, C.,
1985, Transplant. 39 (4):339-348; Kung, P.C., et
al., 1984, Monoclonal Antibodies in Clinical
Investigations, Clinical Biochemistry-Contemporary
Theories and Techniques, Vol. 3, Academic Press, pp.
89-115; Kung, P.C., et al., 1983, Int. J. Dermatol.
22(2):67-733; Cosimi et al., 1981, N. Engl. J. of
Med. 305:308; Knowles et al., 1983, Diagnostic
Immunol. 1:142; Hoffman, 1984, Amer. Biotechnol. Lab
2:39).

Existing clinical methods of T cell typing
involve the use of monoclonal antibodies which define
T cell surface markers to detect the presence of
specific cell surface markers on the T cell surface.
Measuring the total numbers of T cells expressing a
marker on the surface or membrane has been useful for
the characterization and classification of lymphoid
malignancies (Greaves, M., et al., 1981, Int. J.
Immunopharmac. 3(3):283-300). Changes in the
relative percentage of T helper and T '
suppressor/cytotoxic cells were found to be
associated with immune events in renal
transplantation due to viral infection (Colvin, R.B.,
et al., 1981, Proc. 8th Int. Congr. Nephrol., Athens,
pp. 990-996), autoimmune diseases (Veys, E.M., et
al., 1981, Int. J. Immunopharmac. 3(3):313-319), and
AIDS (Gupta, S., 1986, Clin. Immunocl. Immunopathal.
38:93-100; Ebert, E.C., et al., 1985, Clin.” Immunol.
Immunopathol. 37-283-297). -~

™
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%%%'ie%ftsCD‘l IROTdS \beeh R tablibstiedsenat abptimeasuyingl ative to

t%gbgglggiggpdgﬁgég\g%(:iééﬁﬂé&, functional T cell
subsets, and/or the relative number of activated T
cells in peripheral blood or tissues, an assessment
of the immunological condition of a patient is
possible.

In an HIV-infected individual, the most useful

single prognostic indicator for progression to overt

AIDS is the absolute number of CD4* T cells/mm’ of
whole blood. Currently, accurate measurement of CD4*
T cells requires the use of a flow cytometer, both
costly and not widely available. In addition,
federal guidelines define eligibility for AZT
administration to AIDS infected individuals solely on
the basis of the CD4* T cell count (a T cell count
which drops below 500 CD4* T cells/mm’) regardless of

symptomology. The cell count cut off for pentamidine

treatment is 200 cells/mm’. However, the costly and
largely unavailable flow cytometer leaves a large
population of clinicians and patients without the
means of proper immune status evaluation and
therefore AZT treatment.

If the CD4* T cell count drops below 500 cells/mm’
(AZT treatment) or below 200 cells/mm’ (pentamidine
treatment) (Cowley et al, June 25, 1990, Newsweek,
pp. 23-27; Mills & Masur, August, 1990, Scientific
American, pp. 50-57; Fahey et al., 1990, New Engl. J.
Med. 322:166-72; Goedert et al., 1989, New Engl. J.
Med. 321:1141-8), then the patient is indicated for
therapeutic intervention. - .

The measurement of CD4 positive or CD8 positive T
cells may be used to detect or diagnose disease, or
monitor disease treatment as described in patents and
Publications US 4,709,015, US 4,725,543, )

W&r by since the




the progress of AIDS etiol ogy. In a preferred aspect, the

appr oach t hat

can be taken is to determne the levels of total CD4 and tota
in longitudinal tinme studies and to conpare these val ues wth

| evel . The baseline |evel can be eithenghe | evel of the marKer| present in
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2.4. METHODS OF MEASURING LEUKOCYTE
SURFACE MO S_IN S E

The methods for detecting, staging or diagnos
a disease, or monitoring the progress of therapy
disease discussed above require separation of the
components of a sample.

For example, methods of diagnosis or monitori
of a patient with a disease may depend on detecti
of the amount of a soluble leukocyte antigen, and
comparison of the amount of soluble leukocyte ant
in the sample from a patient to the amount in a
sample from a normal individual or in the same
individual at an earlier time. See, e.g.,
publications WO 87/05912, and WO 90/04180. Howev
the assay sample must be isolated from cells and
cellular debris, which is time consuming.

Prior to the instant invention, measurement o
the amount of leukocytes positive for a leukocyte
marker was carried out by direct analysis of cell
To date, inveétigators have primarily measured th
amount of cell surface markers in enriched cell

sction_or
ing the
rker in a
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populations derived from whole blood. This involved

separating whole blood into its serum (or plasma)
cell constituents followed by enrichment of the
desired cells by procedures such as those involvi
the lysis of red blood cells and subsequent isola
of white blood cells on density gradients of

and

ng
tion

polymers, such as Ficoll-Hypaque. The enriched cell

populations can then be analyzed either by direct or

indirect immunofluorescence involving flow cytometers
or fluorescent microscopes, or alternativgiy lysed

with appropriate buffers followed by analysis of




CD8 (a neasure of immune system activation, see International .

Publ i cations WD 87/ 05912 : 31 REPLAGEMENT. SHEET
COct ober 8, 1987 and WD 90/ 04180 published April 19, 1990) is}canpared with
the level of CD8 antigen obtained by 3lbtracting the anount qf {s¢f 9bMARCDE?
antigen fromthe anmount of total CD8 antigen (e.g., the diffgrdgnce yields
cel |l nmenbrane bound pl us

either the total lysate or membrane and cytosolic
components individually. Limitations of these
procedures include (1) the requirement for fresh
samples, (2) the need to use enriched cell
populations rather than whole blood, (3) the
requirements of expensive equipment, (4) the time
involved in preparing the samples and (5) the need
for fairly large sample sizes or cell numbers for
analysis, since cells are lost during the sample
preparation steps and because flow cytometric
analyses require that a statistically significant
number of cells be analyzed for reliable measurements
to be obtained. In diseases where the cells of
interest are steadily declining, (for example, the
decrease in the number of CD4 cells during HIV
infection and progression to AIDS) larger sample
volumes must be used in order to obtain a significant
number of cells to analyze in the enriched cell
population.

3. SUMMARY OF THE INVENTION

The present invention overcomes the deficiencies
of the prior methods of detecting leukocyte antigens
and of estimating the number of cells positive for a
particular leukocyte marker by providing a reliable,
quantitative, easy-to-use method to measure total
amount of a leukocyte marker in a sample containing
cells in the biological fluid in which the cells are
obtained. Alternately, the sample can contain just
cells.

Surprisingly, it has been discovered that
treatment of cells in a sample with concentrated
detergent followed by dilution-of the sample
solubilizes the total amount of leukocyte markers in
the sample. Thus, the method for determining the
total amount of a leukocyte marker in a sample
comprises adding a concentrated non-ionic detergent



cytoplasm c CD8, which is equivalent to cell- associated tot
conparison gives information on the relative | evel of imun
activation and on changes in the nunber of cells in the CD pogitive cel
subset, both useful in the nonitoring di sease progressio
In a preferred enbodi ment, both the soluble and total CD8 -antijgen |evels

but jwitt—different
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intracellular and/or membrane bound marker in this
manner, the total amount (i.e., inclusive of marker
so released as well as any scluble marker that may be
present originally in the sample) of leukocyte marker
in the sample can be detected. After the cells have

been lysed, the sample is diluted to reduce the

detergent concentration. Detection of the amount of
leukocyte marker in the sample is by immunological

detection means, e.g., immunoassay.

Remarkably, measurements of total leukocyte
markers can be used to determine the approximate
number of leukocytes positive for the leukocyte
marker, in a sample i.e., measurement of total
leukocyte marker can be used to enumerate cells

expressing that antigen with an appropriate

correlation. Even more remarkable is the linearity

of the correlation betweén the measurements obtained
according to the method of the invention and cell

counts achieved by conventional means. Hence,

the

instant invention represents a highly advantageous
substitute for the more cumbersome methods of the

prior art.

Measurements of total leukocyte markers are

useful in monitoring the effectiveness of a treatment
of a subject, in predicting therapeutic outcome or
disease prognosis, and in evaluating and monitoring
the immune status of patients. Measurements of total
leukocyte markers can be accomplished by sandwich
enzyme immunoassays where the- samples are treated so
that the total amount of a leukocyte marker present

in membrane, intracytoplasmic and soluble

compartments can be measured. -
In particular embodiments, the invention is

directed to the measurement of amounts of total CD4




values wth the nunber of CH[err] T cells in a sanple. EPLA T SHEET
MATERI ALS AND METHODS 6.1.1. SAVPLE PREPARATI .Sgéﬂgieaf——
Patient sanples included 26 sero-positive H V-infected indivﬂduals and
heal thy adult vol unteers. Bl ood was obtained by venipuncturfe jn{3 MAR

col l ection tube. Sanple Treatment. Bior to assay, whol | ood sanpl e
were treated as foll ows.

antigen. Total CD4 antigeh measurements are
particularly useful in diseases where the absolute
number of CD4" cells is the best indicator of disease
prognosis or treatment outcome. Such diseases
include, but are not limited to, AIDS.

In another embodiment, the invention directed to
the measurement of the total amount of CD8 antigen.
Total CD8 antigen measurements are especially useful
in diseases associated with modulation of the CD8*
subset of leukocytes. These include but are not
limited to infectious disease, autoimmune disease,
and transplantation rejection illness.

In yet another embodiment, the invention is
directed to the measurement of the total amount of T

- cell antigen receptor (TCR) present in a sample.
Total TCR measurements can include the measurement of
total TCR on all cells expressing any af or yd TCR or

can include the measurement of total TCR on
particular subsets of cells including, but not
limited to, subsets expressing specific va, V8, Vy
and/or V§ peptideé.

In a further embodiment, the-invention is
directed to the measurement of both the amount of
total leukocyte marker and the amount of the same
soluble leukocyte marker and a comparison of the
measured levels. The change in the total levels and
soluble levels relative tc one another during disease
progression'or disease treatment can be superior to
the measurement of either total or soluble levels
alone. Such measurements are useful for the
detection, diagnosis or monitoring of treatment of a
disease or disorder. - '

In another embodiment, the invention provides for
the measurement of the total amount of two or more
leukocyte markers, and cbmparison of the amgﬁnts of
the markers. The relative amounts of the markers, or



Step 1: 100 [err]1 of anticoagul ated bl ood was renoved f|{REPLAGEMENDSHEET
collection tube and mxed with 20 [err]l of concentrated 6X fle gert—(0%%
Triton X-100, 6% NP-40 in distilled water) in a 12 x 75 mm glass tqﬁg%ggms
m xture was then incubated for one nminute gty room tenperatur t

mnute the treated sanple was either used in a CD4 i munoassay
-70 Cuntil assayed. Sanples stored at -70 C were allowed tolthaw at room
tenperature before use. Step 2: Prior to assaying the treated—sanptes™

ection i th Sanple BuLrer (oot o L e e e ered

25l i ne 0 250 NEEIE BAE*EER SNT oA osarse, BoasraeaieRe CaA. bRt RaEFon of
to detect, diagnose, or monitor treatment or progress
of a disease or disorder. Significantly, the
measurement of total leukocyte markers can be used to
estimate the number of cells positive for each
marker. The ratios of total leukocyte marker or
approximate numbers of cells positive for each
leukocyte marker can be compared with the same ratios
in a normal individual, and this comparison used to
detect, diagnose, or stage a disease or monitor

treatment of a disease or disorder.

Simultaneous measurement of the total amount of a
marker is an improvement over separately measuring
the cell bound, cell lysate or soluble marker for the
following reasons. Firstly, the measurement can
include the total amount of markers present in all
three compartments, not just the amounts present in
one or two compartments. Secondly, the measurement
of total markers is easier than other procedures that
involve greater sample preparation, complex equipment
and more steps. Thirdly, small quantities of sample,
e.g., 100 pl, and as little as 5-10 ul of whole
blood, can be directly analyzed in a simple
immunoassay format without prior enrichment of the
samples. The small volume of whole blood necessary
has major benefits in pediatric appliéations with
infants and small children. This represents a
significant cost reduction per sample analyzed, and
the elimination of an expensive equipment
requirement, thereby making the analysis widely
available tc many laboratories or cliniecs. Fourthly,
the measurement of total marker is an improvement,
since it involves minimum sample preparation and does
not create aerosols that are hazardous in the case of
infectious samples from patients. Most:important,
for infectious samples such as those containing HIV,




‘detergent. Total sanple volunes added to the irrﬁunoassay we ﬁﬁmm$ﬁg

50 [err]l. 6.1.2. CD4 | MMUNOASSAY Tot a
was neasured in a CD4 specific i munoassay (see |Internationfl]patent
publication WO 87/05912 published Octobgg 8, 1987) invol vi ng a qri-MAR 1997
three hour format using mcrotiter plates that had been pregoated with .
capture anti body overnight. Briefly, each well of a 96 well jmTtrotitTer well
plate was coated with 100 [err]l of nurine anti-CD4 coatingiantibody in

phosphatg bgft:‘mzr esi:mﬂizlmif?ﬁik &Eéﬁnﬁﬂ‘%oaiﬁﬁlrti-&txﬁeﬁtlrﬁif? B: ng .
pr ot ei n- bi ndi ocked W | [r er . vel ocki ng
buffer (O. S%Ac%gls% ;t%sa(f% d':'0 Yok L%ESY *¥BP/ 2 hours at
37[err]C Théhﬂﬁqhy\MﬂkﬂﬂwﬁﬁnnBQquenztaun%yﬂﬁshseser[erF}rtpéy,melI of

wash buffer EBRStdtal/ whrwést adsdlp%oes not require fresh
samples. Each patient sample can be treated and

stored frozen. This is especially useful for a
series of samples obtained from the same patient over
a period of time as in-a longitudinal study. Each
sample can gquickly be treated and frozen so that all
samples can be thawed and analyzed simultaneously.
This is a definite improvement over flow cytometric
analysis where the cells need to be fresh and intact.
It also eliminates variance obtained in assay results
that arise from interassay variability, since all of
the assays may be performed at one time.

3.1. DEFINITIONS

As used herein, the following terms will have
the meanings indicated:

Total Leukocyte = the total amount of a.

Marker leukocyte antigen or
fragment thereof
(including

membrane—-associated,
intra- and extracellular)
present in a sample.

WBCC = White blood cell count

AZT = azido-deoxthymidine

HTLV III/LAV/HIV = Human T cell Leukenia
Virus Type
I/Lymphadenopathy

Associated Virus/Human
Immunodeficiency Virus

OPD . = O=-phenylenediamine
mAb = monoclonal antibody
Spontaneous release = release by normai.or

pathologic physivlogical
processes of the cell



Tween 20). After aspirating the final wash buffer fromthe Eméﬁ&m_rs
HEET

of horseradi sh peroxi dase (HRP)

conj ugat ed nuri-ne nonocl onal anti-human CD4 anti body (in PB th 15% FCS
and 0.15% NP-40) and 50 [err]l of sanple or jgtandard were-a n'% 1(3 1997
well of the mcrotiter plate in duplicate. The conbi ned vol of sanpl e
and HRP conj ugated anti body was 100 [err]l. e e e )

AIDS = Acquired immunodeficiency
disease syndrome
TCAR = T cell antigen receptor
4. ES ON OF FIG S

FIG. 1. The measurement of total CD4 antigen in
whole blood according to the method of the invention
using a CELLFREE®’ CD4 assay (see Section 5.1, supra).
The three curves represent the detection of total CD4
(0.D. 490) from the blood of three normal
individuals.

FIG. 2. The correlation between total CD4
antigen as measured in a CD4 immunoassay according to
the method of invention and the total number of CD4
positive cells/mm’ of blood. Total CD4 (O.D. 490) was
measured from 2.5 ul of whole blood from five
different normal individuals using a CELLFREE’ cD4
assay. The number of CD4 positive cells/mm’ was
measured in the bloocd samples three days after
determination of total CD4 antigen from the samples.
Thus, the number of total CD4* cells/mm’ of blood
appear lower than expected for normal individuals. -
However, the curve cbtained shows a linear
relationship between total CD4 antigen and the number
of CD4+ cells.

FIG. 3. The correlation between total CD4
antigen measured from whole blood of HIV-infected
individuals and one normal control and total CD4*
cells/mm® of blood. HIV-infected individuals are
represented by a single square and the normals by the
double square.

FIG. 4. The correlation between total CD4
antigen measured frcm whole blood -of HIV-infected
individuals and normal controls and total CD4*
cells/mm’ of blood. HIV-infected individuals are

—
™




Sanmpl es and anti bodi es were incubated for 3 hours at roomt
After washing the plate as descri bed above, 100 [err]| of
(OPD tablets, BioDesign Intl, Catal ogug+# A45104T, dissolv
m citrate buffer-peroxide, BloDeS|gn IntI Kennebunkport,
nunmber A45105B) was added to all the wells and incubated f
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roomtenperature. At the end of this last incubation, 50 [ oF—2—N
Herr] SO4 wa gp&;;h V‘§ hgil@ skRrkhanactnkl ﬁ%rih'&‘i wnce of
each wel | méé ead at 4 E g Pts&aefe plotted as val ue “ai ned for

each sanpl e dauid ?)quEF%ﬁaJnst total CD4[err] cells/mierr] or sanple
vol unme. Correl atgxe. ®ef fTet&dt epyeaftigefilhathodusitagdarde Turvegr essi on

neayed for absdiific CouSoPPasisen, SF nehe, pPRTary, o e RREFacE " ° O
cD4 positive cells by the total CD4 antlgen method
and by flow cytometry in 95 normal and disease
samples.

FIG. 7. Comparison of the ability to enumerate
cD8 positive cells by the total CD8 antigen method
and by flow cytometry in 86 normal and disease
samples.

FIG. 8. Cell associated CD8 (total cDs antigen
minus soluble CD8 antigen) in whole blood of 30
normal and 11 cancer patients.

FIG. 9. .Total T cell antigen receptor £ chain

antigen in whole blood of a normal healthy donor.
FIG. 10. Total T cell antigen receptor V§1 chain
antigen and immunoassay standard curve.

5. ETATL DESCR ON OF TH NVENTION

The present invention is directed to the
measurement of total leukocyte surface antigens,
total T cell differentiation antigens, or related
total markers or fragments thereof, and the use of
such measurements in the diagnosis and therapy of
diseases and disorders.

The measurement of total markers according to the
invention is valuable in cell enumeration, cell
typing, monitoring the effect of a therapeutic
treatment on a subject, detecting and/or diagnosing a
disease in a subject, in predicting therapeutic
outcome or disease prognosis and in evaluating and
monitoring immune status of patients. A plurality of
total markers can be measured, such as total CD4
antigen and total CD8 antigen. In a preferred
embodiment in relation to AIDS, assays are.tonfigured



Abs.

CD4[err] T cells/mjerr] = WBC x % Lynphocyte x % CD4+REP§M}EMENT SHEET

WBC (White blood cell count) was determ ned using a hemacyjo 9%
Lynphocyte was determined by a differential count, and %CD{+{T *Rnwgﬁe
determ ned using the Otho cytoflurograpﬁsll and Leu-3a (apt &Eﬁ)

f1 uor escei n-conj ugat ed anti body (Becton Di cki nson, Muntai i View. CA-)

such that total CD4 and total CD8 antigens can be
measured simultaneously.

As used herein, the term "total" shall mean the
total amount of the marker present in the sample.
For example, in a particular sample such as a sample
that comprises whole blood, the total marker includes
the amount of marker present in the cell membrane,
intracytoplasmic and soluble serum compartments. The
soluble compartment can include both spontaneously
released soluble marker as well as soluble
recombinant markers that may have been administered
as a therapeutic treatment. In another sample, such
as in a sample that comprises cells in tissue
culture, the total marker includes the amount of
marker present in the membrane, intracytoplasmic and
cell culture media compartments of the sample. 1In
yet another embodiment in which the sample comprises
a tissue, e.g., a biopsy specimen, the total marker
includes the amount of marker present in the
membrane, intracytoplasmic and interstitial
compartments.

As used herein, the term "compartment" modified
by membrane, intracytoplasmic, and soluble elements
of a sample refers to the total amount of all
membrane, the total amount of intracytoplasmic
contents, and the total amount of soluble material
included in the sample.

As used herein, the term "leukocyte marker"
refers to an antigen or polypeptide found on the cell
surface of a leukocyte. Such markers include but are

. not limited to cell surface antigens, CD (clusters of

differentiation) antigens, receptors, or other cell
surface polypeptides or prdfeins. The term leukocyte
marker is further intended to include an
immunologicaly active fragment, e.g., an epitope, of
the foregoing molecules. The leukocyte Jarkers for
detection according to the present invention, and the
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Measurenment of total CD4 antigen in whole blood. This study

t'o determ ne whether detergent treatnggt of whole bl ood woul i el d
reliable measurenments of total CD4 anfigen in a CD4 i munoassjayl B3mMARs1987
whol e bl ood were treated with a 6x detergent solution using rlati o of 20

[err]] detergent to 100 [err]l anticoagul ated whol e bl ood. Sgrial dilutions

were made of the t € ' S cogt.aining

decr easi ng %ﬂﬁ)‘iﬁﬁi{;lao%? ] o% W%g%#?sﬁzggégn% eis(&agfe t hen anal yzed
in the CD4 qsmwearizedicireTabie vhibh SRFEAODN3- br oBUREA- valBes that were
l'inear wth, i& UnBddfentSs the PegRYcyealhdrkati eanbpeane saturat ed

wi th excesscm ’ ’cr;tsheoro%t I<§:e81|.1 daexgltszj.égn Vz@éggpstor (TCAR) .

As used herein, the term "leukocyte" refers to
the usual meaning of that terms, i.e., immune
associated cells derived from hematopoietic stem
cells, such as lymphocytes (B cells and T cells) and
myeloid lineage cells (neutrophils, macrophages,
eosinophils, megakaryocytes, erythrocytes, mast
cells).

As used herein, a "sample" refers to a collection
of cells in the milieux in which they were obtained,
i.e., a biological fluid, or to membrane and/or
intracytoplasmic components of the cells. Total
leukocyte antigens may be measured in samples derived,
from a biological fluid, e.g., whole blood, plasma,
serum, blood cells, saliva, urine, synovial fluid,
pleural effusions, tumor and tissue infiltrates,
amniotic fluid, spinal fluid or cranial fluid. 1In
another embodiment, the biological fluid may be cell
culture fluid. The sample can comprise tissue,
including interstitial fluid. Preferably when the
sample is a tissue sample, the tissue is treated to
disrupt the connective tissue matrix, e.g., by
trypsin digestion or homogenization. In another
embodiment, the sample comprises cells derived from
the foregoing sources.

5.1. DETECTION AND MEASUREMENT OF
TOTAL LEUKOCYTE MARKER

The total amount of a leukocyte marker exists in
three compartments: the membrane, intracytoplasmic
and released/soluble compartments ("total leukocyte
marker”). The invention includes immunoassays that
simultaneously measure the total amount of a -
leukocyte marker present in all three compartments or
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cellular components (step 1). The preferred method
of solubilizing the cells in the sample without
‘interfering with immunospecific binding is to treat

the cells with a concentrated non-ionic detergent or
detergents to lyse the cells efficiently, thus
forming a "detergent-treated”" sample. After the
cells have been lysed the detergent-treated sample is
diluted prior to assay.

Non-ionic detergents for use in present invention
include but are not limited to Triton X-100, Nonidet
P-40 (NP-40), Tween-20, CHAPS, to mention a few. 1In
a preferred embodiment, cells are solubilized with
Triton X-100, Nonidet P-40, Tween-20 and/or CHAPS.

In a more preferred embodiment, cells are solubilized
with concentrated detergent to give a final detergent
concentration of about 2% to about 4% in the
detergent-treated sample.

According to the invention, the total volume of
non-ionic detergent added to the sample should not
dilute out any leukocyte marker in the sample.
Preferably, the volume of detergent does not exceed.
about 25% of the sample volume; more preferably, it
does not exceed about 20%. The non-ionic detergent
or detergents can be added to the original sample
neat, or they can be prepared in a concentrated
solution. In addition to the non-ionic detergent or
detergents, the concentrated detergent solution can
comprise distilled water or buffer. The
concentration of non-ionic detergent or detergents in
the solution will preferably be 5 times, and more
preferably 6 times the final concentr¥ation of the
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non-ionic detergent or detergents after addition to
the sample, i.e., in the detergent-treated sample.

In an even more preferred embodiment, more than
one non-ionic detergent is used to lyse the cells.
For example, a high concentration of Tween-20 and
priton X-100, or Triton X-100 and NP-40, or NP-40 and
Tween-20 can be used. The concentration of each
detergent ranges from about 1% to about 2% after
addition to the sample; the total concentration of
detergent in the detergent-treated sample ranges from
about 2% to about 4%. More preferably the total
detergent concentration ranges from about 2% to about
3%; and even meore preferably from about 2% to about
2.5%. In a specific embodiment, the final detergent
concentration in the sample is 1.5% Triton X-100 and
1% NP-40. This is concentration preferred if both
CD4 and CD8 are to be assayed.

In another embodiment, the detergent
concentration is a concentration that inactivates
virus, especially HIV. It is a particular advantage
of the invention that the lytic concentration of non-
ionic detergent, such as the preferred ranges set
forth above, is also a virus-inactivating
concentration.

Other methods of solubilizing cells, e.gq.,
repeated freeze-thaw cycles, sonication, hypotony, or
the addition of lower concentrations of detergents,
are not as effective. 1Ionic detergents such as SDS
are not effective, since SDS interferes with the
subsequent antibody-anfigen binding.

After solubilization for at least about one
minute, preferably for about one to about five
minutes, the sample is diluted with buffer (step 2)
Prior to analysis in an immuncassay. The dilution
can be 2-fold; preferably it is 5-fold or greater.
The buffer is chosen to be compatable with the
immunoassay for detecting the leukocyte antigén.
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Buffers preferred for various immunoassays are well
known in the art. 1In a specific embodiment, sample
buffer is 1% bovine serum albumin, 0.25% NP-40 and
0.01% thimerosal in phosphate buffered saline (PBS).

The present method is not limited by the amount
of sample available. In one embodiment, about 100 ul
of a detergent-treated sample of whole blood may be
assayed for total leukocyte antigen. In a more
preferred embodiment, about 2.5 to about 25 ul of a
detergent-treated sample of whole blood may be used.
Similar amounts of a sample of culture suspension,
pleural effusion, or other biological fluid can be
used. The actual amount of sample assayed can be
varied by adjusting the dilution factor.
Determination of specific parameters can be
accomplished by a simple dilution series assay, and
is well within the level of ordinary skill in the
art.

Furthermore, a solubilized sample may be stored
frozen so that samples taken at different times may
be assayed in a single experiment. 1In one
embodiment, the sample is stored at about -20'C. 1In a
preferred embodiment, the sample is stored at about
=70°C.. .

_ Any method of detecting and measuring leukocyte
antigens may be used in the practice of this
invention. Such methods include but are not limited
to éompetitive and non-competitive assay systems
using techniques such as radioimmunoassays, ELISA
(enzyme linked immunosorbent assay), "sandwich"
immunocassays, immunoradiometric assays, fluorescent
immunoassays, and protein A immunoassayg, to name but
a few. U.S. Patents Nos. 4,845,026, issued July 4,
1989, entitled "Assay Systems for Detecting Cell-Free
T Cell Antigen Receptor Related Molecules and’
Clinical Utilities of the Assays" and No. 5;306,459,
issued April 9, 1991, entitled “"Therapeutic and




é 0.928 0.472 51% 3 0. 833 REFEACEMENT SHEET

51% * 10 [err]| of detergent treated 'whol e bl ood preparef Femreraat—
uncoagul ated whole blood ** 5 [err]l of the anti-CD4 coatin 1n%#§gﬁx fégyn
the CD4 assay was al so added to conpete3or binding. péri R1
Enuneration of cell nunber using total CD4 values. This study yas dopne 10
determ ne whether the measurenent of total CD4 levels in treated whol e

bl ood sanples would correlate with absolute CD4 positive cel k--punbers. - -

Data i n Fi gupaagnastdfsMeiheds VUsingsScdahle & Hak: BHLaR rel ation

Molecules" teach preferred methods of immunoassay.

Their teachings are incorporated herein by reference.
In a preferred embodiment, a sandwich enzyme
jmmunoassay can be used. One description of such an
embodiment follows: An antibody (capture antibody,

Abl1) directed against the leukocyte marker is
adsorbed onto a solid substratum. The leukocyte
marker present in the sample binds to the antibody,
and unreacted sample components are removed by
washing. An enzyme-conjugated antibody (detection
antibody, Ab2) directed against a second epitope of
the leukocyte marker binds to the antigen captured by
mAbl and completes the sandwich. After removal of
unbound Ab2 by washing, a substrate solution is added
to the wells. A colored product is formed in
proportion to the amount of antigens present in the
sample. The reaction is terminated by addition of
stop solution and absorbance is measured with a
spectrophotometer. A standard curve can be prepared
from known concentrations of the leukocyte marker,
from which unknown sample values can be determined.
In a preferred embodiment for the measurement of
total CD8 antigen levels, anti-CD8 mAbs 4C9 and 5F4
can be used as the capture and detection antibodies,
respectively, in a sandwich enzyme immunoassay; in a
more preferred embodiment, a CELLFﬁQEO CDh8 assay (T
‘Cell Sciences, Inc., Cambridge, MA) can be used
(described in U.S. Patent 5,006,459; gee Section 8,
infra). 1In a preferred embodiment for the
measurement of total CD4 antigen levels, anti-CD4
mAbs 8F4 and R2B7 can be used as the capture and
detection reagents, respectivély, in a sandwich
enzyme immunoassay; in a more preferred embodiment, a
CELLFREE® CD4 assay (T Cell Sciences, Inc.,
Cambridge, MA) can be used (described in ~
International Patent Publication WO 90/04180; see
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Sections 6 and 7, infra). In a preferred -embpdiment T
for the measurement of total Vé1 antigen levels, ’
anti~-TCRS mAbs TCR§1 and 8TCS1 can be used in a
sandwich enzyme immunoassay.(see Section 9, infra).
In a preferred embodiment for the measurement of
total f TCR antigen levels, anti-gTCR mAbs SF1 and W4
can be used in a sandwich enzyme immunoassay (see
Section 10, infra). The foregoing antibodies have
been deposited with the ATCC, as described in Section
10, infra.

Various procedures known in the art may be used
for the production of antibodies to leukocyte marker.
Such antibodies include but are not limited to
polyclonal, monoclonal, chimeric, single chain, Fab
fragments and an Fab expression library. For the

production of antibodies, various host animals,
including but not limited to rabbits, mice, rats,
etc., may be immunized by injection with a leukocyte
marker. In one embodiment, leukocyte marker may be
conjugated to an immunogenic carrier. In another
embodiment, leukocyte marker epitope, e.d., a hapten,
is conjugated to a carrier. As used herein, an
"epitope" is a fragment of an antigen capable of
specific immunoactivity, e.g., antibody binding.
Various adjuvants may be used to increase the
immunological response, depending on the host
species, including but not limited to Freund's
(complete and incomplete), mineral gels such as
aluminum hydroxide, surface active substances such as
lysolecithin, pluronic polyols, polyanions, peptides,
oil emulsions, keyhole limpet hemocyanin,
dinitrophenol, and potentially useful human adjuvants
such as BCG (bacille Calmette-Guerin) and

Corvnebacterium parvum. )
Monoclonal antibodies to leukocyte marker may be

'prepared by using any technique which provides for
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using the technique (Kosbor et al., 1983, nology To

4:72) and the EBV-hybridoma technigue (Cole et al.,

1985, Monoclonal Antibodies and Cancer Thera
R. Liss, Inc., pp. 77-96). In an additional

, Alan

embodiment of the invention, monoclonal antibodies

specific for leukocyte marker may be produced
germ-free animals utilizing recent technology

in

(PCT/USQO/02545). According to the invention, human

antibodies may be used and can be cbtained by

using

human hybridomas (Cote et al., 1983, Proc. Nat'l.
Acad. Sci., U.S.A. 80:2026-2030) or by transforming
human B cells with EBV virus in vitro (Cole et al.,

1985, in Monoclonal Antibodies and Cancer Therapy,

Alan R. Liss, pp. 77-96). In fact, according

to the

invention, techniques developed for the production of

"chimeric antibodies" (Morrison et al., 1984,

Proc.

Nat'l: Acad. Sci. U.S.A. 81:6851-6855; Neuberger et

al., 1984, Nature 312:604-608; Takeda et al.,

1985,

Nature 314:452-454) by splicing the genes from a
mouse antibody molecule specific for leukocyte marker

together with genes from a human antibody molecule of
appropriate biological activity can be used; such
antibodies are within the scope of this invention.

According to the invention, techniques described

for the production of single chain antibodies
Patent 4,946,778) can be adapted to produce a

(U.s.

leukocyte marker-specific single chain antibody. an
additional embodiment of the invention utilizes the
techniques described for the -construction of Fab
expression libraries (Huse et al., 1989, Science
246:1275~1281) to allow rapid and easy identification

~
™
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control group were used to determ ne the2fotal CD4 antigen vpl ues. The
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sanpl es on the day of the CD4 assay. Both Figures 3 and enpnstrate a

statistically significant correlation between total C4 antiben measured 1 n

the assay andofhamonmcilon@M[Rab |fragnents{with the desired
specificity for leukocyte marker.

Antibody fragments which contain sites specific
for leukocyte marker may be generated by known
techniques. For example, such fragments include but
are not limited to: the F(ab')2 fragments which can
be produced by pepsin digestion of the antibody
molecule and the Fab fragments which can be generéted
by reducing the disulfide bridges of the F(ab')2

fragments.
The above-described method can also be used to
assay any total leukocyte surface marker, e.g., the

markers described in Sections 2.1 supra. For
example, and not by way of limitation, total CD4,
total CD8, or total TCR may be measured in the
practice of this invention. In another embodiment, a
plurality of two or more total leukocyte surface
molecules or markers can be measured. In yet a
further embodiments, the relative amount of one
marker can be compared to another.

5.2. ENUMERATION OF LEUKOCYTES
POS VE _FO

The measurement of a total leukocyte marker
according to the invention provides a method to
enumerate the number of leukocytes that are positive
for the leukocyte marker in a sample. In another
embodiment, the activity of a leukocyte marker in an
assay can be compared to the activity of a standard
that comprises a known number of cells positive for
the leukocyte marker. '

This aspect of the invention is based on the
discovery that the total leukocyte marker level in a
sample, which is proportioned to the activity of the
leukocyte mark in an assay for the leukocyte marker,
correlates directly with the number of cgils positive
for that marker. As shown in an Example, infra

e —— t —
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6. 3. DI SCUSSI ON As descri bed herein, we have devel oped a tﬁo% Mﬁgt
ale blood
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nmeasures the level of total CD4 antigen in a patient sanple.

sanpl es were detergent treated | |
one-step, three (eeetirBr il .t %\%ggagg%ﬁgt gg#gge?hgpét%t a

coul d be detect eg4sncahbs gletermined according to the present
jnvention and the number of cells determined by

f1uorescence-activated cell sorting (FACS) has a
correlation coeffecient of 0.946, which indicates
that enumeration of a leukocyte marker-positive cell
py the total leukocyte marker method of the invention
can be as reliable as enumeration by flow cytometry.
Furthermore, as pointed out in the Summary of the
1nvention, supra, the present methods do not require
complicated sample preparation, careful storage
conditions, or expensive analytical equipment.

In another embodiment, the amount of leukocyte
marker in the membrane and/or intracytoplasmic
compartments of a sample, i.e., not including soluble
leukocyte marker, correlates with the number of cells
in the sample. As shown in an Example, Section 8
infra, the correlation between the number of cells
positive for a leukocyte marker and the amount of
leukocyte marker in the membrane and intracytoplasmic
compartments is good.

According to the present invention, the number of
cells positive for a leukocyte marker in a sample can
be determined by (1) determining the total amount of
leukocyte marker in a sample, and (2) calculating the
total number of cells positive for the leukocyte
marker from the total amount of leukocyte marker. 1In
one embodiment, the calculation can be made by
extrapolating from a standard curve of total
leukocyte marker versus total number of cells
positive for the leukocyte marker. In another
embodiment, a formula can be derived from a standard
Curve, and the total amount_of leukocyte marker
Plugged into the formula. In yet another embodiment,
only the activity of the assay for a total leukocyte
marker is used to calculate the total number of cells
Positive for the marker. In this embodiment, the
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straightforward methods to calculate a standard. 1In
one embodiment, the total amount of leukocyte marker
relates to the total number of cells positive for the
marker. In a more preferred embodiment, a linear
regression analysis of the total leukocyte marker to
total cell number positive for the marker is
performed. The linear regression analysis can yield
a straight line curve, an estimate of error, and a
formula for calculating total cell number from total
leukocyte marker amount.

In another embodiment, the activity of the
1eukocyté marker in the detergent-treated sample can
be detected by immunological detection means and
compared with an assay of a known amount of leukocyte
marker in a standard sample, and the number of cells
positive for the leukocyte marker determined from the
comparison. In a more preferred embodiment, the .
activity in an assay of the leukocyte marker in the
detergent-treated sample can be compared with the
activity in an assay of the leukocyte marker in a
standard containing a known number of cells positive
for the marker, and the number of cells positive for
the leukocyte marker in the sample determined from
the comparison.

In another embodiment, the correlation of total
leukocyte marker with cell number positive for that
marker can be corrected for an excess amount of
leukocyte marker in the soluble or total compartment.
The amount of soluble leukocyte marker can be éssayed
by the same immunclogical detection means, e.g.,
using the same immunoassay. The amoun:'of soluble
marker can be subtracted from the amount of total
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di fferent groups of H V-infected inQEV|duaIs and normal s. Botﬁ*tﬁﬁﬁﬁrrgaﬁg-
yi el ded statistically significant coOrrel ati ons between totaj :D1 ﬁrMAmqgw
val ues and total CD4[err] T cells/m®8 (r=0.86 and 0.87). Slnge'the
measurenent of total CD4

The corrected cell-associated leukocyte

marker-

rker value can correlate more accurately with the
a
m .11 count. In a specific embodiment, the total

number of CD8+ cells correlates with the total amount
of CD8 minus soluble CD8 (see Section 8, jnfra).

in preparing a standard, total cell number can be
mdependently determined by any means known in the
art, €.9.s FACS, immunofluorescence microscopy, and
complement lysis assays, to mention a few. 1In a
preferred embodiment, the independent total cell
number is obtained by FACS.

A total CD4 assay may be used to estimate the
member of CD4" T cells in a patient sample. The
estimate of the number of CD4* T cells in a sample
can be used for diagnosis or monitoring of a
therapeutic treatment, e.g., for AIDS patients.

In a preferred embodiment, CD8* cells can be
enumerated by measuring the total amount of CD8
antigen in the sample and subtracting the amount of
soluble CD8 antigen in the same sample. Such an
analysis yields information on both the immune system
activation and the CD8* cell count.

In yet a further embodiment the total number ‘of
T cells positive for af or yé§ TCAR can be determined.
Similarly, the total number of T cells positive for
subsets of Va, VB, Vy or Vé can be determined. Thus,
whole blood samples can now be analyzed quickly,
safely and reliably for the number of specific
subsets of T cells.

5.3. XITS
The reagents necessary for the practice of the

Present invention can be conveniently provided in a
kit. The essential elements of a kit of the
invention are a concentrated non-ionic detergent
Solution and a means for immunologically detedting
the presence of an antigen.
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detection means are a first capture antibody specific

for a leukocyte marker, and a second detectable

antibody specific for the leukocyte marker. The

first antibody can be provided on a solid support,
such as a glass or plastic bead, membrane, a plastic
stick, a microwell, a glass or plastic test tube, or
other solid supports known in the art for
immunoassays. Alternatively, the first antibody can
be provided for later immobilization. The first and
second antibodies can be provided as a lyophilized
preparation for reconstitution, or as a concentrated
solution. The second antibody can be detectable by
labeling means. In a preferred embodiment, the
labeling means is an enzyme.

The detergent solution is provided in a container
having sufficient volume to hold the amount of
solution necessary for the number of assays
contemplated by the kit. Preferably the detergent
solution comprises two or more non-ionic detergents.
In a preferred embodiment, the detergent solution
comprises 9% Triton x-100 and 6% NP-40 in distilled
water. That particular detergent concentration is
optimum with respect to an assay for both CD4 and
CDs8.

Preferably the kit comprises a leukocyte marker
standard, either in solution or lyophilized for
reconstitution. More preferably, the kit comprises a
standard comprising a known number of cells positive
for the leukocyte marker of interest. Thus, the
activity in an assay for the leukocyte marker in an
unknown sample can be directly compared with a known
sample, and the number of cells in the unknown sample
that are positive for the leukocyte margér enumerated
thereby.
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attacnment of a 1abel to the antibody. For example,

4hen the label is an enzyme, the kit can provide the
enzyme substrate. The kit can also provide a
gilution buffer, in final concentration, high
concentration for dilution, or dry for
reconstitution.

In yet a further embodiment, a kit provides
jmmunological detection means for more than one
jeukocyte antigen. 1In a preferred embodiment, the
kit comprises immunological detection means for both

cp4 and CDS8.

5.4. METHODS OF DIAGNOSIS AND
MONITORING OF A SEAS

5.4.1. METHODS OF DIAGNOSIS

In another embodiment of the present invention,
measurement of a total leukocyte marker can be used
to detect, diagnose or stage a disease or disorder in
a subject. The measured amount of the total
‘leukocyte marker is compared to a baseline level,
i.e., the amount of total leukocyte marker in normal
individuals. This baseline level can be the amount
which is established to be normally present in the
body fluid of subjects prior to the onset of disease
or the amount present during remission of disease.

Disease or disorders which may be detected,
diagnosed or staged in a subject according to the
present invention include but are not limited to
those listed in Table III.

‘]




45 Triton X-100 or Triton X-100 with NP40. Any of the three detergents

al one was not as effective. The detergent treated sanple ( EéﬁggﬁﬁgﬁﬁﬂgFEET

plus 20 [err]| concentrated detergent) yielded-to a final ¢
det ergent concentration of 2.5% The optinmgly detergent sol u?n for
measuring both total CD4 and total CD 8 using the same con rhBeMAR 1997
detergent solution was 9% Triton- X100 and 6% NP40 (15%total jn the
concentrated detergent solution) which corresponded to 1.5% Trrton XI00 and

1% NP40 (2.5%total) in the treated samBLE [III0ot her experijpents. the fjinal
concentration of the detergents in the _ '
DISEASES AND DISORDERS WHICH MAY BE DETECTED AND/OR
DIAGNOSED AND/OR MONITORED IN A SUBJECT ACCORDING TO
THE PRESENT INVENTION

I. Infectious Diseases Induced by virus
- Herpesvirus
-~ Cytomegalovirus
-~ Epstein-Barr Virus
- HTLV~I
- HTLV~-III / LAV / HIV (AIDS)

II. ‘Cancer .
- B or T cell leukemia
HTLV-I- associated adult T cell leukemia
B or T cell lymphoma
Burkitt's lymphoma
Hairy cell leukemia
Sezary syndrome
Hodgkin's disease
Chronic lymphocytic leukemia
Non-Hodgkin's lymphoma
B-cell acute lymphoblastic leukemia
Solid tumors

III. Autoimmune Diseases
= Rheumatoid arthritis
- Diabetes
- Multiple sclerosis
- Systemic lupus erythematosis

IV. Organ Allograft Rejection

The methods for detecting diseases or disorders
based on the number of cells in a sample from the
patient that are positive for a leukocyte marker are
discussed in Section 2.3 supra and in the references
cited therein. Those methods can be practiced by the
present methods of the invention more cheaply and
easily than heretofore thought possible.

~ In one embodiment, the amount of total CD4
antigen can be used to enumerate CD4 positive cells
which in turn can be used to diagnose AIDS. In the
past, the diagnosis of AIDS was determined when a

.
“»



treated sanple was simlarly effective over a range of at Ieas-—&-@%ﬁ¥hhbanmn-
X100 conbi gd with 1-1.5% NP40. Ot her nethods of lysis, so HEBLA@&MENPII' SHEET
or disruption of cells including hypotonic treatnment with dist suwatrer
soni cation, or addition of detergent 3 |ower final concentrat o «!ofm 1897
one detergent at 1% concentration in the treated sanple) were [ef

found not effective. Step 2: After 5 mnutes, 100 [err] of {reate

sanple was diluted with 400 [err]l of dilution buffer to yieldla 1: 5
dilution. p&tient|whe]vasi HINrpogitdved demppissrafiedutCOH0 [ er r | Fof—whote

bl ood) was §§Qrfr@rc8§§hcé§ﬁﬁ¥ el ksoaheeﬁ%%mwm'ﬂré'éf%igegeﬁl:leomd whol e

bl ood voluﬂg err be neasured, since ulting val ues
fell mnthlﬂft%%er%ﬁg%° ¢ P E°§FHH&§F&°C&P¢G°tBPQGd v@hdses above or bel ow

these anmougésiniticwdofahDbs fibakxpetkeauts dhanle tanggwvef the standard
curve. positive in the presence of <200 cells/mm3 whether or

not opportunistic infections are present (see Section

2.3., supra).

Responses to viral infections can also be
monitored by measuring total CD8 levels in a patient.
For example, patients infected with herpes virus or
an AIDS virus can present modified levels of total
CD8. In other embodiments, total levels can be
measured in transplant patients, and used as a
diagnostic indication of allograft rejection.
Detection of increased levels of total CD8 can be
associated with rheumatoid arthritis and infectious
diseases such as EBV-induced mononucleosis.

Detection of elevated levels of a CD8 antigen can
indicate the involvement of significant numbers of
suppressor/cytotoxic T cells with a specific
pathological event, distinct from immune activation.
In yet another embodiment, the measurement of
total CD4 in a cell culture can be relied on as an
indication of the CD4* phenotype of the lymphocytes
present. For example, CD4* leukemias or lymphomas can
be classified using total CD4 antigen measurements.
In a further embodiment, the measurement of total CD4
antigen can be used to detect CD4* cells and to
enumerate them. Similar embodiments of the invention
include the measurement of total CD8 antigen to
classify CD8* leukemias or lymphomas, to detect CD8*

cells and to enumerate them.

5.4.2. (o] F ITORING ;
The present invention provides a method for
monitoring the effect of a therapeutic treatment on a



The inportance of step 2 is the dilution of the detergent concentration in

the treated sanple to prevent "stripping” in the following a
of signal. Sanples corresponding to 50 [err]l of whol e bl ood @ﬁm SHEET
poorly in the CD4 i mmunoassay because th&4resulting val ues. wefr g out si de the

assay range, 46 and jbef 3UMAR! 1997

det ergent concentration was

subject who has undergone the therapeutic treaﬁggpt.

This method comprises measuring at suitable time
intervals the amount of a total leukocyte marker.
Any change or absence of change in the amount of the
total leukocyte marker can be identified and
correlated with the effect of the treatment on the
subject.

In one embodiment, total CD4 can be measured
(and CD4* cells enumerated) and used in the
prediction of therapeutic outcome of AIDS patients
following administration of therapeutic compounds
such as AZT, interferon or CD4.

In another embodiment, total CD8 antigen can be'
measured and correlated with disease progression or
treatment outcome.

Measurement of total T cell antigen receptor
can be especially useful in monitoring the
effectiveness of treatment with agents such as T cell
receptor specific antibodies. In specific
embodiments, the total TCR antigen in a specific
subset of T cells expressing specific variable
regions can be measured and correlated with treatment
outcome.

The therapeutic treatments which may be
evaluated according to the present invention include
but are not limited to radiotherapy, drug
administration, vaccine administration,
immunosuppreésive or immunoenhansive regimens, etc.
The immunosuppressant regimens include, but are not
limited to administration of drugs such as
Cyclosporin A, chlorambucil, cyclophosphamide, or
azathioprine, and anti-T cell antibody such as
anti-T3 monoclonal antibody, anti~T cell antigen
receptor antibody, and anti-thymocyte globulin, etc.
The immunoenhansive regimens include, but are not
limited to administration of interleukin-1,



"disruptive to the antibody sandwi ch formation or stability.
Sanpl es were stored at -70[err]C prior to assay. The sanples
.in the one-step sandw ch i munoassay as described in section
val ues were determined froma standard casve. Standards were dol ub|3 MAR 199?
reconbi nant CD4 antigen prepared by renoving the transnmenbrang rjegi on of
the CD4 gene, foll owed by expression of the truncated gene in mamall an
cells and recovery of reconbinant CD4 antigen in the supernaténLuaLJJa —
cell culture (sgaténteukinttnndintiexilenkifad| andtother \RERIQ1 ToéwsEhd
W89/ 02922) . rors. 7.2. EXPERI MENTAL RESULTS Experinment 5. A
standard curve For the total CD4 antigen nmethod was generated using culture
supernat ant contai ni ng reconbi nant CD4 receptor (see
5.4.3. METHODS OF DIAGNOSIS OR MONITORING
OF THERAPY BASED ON DETECTION OF
PLURAL UKOCY S

The present invention also provides for the

detecting or diagnosis of disease, or the monitoring
of treatment by measuring a plurality (at least two)
of total leukocyte markers. For example, a plurality
of T cell markers either in total form, for example
but not limited to CD4 and CD8, and TCAR to mention
pbut a few, can be measured to diagnose, detect, or
monitor treatment of diseases or disorders. Such
diseases or disorders include those indicated in
Table III. Total marker levels can represent a
measure of immune system function, paralleling
disease course or treatment efficacy. In a preferred'
embodiment, the prognostic indicator is the observed
change over time in different marker levels relative
to one another, rather than the absolute levels of
the markers present at any one time. Since CD4, CD8
and TCAR are indicators of the immune system
function, they should provide a much improved measure
of the relative health of the immune system during
various stages of disease or disorders.

In a particular embodiment, diseases and
disorders caused by HIV (the causative agent of AIDS)
infection may be monitored by measurements of a
plurality of leukocyte surface markers. AIDS
therapies include the treatment of AIDS patients with
drugs such as A2T (azido~-deoxythymidine), ¥ or g8
interferons, and with soluble CD4, or its fragments
and derivatives. In another embodiment, the efficacy
of potential AIDS vaccines, such as gpl20 peptides
can be tested by monitoring a plurality of markers.
Practitioners in AIDS therapy very much nefg a

™



flgure 5). For the assay configuration used, the standard ran
determined to be 0 to 200 units/[err]l with a correlation coe REBL&G&MENT SHEET
0. 999. Experiment 6: Specificity of the assay for the CD4fafittyemn:
Bl ood sanmpl es were drawn from 4 normal volygnteers and treated}ap iqLA@mgﬂuﬁ
sanple fromeach was anal yzed for white blood cell count and {if§f I
(the percentage of WBCs that were | ynphocytes; see the fornul fp HieSectiG R
6.1.2). The rest of the sanple was divided; one-half was depl gted of

CD4[err] cells bprabedupsithatiddh e hsWtombndtG)ymm:(W -

Great Neck, N.Y. %n&@é'&é%é}&cﬁg\e“ &h?acc asgnt.i.gaagge Ty cfabtseq,ffand

untr eat ed sanples were agaln one fraction apa | ow

cytometry while the Bthetnthiaen R24 davespay PRevVed:Seneiy ﬁﬂ%“?
positive cell nulbeal weB4 ardXatidiedd totnlheDahcar e absktexidd dount,

lynphocyte diffegepliftectlld R GEIFPUS R atPPeféht Snanitestations

of disease, providing a sensitive immunoassay to

monitor AIDS therapies and vaccines. The measurement
of total CD4 and total CD8 is an inexpensive and easy
immunoassay format and is a valuable clinical tool
for predicting disease prognosis and treatment
outcome in AIDS patients. Detection of total CD4 and
CD8 according to the method of the invention antigen
provides a particularly useful way to follow HIV
infection and AIDS therapy since the relative level
of CD4 positive T cells decrease dramatically
relative to the total number of CD8 positive cells in
the progress of AIDS etiology.

In a preferred aspect, the approach that can be
taken is to determine the levels of total CD4 and
total CD8 levels in longitudinal time studies and to
compare these values with a baseline level. The
baseline level can be either the level of the marker
present in normal, disease-free individuals or the
level present in a patient prior to treatment, during
remission of disease, or during periods of stability.
These levels can then be correlated with the disease
course or treatment outcome.

The present invention also provides for the
detection or diagnosis of disease or the monitoring
of treatment by measuring the amounts of total
leukocyte marker and of soluble leukocyte marker in a
sample and comparing the two measurements. The
change in the levels of the leukocyte markers
relative to one another cah be an improved prognostic
indicator. 1In one embodiment, the level of soluble
CD8  (a measure of immune system activation, see
International Patent Publications WO 874?5912
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47 by flow cytonetry using the fornula described in section 6gd~2wthe
conpari son of CD4 positive cell nunber to total CD4 antigen is BEPEA EMENT SHE 1

Tabl e V.
Total CD4 Antigen

Fractions Depl eted Fractions

e

TABLE V. Specificit tirmiettin
Assay fom7CD4 Antigen U tr'%at% 1897

published October 8, 1987 and WO 90/04180 publlshed*~mma-. -
april 19, 1990) is compared with the level of CD8
antigen obtained by subtracting the amount of soluble
cp8 antigen from the amount of total CD8 antigen
(e.g., the difference yields cell membrane bound plus
cytoplasmic CD8, which is equivalent to cell-
associated total CD8). Such a comparison gives
information on the relative level of immune system
activation and on changes in the number of cells in
the CD-positive cell subset, both useful in the
monitoring of disease progression or treatment. In a
preferred embodiment, both the soluble and total CD8
antigen levels can be determined using one
immunocassay configuaration, but with different sample
treatment before assay.

The instant invention will be further clarified
by the following Examples, which are provided as
purely exemplary of the invention and are not
intended as limiting of the invention.

6. EXAMPLE: A TOTAL CD4 ANTIGEN ASSAY

The present example demonstrates the
development of an assay that correlates total CD4
values with the number of CO4* T cells in a sample.

6.1. RIA D METHODS
6.1.1. SAMPLE PREPARATION

Ssamples. Patient samples included 26
sero-positive HIV-infected individuals and 13 healthy
adult volunteers. Blood was obtained by venipuncture
into a blood collection tube.

Sample Treatment. Prior to assay, whole blood
samples were treated as follows.

L



Fl ow Total CD4 Fl ow Total CD4 Cytonetr Antigen

Cytonetry tigen cells/[err]l units/[err]l cel | REEHNQHWENT SHEE?

units/Jerr]l 1 71 320 0 7 2
445 0 11.5 3 1109 38 345 A
15 12 395 45 15  Both the ff thIB,B?

and the total CD4 nethods indicated the renoval of CD4 positiVe
all depleted fractions indicating that the assays were specifijc for the
recept or. ExpeStemnl: 7: Assay dilution and linearity. This-study-was. .

done to further verifyiggspy Genghtiubhiudbisheptbagdyis Peasvhbos-as Ml

vol unt eers were coIIected a portion of each was depleted of
CD4 positive ceHs¢hQ>hk90@ egllhetsanptnhelhudnmlkﬁdoWdth 28 Kkdepft he

sanpl e matrix as NAEdnESaPesSER! Get SRGBHES (U8' PrREBR2%EY0BS26% NP-40
in distilled water) in a 12 x 75 mm glass tube.
This mixture was then incubated for one minute at
room temperature. After one minute the treated
sample was either used in a CD4 immunoassay or stored
at -70'C until assayed. Samples stored at -70C were

from

allowed to thaw at room temperature before use.
Step 2:

" Prior to assaying the treated samples in a CD4
immunoassay, the samples were diluted as indicated in
the results section with sample buffer (1% bovine
serum albumin, phosphate buffered saline, 0.25% NP-40
and 0.01% thimerosal) to dilute the concentration of
detergent. Total sample volumes added to the
immunoassay were maintained at 50 ul.

6.1.2. CD4 TIMMUNOASSA

Total CD4 antigen was measured in a CD4 specific
immunoassay (see International patent publication
WO 87/05912 published October 8, 1987) involving a
one-step, three hour format using microtiter plates
that had been érecoated with capture antibody
overnight. Briefly, each well of a 96 well
microtiter well plate was coated with 100 pl of

murine anti-CD4 coating antibody in
phosphate-buffered saline (PBS) overnight at 4°cC.

Any remaining protein~binding sites were blocked with
300 pl per well of blocking buffer (0.5% casein,
0.008% NP-40, 0.005% EDTA in PBS) for 2 hours at
37°C. The wells were washed three times with 350 w1l
per well of wash buffer (PBS, ph 7.4, with 0.05%

Tween 20). After aspirating the final wash buffer
from the wells, 50 ul of horseradish peroxidase (HRP)



and at 1/2, 1/4 and 1/8 dilutions with concentrated det er gent—
the CD4 i mmunoassay. Table VI shows the results of this explﬂEﬁMﬂGHMENi SHECT
di fferent sanples. Values are presented ‘as raw data as run i LHU assay:

The zero val ue represents the assay val gg obtained for the f]?dwigg?n
used as sanple diluent. This value is included in the cal culjatjo
expect ed val ues. 48 g
njugated murine monoclonal anti-human CD4 antibody B et
co
n PBS with 15% FCS and 0.15% NP-40) and 50 ul of
1

sample ©OF standard were added to each well of the
crotiter plate in duplicate. The combined volume

pi
of sample and HRP conjugated antibody was 100 ul.

samples and antibodies were incubated for 3 hours at
roon temperature. After washing the plate as
described above, 100 yl of OPD substrate (OPD
tablets, BioDesign Intl, Catalogue # A45104T,
dissolve 1 tablet in 4 ml citrate buffer-peroxide,
pioDesign Intl, Kennebunkport, Maine, .Catalog number
A45105B) was added to all the wells and incubated for
30 minutes at room temperature. At the end of this
last incubation, 50 ul of 2 N H,SO, was added to each
well to stop the reaction and absorbance of each well
was read at 490 nm. Results were plotted as values
obtained for each sample at 0.D. 490 against total
cp4* cells/mm’ or sample volume. Correlation
coefficients were calculated using linear regression
analysis.

Whole blood samples from normal and HIV-infected
patients were assayed for absolute CD4* T-cells/mm’
using the formula:

Abs. CD4* T cells/mm’ = WBC x % Lymphocyte x % cD4*
T cells.

WBC (White blood cell count) was determined using
a hemacytometer. % Lymphocyte was determined by a
differential count, and %CD4* T cells were determined
using the Ortho cytoflurograph II and Leu-3a
(anti-CD4) fluorescein-conjugated antibody (Becton
Dickinson, Mountain View, CA.)

)




TABLE VI

|

i

Units Units
Recovery 585
35 35.5
114 1:8
586 Neat

51 -114
1:8 22
Neat 79
91 1: 4

24 92

Dilution and Linearity of Assay Sanple o
Per cent Detecte(lR g@éﬁ@ih'SHEﬁT
Neat 64 64 100 1:2
99 1:4 4024 21 13 MAR 1997
14 14 100 ) 7
89 89 100 1:2 58
1:4 34 31 F.110
21 6.2, (OEXPERIMENTAL RESULTS 11, 5 593
/®xperiment 1:10feasurementloZ total cp#Gntigen 41
in %%ole bloodZZThis stud ) a é:8 i 22
. y was conducted to determine

whether detergent treatment of whole blood would
yielad reliable measurements of total CD4 antigen in a
CD4 immunoassay. Samples of whole blood were treated
with a 6x detergent solution using a ratio of 20 yl

detergent to 100 pl anticoagulated whole blood.
Serial dilutions were made of these samples to
produce a series of samples containing decreasing
amounts of total CD4 antigen. These samples were
then analyzed in the CD4 assay to determine which
dilutions produced values that were linear with
sample dilution. As the assay configuration became
saturated with excess CD4, the optical density values
representing total CD4 values became nonlinear.

The results of this experiment can be seen in
Figure 1. Total CD4 preparations made from three
healthy volunteers were treated with concentrated
non-ionic detergent, and diluted in serial 1:2
increments (from 1/2 to 1/32).
maintained at 50 yl1 by dilution into sample buffer.

Sample volumes were

Linear regression analysis demonstrated that samples
containing less than 20 yl1 and preferably 5-10 gl of
detergent treated whole blood were optimal for total
CD4 measurement as they fell within the linear range.
Samples containing greater than 20 pyl of whole blood

saturated the assay and total CD4 could not be
accurately determined.

Experiment 2: Specificity of the total CD4
antigen measurement. The ability of an anti-CD4
antibody to block the total CD4 signal detected in
whole blood samples of three normal controls is
presented in Takle IV. The assay was run as
described above, except that before adding the
HRP-conjugated murine anti-CD4 monoclonal antibody to

-
»



0 16 598 Neat 63 63 1

40 39 103 1:4- 30 EPLACEMENT §'|!';ET
$é1599 1:8 26 21 124 0

Neat 69 69 100 112 199%
42 - 86 1:4 438 . 28 1(? MAR
1: 8 22 22 100 0 15660
Neat 65 - 65 100 1:2 . 36 40
90 1: 4 27 27 100 ~18
21 %%e wells, 5 pil08f the uncoRjugated mu#fne anti-CD4

monoclonal antibody used in the coating procedure was
added to the wells, followed by the HRP-conjugated
antibody. Samples were diluted with sample diluent
to a final volume of 50 ul. The unconjugated
antibody was able to block total CD4 detection by
50*; 51% and 51% in samples #1, 2, and 3,
respectively, at the level of competing antibody
used. This demonstrates the specificity of the assay
to detect total CD4. Other proteins released during
detergent lysis of the whole blood samples (such as
hemoglobin) did not interfere with the assay.

TABLE IV

SPECIFICITY OF TOTAL CD4 DETECTION IN DETERGENT
TREATED WHOLE BILOOD

O.D. 495

sample # 10 pl* 10 pl + anti-CD4** inhibitio

1 0.433 0.216 50%
2 0.928 0.472 51%
3 0.833 0.422 51%

* 10 pyl of detergent treated whole blood prepared
from normal uncoagulated whole blood

** 5 yl of the anti-CD4 coating antibody from the
CD4 assay was also added to compete for binding.

Experiment 3: Enumeration of cell number using
total CD4 values. This study was done to determine
whether the measurement of total CD4 levels in
treated whole blood samples would correlate WIth
absolute CD4 positive cell numbers. Data in Figure 2
demonstrate a statistically significant correlation
between total CD4 measured in whole blood sihples and
the total number of CD4* cells/mm’ of blood (r=0.904).



49
linearly in the assay. The assay background is <20 units.
sanples fall in tthe mddle of the assay range, so dilution
shoul d be rarely necessary. Experiment 8: Cell- enunerati
total CD4 nethod. This study confirnmed th&2 it was possible

These results indicate that normal whol e bl ood sanpl es di|
Ne

CD4 positive cells in whole blood by the total CD4 net hod.
cytonetry and total CD4 antigen_assays were run by Maryl and
Laboratory on ndiaRRleseasireshl 1m)|

volume of 50 ul from a total of five normal

otth f 1 ow
hry iwbdlca
s%%%?ﬁeﬁ%nF%bPeQBZe ofhan 24
hours ol d. Flow Ay YhcaPEd T REPE Bloda @YIGELaTRECE Fiaw

tq eh3mpiagt mgy

controls.

The normal range of CD4‘cells/mm® is 800-1000

cells/mm’.
lower than usual due to the fact that the WB

The normal values in this assay appear

C count

used to determine the number of CD4 cells/mm’® was
performed on the uncoagulated blood samples three

days after the CD4 assay was run. The relat

ionship

between total CD4 detected in the assay and the total
CD4* cells/mm’ for each individual was determined by
linear regression analysis and a statistically
significant r value of 0.904 was obtained. This
indicates that the measurement of total CD4 antigen
can be used to directly enumerate CD4 positive cells.

Experiment 4: Enumeration of CD4* cells
HIV-infected and normal individuals using
measurements of total CD4 antigen.

in

After the

properties of the total CD4 method were established
using healthy donors, further study was conducted to
establish a relationship between the total CD4 as

measured in the ELISA to the total number of
cells in HIV infected individuals.

CD4* T

The total CD4 antigen values of HIV-infected
individuals and normals were determined using the

total CD4 method on two separate occasions.

result of these experiments are presented in
3 and 4.
‘total
group
total
cells
samples on the day of the CD4 assay.

sample volume of 50 ul from either the

CDh4 antigen values.

The
Figures

Ten Yl of whole blood samples diluted to a

disease

or control group were used to determine the
The total CD4* cells/mm’
was determined on fresh uncoagulated blood

Both Figures 3 and 4 demonstrate a statistically
significant correlation between total CD4 antigen
measured in the assay and the total CD4* cells/mm® for




tometer; the CD4 i munoassay was read using a Ml ecul ar Dep+ees—y
E{ISA reader. Sanples with |ow CD4 positive cell counts were BEPkAGEﬁﬁﬁﬂ' EET
H V positive specinens. Cells were dually stained with anti - an
anti-CD2 antibodies in order to nmake sure that the cells counpt d}bg MARWS97
were CD4 positive T cells. Atotal of 9543anples (46 nor mal 9 _

abnormal ) were assayed for white blood cell nunber, |ynphocytie l—

differential, and percent CD2[err]CD4[err] cells by flow cytgnmetry and for_____

the amount mfthcshe,HiVrintretedmrenr i (Ringbensauarag) nandether CDA[err] T
| ynphocyt es.gisoalgrdus e@h&ﬁmté?.;&eéé) cpenE, odagbeanat bageand flow data

and conpared tq.the data obtajned fromjihe total CD4 nethod by |inear
regressi on.fofh%:'ﬁuﬁerﬁ b:ﬁﬁ’b‘#] T8RP YSHEL- of TRYURp| EReas: 46
Nor mal s measuC@sjenty Jofl twttdl Dheantigens £56m 146ergehts/[err]|
total CD4 gniia8ed whole 8¥§%d(gghufgﬁéf¥rgeflects the absolute

number of CD4* T-cells in whole blood for both normal
and HIV infected individuals.

6.3. DISCUSSION
As described herein, we have developed a method

that measures the level of total CD4 antigen in a
patient sample. Whole blood samples were detergent
treated and assayed using a CD4 immunoassay in a
one-step, three hour format. It was demonstrated
that total CD4 antigen could be detected in whole
blood samples of normal individuals by a simple
detergent lysis step and CD4 immunoassay. Optimal
detection could be measured using 10 gl or less of

detergent treated whole blood samples. Accurate and
reproducible measurements can be detained from 2.5 ul

to 5 y4l of whole blood. The detection of total CD4

antigen was specific as a murine anti-CD4 monoclonal
antibody was capable of blocking the total cD4
antigen signal when added to the assay format. The
release of other proteins during detergent treatment
of whole blood did not interfere with the specificity
of the assay. It was further demonstrated that the
total CD4 antigen values obtained in the ELISA
correlated with the total CD4* T cells/mm’ in the
whole blood of normal donors (r=0.9).

A comparison between the total CD4 antigen
obtained in the CD4 ELISA and the total number of
CD4* T Cells/mm* of whole blood yielded a
Statistically significant correlation in both-
HIV-infected individuals and normals. This ~
Comparison was determined on two separate océasions



49 Abnor mal s CD4+ T cell Nunber 1- 690 cells/ &y b,
CD4 anti gen 48- 295 wunits/ni The results of th ERhAGHMENT'SHEET
regression analysis are shown in Figure 6, where units/m frgmithe {otat

CD4 antigen nethod are conpared to cells/[err]l fromthe flo n S|

= g P Lerr] 1 8°Mag 1097

using two different groups of HIV-infected
individuals and normals. Both comparisons yielded
statistically significant correlations between total
CDh4 antigen values and total CD4* T cells/mm’ (r=0.86
and 0.87). Since the measurement of total CD4
antigen accurately reflects the number of CD4
positive cells, the total CD4 method can be used to
enumerate CD4 positive cells and to determine the
numbers of CD4 positive cells in disease diagnosis or
monitoring of treatment, etc.

7. EXAMPLE: ENUMERATION OF CD4 POSITIVE
LYMPHOCYTES IN PERIPHERAL BLOOD BY

THE TOTAL CD4 METHOD
This Example outlines further development and

characterization of the total CD4 method for
enumeration of CD4 positive cells. The method
consists of 3 steps: treatment of samples with

concentrated detergent, dilution of the concentrated
detergent lysate and CD4 immunoassay.

7.1. TERIA AND H

Samples: Ninety-five samples of whole blood were
collected in EDTA containing vacutainer tubes and
mixed thoroughly. Samples were analyzed for white
blood cell count and differential and CD4"
lymphocytes by flow cytometry.

Sample Treatment: Samples were treated as
described in section 6, except for the following:
Step 1:

1 volume of concentrated detergent solution was
added to 5 volumes of fresh EDTA whole blood,
followed by gentle mixing. Usually 100 pul of whole
blood was treated with 20 ul of detergent solution.

A comparison of detergents of various concentrations
indicated that the best results were obtained using a
combination of detergents such as TWEEN-20 with



The sl ope of the line (0.26) and Y-intercep (89:7) define the_linear

regression curve equation Y = 0.26X + 89.7, where the total
units/m is calculated to be 0.26 ting§ the total nunber of |c .PAGE&ENH}SHEET
plus 89.7. The correlation coefficient” for the conparison i . 946, mhlch

i ndi cates that enumeration of CD4 positi4® cells via the tofal 43 MA
nmethod is as reliable as the sane enuneration by flow cytongetiy.
7. 3. DI SCUSSI ON The quantitation_of receptor roteip.in tréated
sanpl es of MéF@nb¥668°h§§ Eééﬁ@h&m?opo%hew%l et} P%

for the enugptati aetetrgehntspalionevwas hplq)h@}dfﬁdﬁ:ﬁ&_.94@bhe For the
CoL9YCe! | BacBhobE  PEaRt et BogiS syl dshe S S0,
wi de range Ebocenbpatefl| detergent)oyieddedeso lan fimaloxombined
detergent concentration of 2.5%. The optimal
detergent solution for measuring both total CD4 and
total CD 8 using the same concentrated detergent
solution was 9% Triton-X100 and 6% NP40 (15% total in
the concentrated detergent solution) which
corresponded to 1.5% Triton X100 and 1% NP40 (2.5%
total) in the treated sample. In other experiments,
the final concentration of the detergents in the
treated sample was similarly effective over a range
of at least 1-2% Triton X100 combined with 1-1.5%
NP4O. '

Other methods of lysis, solubolization or.
disruption of cells including hypotonic treatment
with distilled water, sonication, or addition of

. detergent at lower final concentrations (e.g. one
detergent at 1% concentration in the treated sample)
were tested and found not effective.

Step 2:

After 5 minutes, 100 ul of treated sample was
diluted with 400 ul of dilution buffer to yield a 1:5
dilution. Fifty ul of this diluted sample (about 10
pl of whole blood) was used for each assay well. The
assay configuration allowed whole blood volumes of
5-25 ul to be measured, since the resulting values
fell within the range of the standard curve. Blood
volumes above or below these amounts yielded values
that fell outside the range of the standard curve.
The importance of step 2 is the dilution of the
detergent concentration in the treated sample to
Prevent "stripping" in the following assay and loss
of signal. Samples corresponding to 50 ul of whole
blood performed poorly in the CD4 immunoassay because
the resulting values were outside the assay range,
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assay. The samples were assayed in the one-step
sandwich immunoassay as described in section 6.

Total CD4 values were determined from a standard
curve. Standards were soluble, recombinant CD4
antigen prepared by removing the transmembrane region
of the CD4 gene, followed by expression of the
truncated gene in mammalian cells and recovery of
recombinant CD4 antigen in the supernatant of the
cell culture (see International Patent Publications
W088/01304 and W089/02922).

7.2. EXPERI T RESULTS

Experiment 5: A standard curve for the total CD4
antigen method was generated using culture
supernatant containing recombinant CD4 receptor (see
figqure 5). For the assay configuration used, the
standard range was determined to be 0 to 200 units/ul
with a correlation coefficient of 0.999.

Experiment 6: Specificity of the assay for the
CD4 antigen. Blood samples were drawn from 4 normal
volunteers and treated as follows: A sample from each
was analyzed for white blood cell count and
differential (the percentage of WBCs that were
lymphocytes; see the formula in Section 6.1.2). The
rest of the sample was divided; one-half was depleted
of CD4* cells by absorption with anti-CD4 coated
Dynabeads (Dynal, Inc. Great Neck, N.Y.) while the
other half was untreated. The depleted and untreated
samples were again divided and one fraction analyzed
by flow cytometry while the other was treated using
the total CD4 method. CD4 positive cell nuiber was
calculated from the white blood cell counE,
lymphocyte differential, and percentage of CD4 cells



8. EXAMPLE: ENUMERATI ON OF CD8 POsSI TI VE CELLS BY THE TOTAL
CD8 METHOD 8.1. MATERI ALS AND METHODS ;
sanpl-es included 49 sero-positive H V-infected individuals
adult volunteers with CD8[err] cell counts ranging from 28]t
cells/[err]l. Sanmpl e Treatnent: Wol 47bl ood sanpl es wefe pﬂ@g&wﬂ 1@9*7
described in Section 7, supra. Two hundred [err]l| of concgnfrate

detergent solution (9% Triton- X100 and 6% NP- 40) were added Tt

whol e bl ood. Fgly @icid aiinétry using the formula described in
section 6.1.2. The comparison of CD4 positive cell
number to total CD4 antigen is given in Table V.

g

TABLE V.
Specificity of the Total CD4 Antigen
Assay for CD4 Antigen

ntreated Fractions epleted Fractions
low Jfotal CD4 low fTotal CD4
ytometry Antigen Cytometry Antigen
# ells/ul Pnits/ul cells/ul nits/ul
1 1 320 0 7
2 P34 445 0 11.5
3 1109 345 40 15
4 P12 395 45 15

Both the flow cytometry and the total CD4 methods indicated
the removal of CD4 positive cells from all depleted
fractions indicating that the assays were specific for the
CD4 receptor. _

Experiment 7: Assay dilution and linearity. This study
was done to further verify assay sensitivity. Whole blood
samples from normal volunteers were collected in EDTA. A
and a portion of each was depleted of CD4 positive cells to
serve as the sample diluent in order to keep the sample
matrix as normal as possible. Samples were prepared neat
and at 1/2, 1/4 and 1/8 dilutions with concentrated
detergent; and run in the CD4 immunoassay. Table VI shows
the results of this experiment on 6 different samples.
Values are presented as raw data as run in the assay. The
zero value represents the assay value obtained for the
depleted portion used as sample diluent. This value is
included in the calculations of expected values.

b
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m xi ng, the sanple was diluted 1:5 (50 [err]l| treated sanplf
[err]] diluent) with diluent before assay. Treated sanples
~70[err]C prior to assay. Assay. Total CD8 was neasure
treated whole blood in a CELLFREE[ err] CDE8 i nmunoassay (T ge}fl %ﬁ&?@i
Inc.) using a one-step, three hour format. Briefly, each 3 I
mcrotiter plate was coated with 100 [err]l of the nurine anti=CD8 _coatin
anti body in phosphate-buffered saline overnight at 4 C. The coating buff er _
was renpoved and 300 [err]| of. bI ocKki ng FABLE VI0. 5% casein, 0.008% NR-40,..

0. 005% EDTA in PBS) were add % d?\?gbﬁ hours at 37 C.
After washing the vveIIsthree |mesvm i PBS, pH

7.4, with 0.09%ameke Fu€loperr Vnitshor spPRAESh per oxi| BEEESAMRP)
conj ugated murfi ne nonocl onal anti - nHEREcEEE fRipBedra( 109 Reeovary2$%
t hi nerosal, 0.|01% gentfam cin, 0.05Ppotween infTris Buffered Saline, TBS)
were added to fall _welllk except thoke used aslblapks _Eift CD8s
standard or trlg@8%d whidfea®l ood wapb4dded to| 840 [err]| of 15PI uent (1%
bovi ne serum 1:2 35 35.5 99
- l1:4 24 21 114
1:8 |14 14 100
0 7
586 Neat 89 89 100
1:2 58 51 114
1:4 34 31 110
1:8 22 21 105
0 11.5
593 Neat 79 79 100
1:2 38 41 91
1:4 26 22 119
1:8 22 24 92
0 16 _
598 Neat 63 63 100
1:2 40 39 103
1:4 30 27 111
1:8 26 21 124
0 15
599 Neat 69 69 100
1:2 36 42 86
1:4 28 28 100
1:8 |22 22 100
o 15
600 Neat 65 65 100
1:2 36 - 40 90
1:4 27 27 100
1:8 21 21 . | 100
0 15 -




al bum n, phosphate buffered saline, 0.25% NP-40 and 0.01%t
50 [err]l of this were added to the appropriate mcrotiter

was covered with plate sealer and i ncubated for three hours a
wi th shaking at 150 rpns. After washi ng 4%he plate as descri
[err]] of OPD substrate were added to all the wells, and tnee_
I ncubated at 20[err]C for 30 mnutes. Fifty [err]l of 2 N err]SC{err]

were added to all wells to stop the reaction and absorbance - ———— e
52 was read ghed@oresults indigate shalkenprmadewiolen biposbsamples

dilute linearly in the assay. The assay background is <20
units. Neat normal samples fall in the middle of the assay
range, .so dilution of even 1:2 should be rarely necessary.

Experiment 8: Cell enumeration using the total cD4
method. This study confirmed that it was possible to
enumerate CD4 positive cells in whole blood by the total
cD4 method. Both flow cytometry and total CD4 antigen
assays were run by Maryland Medical Laboratory on normal
and abnormal blood specimens that were less than 24 hours
old. Flow cytometry was performed on a Coulter Epics Flow
Cytometer; the CD4 immunoassay was read using a Molecular
Devices VMAX ELISA reader. Samples with low CD4 positive
cell counts were selected from HIV positive specimens.
Cells were dually stained with anti-CD4 and anti-CD2
antibodies in order to make sure that the cells counted by
Flow were CD4 positive T cells. A total of 95 samples (46
normal and 49 abnormal) were assayed for white blood cell
number, lymphocyte differential, and percent CD2*CD4* cells
by flow cytometry and for the amount of CD4 by the total
CD4 antigen method. The number of CD4* T lymphocytes was
calculated from the cell count, differential and flow data
and compared to the data obtained from the total CD4 method
by linear regression. The distribution of the two types of
samples was:

46 Normals
CD4+ T cell Number 500-1600 cells/ul
total CD4 antigen 222- 600 units/ml

49 Abnormals
CD4+ T cell Number . 1- 690 cells/ul
total CD4 antigen 48- 295 units/ml
The results of the linear regression qgalysis are shown
in Figure 6, where units/ml from the total  CD4 antigen
method are compared to cells/ul from the flow analysis.
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Mount ai n correlation coefficient for the comparison is 0.946, which
indicates that enumeration of CD4 positive cells via the
total CD4 antigen method is as reliable as the same
enumeration by flow cytometry.

7.3. DISCUSSION

The quantitation of CD4 receptor protein in treated
samples of whole blood has been shown to be equivalent to
flow cytometry for the enumeration of CD4 positive
T lymphocytes (r=0.946). For the configquration 6f the
assay used, sensitivity is 100 units/ml or 50 cells/pl,
which allows the total CD4 antigen method to be used over a
wide range (50-1600 cells/ul) of samples. In the 95
samples tested, the possible presence of CD4 positive
monocytes did not interfere with the assay results. Since
only 10 pl of whole blood is needed per test, the total CD4
method will be useful for detecting CD4* T cells in samples
that are difficult to obtain. The total CD4 method can be
run in laboratories without access to flow cytometry. The
method is simple and can be competed in less than 4 hours.
Samples can be treated quickly and assayed immediately or
treated and stored frozen for batch testing. Such batch
testing of longitudinal patient samples following a course
of treatment is not subject to the errors obtained with
flow cytometry measurements where samples are run
separately on different days. The detergent treatment step
of the total CD4 method also provides the added benefit of
inactivating enveloped viruses which increases operator
safety.

¢}



View, CA) 8. 2. EXPERINENTAL.RESULTS
The specificity and linearity of the assay for CD8 were det

antigen val ues were obtained fromwhol e bl®od of 43 nornal i%
H V-infected, sero-positive individuals and conpared to thejtptal dﬁMbé%ﬂbf

CD8 T-cells/mm of whole blood. Table VII sunmarizes the population

statistics for the normal _.and_abnormal sa legﬁ&x flow cytgnetry and the
fotal CD6 nethod. The nor fal Sﬁﬁrﬁﬁiﬁﬁ%&_ﬁsﬁéﬁ'g 20 772
and the H V[err]sanpl es have &“M Svp . o

8.1. S _AND ops

8amples: Patient samples included 49 sero-positive
HIV-infected individuals and 46 healthy adult volunteers
with CD8" cell counts ranging from 28 to 2983 cells/ul.

Sample Treatment: Whole blood samples were prepared as
described in Section 7, supra. Two hundred ul of
concentrated detergent solution (9% Triton-X100 and 6% NP-
40) were added to 1 ml of whole blcod. Following gentle
mixing, the sample was diluted 1:5 (50 pl treated sample
plus 200 ul diluent) with diluent before assay. Treated
sanples were stored at -70°C prior to assay.

Assay. Total CD8 was measured in detergent treated
whole blood in a CELLFREE® CD8 immunocassay (T cell
Sciences, Inc.) using a one-step, three hour format.
Briefly, each well of a 96 well microtiter plate was coated
with 100 pl of the murine anti-CD8 coating antibody in
phosphate-buffered saline overnight at 4'C. The coating
buffer was removed and 300 ul of. blocking buffer (0.5%
casein, 0.008% NP-40, 0.005% EDTA in PBS) were added per
well and incubated for 2 hours at 37'C. After washing the
wells three times with 400 pul of wash buffer (PBS, pPH 7.4,
with 0.05% Tween 20), 50 upl of horseradish peroxidase (HRP)
conjugated murine monoclonal anti~human CD8 antibody (10%
FCS, 0.025% thimerosal, 0.01% gentamicin, 0.05% tween in
Tris Buffered Saline, TBS) were added to all wells except
those used as blanks. Fifty gl of CD8 standard or treated
whole blood was added to 200 pl of diluent (1% bovine serum
albumin, phosphate buffered saline, 0.25% NP-40 and 0.01%
thimerosal) and S0 ul of this were added to the appropriate
microtiter wells. The plate was covered with plate sealer
and incubated for three hours at 20°C with shaking at 150
rpms. After washing the plate as descfibed above, 100 ul
of OPD substrate were added to all the wells, and the plate
was incubated at 20°C for 30 minutes. Fifty pl of 2 N H,S0,
were added to all wells to stop the reaction and absorbance

e
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53 ~ TABLE VI AVERAGE RANGE FOR 45
SAMPLES 26 patients were nale 19 patients were femal e ag ?ﬁﬂﬁ%@ﬁﬁhi EET
.23-69 years ages ranged from 18-65 years Sanples WBC* %jynph  %CD8*

#CD8[err]  Tot al 4D4 13 _MAR 1997
units/m average 6.48 31 23 52 483 949 2 S1D 3.04 10

14 181 343 High 10. 2 41 42. 3 898 2300+ 1T oW
4.0 22 wasd.read d¥3i50 H¥3 A standard curve (correjlation >0.889;

range 0-2300 units/ul; assay background <100 units) was
constructed by plotting O0.D. against the concentration of
the standards. The concentration of total cp8 in the whole

blood samples was then determined from the standard curve.
Correlation coefficients were calculated using linear
regression analysis.

Whole blood samples from normal and HIV-infected
patients were assayed for absolute CD8” T-cells/mm’ using
the formula:

Abs. CD8* T-cells/mm’ = WBC x % lymphocyte x % CD8° T cells.

WBC (white blood cell count) was determined using a
hemacytometer. % Lymphocyte was determined by a
differential count, and %CD8* T-cells were determined using
the Ortho cytoflurograph II and Leu-2a (anti-CD8)
‘fluorescein conjugated antibody (Becton Dickinson, Mountain
View, CA.)

8.2. EXPERIMENTAL RESULTS

Experiment 1. The specificity and linearity of the
assay for CD8 were determined using similar depletion and
dilution studies as described in Section 7. Total CD8
antigen values were obtained from whole blood of 43 normal
and 43 HIV-infected, sero-positive individuals and compared
to the total number of CD8* T-cells/mm’ of whole blocd.
Table VII summarizes the population statistics for the
normal and abnormal samples by flow cytometry and the total
CD8 method. The normal samples have a linear correlation
of r=0.772 and the HIV*samples have a linear correlation of
r=0.718.

¢
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total CD8 Value§Qes ranged from 23-69 years ages ranged from 18-65 years
Samples |WBC* | SLymph |icDa* |#CD8+ |Total
cDs8
units/ml
average 6.48 31 23 483 949
2 STD 3.04 |10 14 181 343
High 10.2 41 42.3 898 2300+
Low 4.0 22 8.2 173 423

AVERAGE RANGE FOR 49 HIV™®
45 patients were male
ages ranged from 24-65

PATIENT SAMPLES
4 patients were female
ages ranged from 21-43

years years

Samples | WBC+* $Lymph | %CD8* #CD8* | Total
cps
units/ml

average 4.66 36 55 871 1368

2 STD 5.76 26 28 1050 1244

High 19.9 61 79.5 2983 2300+

Low 1.0 0.2 12.7 28 364

Figure 7 demonstrates a statistically significant

correlation between total CD8
assay and the total number of
this study of 86 individuals,
total CD4 values were normal,

antigen measured in the
CD8* cells (r=0.75).

it was found that when
so were total CD8 values.

In

As CD4 values declined in HIV* patients, the total CD8

values varied widely.

Samples with low CD4 (<180

units/ml) and low CD8 values generally had low white

bloed cell counts as well.

The HIV*® patients had some

of the highest CD8 counts, perhaps to replace their

diminished CD4* T cells.

.
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As CD4 values declined in H V[err] patients, the total CD8 val ues varied
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It would be possible to enunerate CD8 positive cells using
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-total CD8

met hod. of experiment e wade 2N HAYH LA WL 1S Podiible to

enumerate CD8 positive cells using the total CD8 method
of experiment 1 (r=0.75), this guantitation was not as
accurate as the enumeration of CD4 positive cells by the
total CD4 method (r=0.946). Since activation of cD8
positive cells results in the release of large amounts
of soluble CD8 antigen, it is likely that the levels of
sCD8 were affecting the correlation of total CDS antigen
levels with CD8 positive-cell counts. To test this
hypothesis, total CD8 antigen and soluble CD8 antigen
were measured in 30 normal and 11 cancer (mainly
melanoma and lymphoma) whole blood samples. Total CDS8
antigen measurements were made as described above with
the detergent treatment, dilution and immunocassay, and
soluble CD8 levels were determined directly by
immunoassay of plasma preparations. The same CD8
immunoassay was used for both the total CD8 antigen and
soluble CD8 antigen. Since one volume of plasma (sample
size) has twice the amount of plasma as an egquivalent
sized sample of whole blood, the soluble CD8 amounts in
plasma were divided by two. The amount of cell
associated CD8 (membrane bound plus cytoplasmic) was
determined by subtracting the soluble levels of CD8
(divided by two) from the amount of total CD8 antigen.
The results of this analysis are shown in Figure 8.
Linear regression analysis of this data gave an improved
correlation coefficient of 0.859 as compared to 0.75 for
total CD8 antigen alone. Cell enumeration could be more
accurately quantitated from the equation:
Y (cells/mm3) = 1.1¥X(units/ml total CD8 ant;gen) + 7.4.
8.3. DISCUSSION

As described herein, we have developed a total CD8
method that measures the level of total CD8 antigen in a
patient sample. Whole blood samples were detergent
treated, diluted, and assayed using a CD8 immunoassay in
a one-step, three hour format. Total CD8 antigen values
obtained in the total CD8 methed correlated with total
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total antigen provided improved information on cell
count and immune activation. Thus, the total CD& assay
alone, or in combination with other soluble or total
marker assays, can be used to monitor the immune profile
of patients.

9. EXAMPLE: ENUMERATION OF TCAR POSITIVE
CELLS BY TOTAL TCR METHODS

Total TCAR f§ Experiments. An assay to detect total
T cell antigen receptor (TCAR) B chain or total V8S
specific TCAR chain was performed using detergent
treated whole blood samples in a total TCR method.
Briefly, wells in a 96 well plate were coated with 5
pg/ml of coating antibodies which con51sted of elther a
negative control antibody (§TCS1 whlch is specxfzc for
the V41 region of the y6 T cell receptor), or W76 which
recognizes the constant region of the § chain (C8) or a
VBS specific monoclonal antibody such-as W11l2 (Tian et
al., 1989, FASEB J. 3:A486 Abstr). A horseradish
peroxidase conjugated (HRP)=-8F1 antibody, which
recognizes a different epitope of the £ chain constant
region (C8) than W76, was used as the detection
antibody. Whole blood lysates were prepared as
described in Section 7, supra. The assay format was
similar to that described in U.S. patent no. 4,845,026,
issued July 4, 1989 and entitled "Assay Systems for
Detecting Cell-Free T Cell Aniigen Receptor Related
Moleucles and Clinical Utilities of the Assays." 1In
addition, a one-step, three hour format as described in
Section 7, supra, was performed with similar results.

C2PRiaBR BeIRBARE SFOR ACHE VAol CERARIal R s\ zod sanpl e
of whol e bl oodubthacsaﬁuIﬁk'emCBﬁeaMBUéllsofntplta&moaeraexuilg\arded by two The
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wells using 6TCS1 as the coating antibedy averaged 0.10
and blank wells which had no antibody averaged 0.095).

The results of the total TCAR assay can be seen in
figure 9. TCAR f chain was optimally detected at
dilutions of 1:4 and 1:8. VA5 specific TCAR was
detected at low levels (1:16 dilution) as well. Lower
levels of V@5 were expected, since the VA5 positive
subset of cells represents only a small portion of all 8
TCAR positive T cells. The assay demonstrated good
specificity as the background 0.D. was no higher when
the control antibody §TCS1 was used as the coating
antibody as compared to 0.D.s cbtained from blank wells
which contain no coating antibody (0.100 and 0.095
respectively).

These data demonstrate that a total TCAR method
can be used to detect the total amount of TCR 8 chain in
2 whole blood sample by using two monoclonal antibodies
which recognize different regions of the constant region
of the # chain. The total amount of £ chain is an
indication of the total amount of B positive T cells in
the sample. Furthermore, specific subsets such as the
V85 family, which represent only 1-5% of the total TCAR
B chains in normal blood, can be detected.

Total TCAR V41 Experiments. The treatment of
samples was similar to that of section 7 with a
concentrated detergent solution of 9% Triton X-100 and
6% NP40 in 1x PBS that was added to whole blood at a
ratio of 200 ul concentrated_detergent solution to 1 ml
whole blood. Samples were then diluted 1:2 prior to
immunoassay. The immunocassay procedure was similar to
the CD4 or CD8 immuncassay except with antibody TCRS1 as

capture antibody and 4TCS1 as detection aﬁ%ibody. The



55 CD8[err] T-cell number (r=0.75) in whole blood. signifi
in the ability to enunerate CD8[err] cells in whole blood
the | evel of soluble CD8 antigen (released from activated (
subtracted fromthe |l evel of total CD8 antiggn (r=0.859).

LAY

rel ati onship of soluble and total antigen provided inprovefl tion on
cell count and i mmune activation. Thus, the total CD8 assay al one, or In
conbination with other soluble or total nmarker assays, can te—tsed-io

moni tor the i mrune TEABf §| pooitpee iemitls.line PEER was used as a positive
control. A standard curve was generated with the units

arbitraily assigned based upon a PEER cell
preparation stored at -70°C and assigned a

20,000 units. The specificity of the assay for TCAR §

?ﬁgR t1887

sanple
value of

chain was determined using an antibody-affigel stripping

procedure.

Affigel 10 was coupled to either BSA,

anti-CD8 antibody 4CS (an isotype control antibody),

§TCS1, TCRSLl, V&2 or V42 at 1 mg/ml concentration.

50/50 slurry was made of each sample.

A

Three hundred ul

of a detergent treated PEER cell sample was added to S0

ul of each antibody-affigel slurry.
were incubated for 1 hour at 4°C,
centrifuged for 5 minutes at 10K.
was removed and added to 50 ul more of the
antibody-affigel slurries.
incubated for another hour at 4°C.

The sample/gels
The samples were then
The supernatant fluid

?he samples/gels were
This process was

repeated for a total of three sample/affigel

incubations.

After the last centrifuge spin, the

supernatants were removed and run in the assay as

samples.
assay, because the PEER sample was diluted

1:25 in

sample diluent buffer before the antibody-affigel

stripping. Samples that were not stripped

with

antibody-affigel were kept at 4°C while the other

samples were being stripped.

were the TCAR 6 chain specific antibodies 4TCR1 and

The supernatants were not diluted 1:2 prior to

The only two antibodies to
completely strip the TCR § reactivity from the samples

TCSS§1l, indicating that the assay was specific for TCR §

chain.

chain method, total TCAR 4 ranged from 55 to 108 units

When 8 samples were run in the total TCAR &

(Figure 10). These all fell at the lower end of the

standard curve.

~. The success of these total TCAR methods for
measuring total 8 or total § TCR antigen amounts can be
extended to total Ve, total y4, total af or to total Vvy,

v~
e



" 9. EXAMPLE: ENUMERATI ON OF TCAR POCSI TI VE PILA%M%&D&HE &
METHODS Total TCAR [err] Experinents. An assay to detlect total T ¢
_antigen receptor (TCAR) [err] chain or total V[err]5 specilfitITHAR 1992i 1
“was performed using detergent treated wholg bl ood sanplgs fin a total TCH
method. Briefly, wells in a 96 well plate were coated wit h™5 Terr]jo/nl of
coating anti bodi es which consisted of either a negative fcontrol antjbody
([err] TCS1L which is specific for the V[err]1 region of the [err] T cel
receptor), or Wendhrehatedospboes ddsaycprotanuresgasnweil I hmedediibnchai n

(err]) or a V@grkReSesea] smdBiOUORRL 3BLLROAY aRHCH 25 & Il an et
al ., 1989, FASEB J. .3.A486 tr).. A horseradi sh gerQX|dase onj ugat ed

3 {
. (HRF)-[err]Fl anP5553§,lﬂh?% riﬁﬁﬁﬂﬂ 208 ANJFPFEPLALIRG $RRRATHE Mhe [err]
chai n constant r&§BaAn(Ekpresgicmar Wisesasasstatd ar theatméreridut@one.
anti body. Wole blood |ysates were prepared as described in Section 7,
supra. The assay format was simlar to that described in U S. patent no.
4, 845, 026, 10. DEEQiII.QE—ﬁXEBIQQﬂA§
' The following hybridoma cell lines, producing the
indicated monoclonal antibody, have been deposited with
the American Type Culture Collection, Rockville,

Maryland, and have been assigned the listed accession

numbers:

Accession

Hybridoma Monoclonal Antibody -
Number : :

Cell line 4C9 4C9 (anti-CD8) HB 9340
Cell line SF4/7B12 S5F4/7B12 (anti-CDS8) HB 9342
Cell line 8F4 8F4 (anti-cD4) | HB 9843
Cell line R2B7 R2B7 (anti-CD4) HB 9842
Cell line 8A3.31 8A3.31 (BF1) HB 9283
Cell line &TCS1 STCAR3I=§TCS1 HB 9578
Cell line W112 W112(VAS) ' HB 9927
Cell line W4F.SB W4AF.5B (anti-Cf) HB 9282
Cell line SA6.E9 TCRSL HB 9772

The present invention is not to be limited in scope
by the cell lines deposited since the deposited
embodiments are intended as single illustrations of one
aspect of the invention and any cell lines which are
functionally equivalent are within the scope of this
invention. 1Indeed, various modifications of the
invention in addition to those shown and described
herein will become apparent to those skilled in the art
from the foregoing description and accompanying
drawings. Such modifications are intended to fall
within the scope of the appended claims.

b}



‘i ssued July 4, 1989 and entitled "Assay Systems for Detedigs
Cell Antigen Receptor Related Mol eucles and dinical Util} h WE';‘L%EET
Assays." In addition, a one-step, three hour format as dgsdribed in Sectifo

7, supra, was perfornmed with sinilar res#?®s. 13 MAR 1997
56 Twenty-five [err]l of whole blood Iysate was diluted ijn 75 [err]| of
sanple diluent for a starting dilution of 1:4. O D. val ugs fronrtire
negative control wells were

Various references are cited herein,
disclosures of which are incorporated by reference
herein in their entireties.

¢ ]



subtracted fromall values obtained (negative control well
as the coating antibody averaged 0.10 and bl ank wel I s whi
averaged 0.095). The results of the total TCAR assay
figure 9. TCAR [err] chain was optinally detected at dil utfi
1:8. V[err]5 specific TCAR was detected ¢ |ow |levels (1:16 |d
well. Lower levels of Verr]5 were expected, since the V[drr]5 p03|t|ve
subset of cells represents only a small portion of all Ten=FcATHost

A posHtvre—
T cells. The assay denonstrated good SpP&Gddidaaidolucaisa kf1Gcpackground O D. was
no hi gher vwhen the contral anti harl\/ [er r]J’(‘Q’I as lised. as the coati ng

anti body ds conpared to O D.s ObMIGRRRIREANNS MBank wel | s whi ch contaijn no
Coat I ng ar tJ Iqulqy‘u(-Q.anjie l.a- ng..-Q.gé ..I;u¢§np qt l-\Lgl_ﬂ- RAE e Th ta

- 0 Ih. l'lH.ll.a '

denonstratle_that a total. can | sed to defect e tatall anount
of TCR [err] "™¢HYINTPHA "\M‘ﬂj‘l e bI ood sanpl e by usi ng two nonocl onal
ant i bodi eq whciterecogmnics e sexdfarerid r egi ons of the constant region

American Type Culcture Collection

Address ol greosiiary Instilulion (Including posial code Snd tounlry) ¢

12301 Parklawn Drive
Rockville, MD 20852

Oste ol opann ¢ ASteesion Number ¢

March 3, 1987 ' HB 9340

8. ADOITIONAL INDICATIONS * [1sace Blsal il Aet spicsdis). TAIS lniermenion la Continued oA § SEPRINIG BIAENSE shosl D

C. DEINIGMATED BTATIS FOR WHICH INDICATIONS AAL MADE ! (It Ine Indicetions ars Asl lor ok dosignated Sisies)

0. SIPARATE FURNMISHING OF INDICATIONS ? (leave digal il ast spplicedle)

Tha indications Neted Dolaw will Be ovb Ie e Inter } Burseuw latar @ {Specily 1he gonetal Aslure of 1he Indicattons o 8.
= Actession Mumbet ol Degee™

[ N qu- Shset was received with 1ne Intarnstions! application when fAled (18 be shecsed by the ining Offcs)
ﬁomu Qfesr)
C] The dete of 10ceigl tirom the ") by the | lonel B [ -
-

™
e b W WP S e emew seme oo

tAviReied Ofiter)

Carm PCTINOILIS (Jonusry 1981




e

of the [err] chain. The total amount of [err] chain is an
total anount of [err] positive T cells in the sanple. Fur
subsets such as the V[err]5 famly, which represent only
TCAR [er]r chains in normal bl ood, can, pe det ect ed.
Experinments. The treatnment of sanples was simlar to that
a concentrated detergent solution of 9% Triton X-100 and 6% NP40 in.-tlxPBS—
that was added to whole blood at a ratio of 200 [err]| cdnCentrated
detergent solution to 1 m whole blood. Sanples were then™diluted 1:2 prior
to i mmunoassay. The inmunoassay procedure was simlar to the CD4 or CD8

i mmunoassay except with antibody TCR[err]1 as capture anti body and
[err] TCSI as dets823-l33-2a8 PBOdW2 The

f ecmn?withl

Form PCT/RO/134 (con'td)

American Type Culture Collection

12301 Parklawn Drive

Rockville, MD 20852

Date of Deposit: March 3, 1987 Accgssion No. HB 9342

Date of Deposit: September 28, 1988  Accession No. HB 9843

Date of Deposit: September 28, 1988  Accession No. HB 9842

Date of Deposit: November 21, 1986 Accession No. HB 9283
~ Date of Deposic: Accession No. HB 9578

Date of Deposit: December 15, 1988 . Accession No. HB 9927

Date of Deposit: November 2I, 1986 Accession No. HB 9282

Date of Deposit: July 27, 1988 Accession No. HB 9772



57 TCAR [err] positive cell line PEER was used as a'positive control. A
standard curve was generated wth the units arbitraily assigngs

a PEER cell sanple mﬁ}ﬁﬁa&sm&@hce@d at -70[err]C and assig eQERi

20,000 units. The sp e assay for TCAR [err] ch

determ ned using an % E& strippiseg procedure. Affi
coupled to either - an |body 4C9 (an isotype confr
[err] TCS1, TCRSL, V[err]2 or V[err]2 at 1 ng/m concentrati oh.
slurry was nmade of each sa Three hundred [err]l of a {d§
PEER cel | sanple MHBiSdéﬁdgzblBsﬁ%bir]l of each anti body-;

The sanpl e/ gel s

1. A method of determining the total amoun
of a leukocyte marker in an original sample suspected
of having the leukocyte marker, which original sample
contains cells and a biological fluid in which cells
are obtained, comprising:

(a) adding a non-ionic detergent to the
original sample to form a detergent-treated
sample;

(b) allowing the detergent to lyse the
cells therein;

(c) diluting the detergent-treated
sample by at least 2~-fold; and

(d) determining the amount of leukocyte
marker in the detergent~treated sample by
immunological detection means and calculating
the total amount of leukocyte marker in the
original sanmple therefrom.

2. The method according to claim 1 in which
the non-ionic detergent concentration in the:
detergent-treated sample is about 2% to about 4%.

3. The mathod according to claim 1 in which
the non-ionic detergent comprises more than one non-
iocnic detergent.

4. The method according to claim 1 or
claim 3 in which the non-ionic detergent is selected
from the group consisting of Triton X-100, Nonidet

- P=4Q0, Tween-20 and CHAPS.

5. The method according te claim 1 in which
the non-ionic detergent comprises Triton X-100 at a
concentration of about 1% to about zi and Nonidet
P-40 at a concentration of about 1%.to about 2%,

AR




THIS SHEET HAS BEEN
were incubated for. 1 ho r mg Er rd] C. The sanpl es wer g t hergrepeRCED f uged] f or

5 mnutes at 10K fluid was renoved al - F
mmore of the antlb ries. The sanpl es/gel s i fale

anot her hour at 4 was repeated for a totdl fof three
sanpl e/ affigel incubations. After the |18&8t centrifuge spifn,| th8 MAR 1897
supernatants were renoved and run in the assay as sanpl es]. |The super nat art g

were not dil ut Qdiéhzcbhbehtﬁ:‘at&%%yofbm% t)bex&tEE&é fdeesSpdyputed
1:25 in sanple nt. _buf f ef Q€ t he ntlbod -affi trippi

il
Sanpl es t hat mﬁgg Fl§tFeﬁﬁ§§ Vieh SSRGS %ﬁ? Yet? wePe Terr]C
whi l e the ot herreatplesample.bei ng stripped. The onIy two anti bodies to
conpletely strip the TCR [err] reactivity fromthe sanples were the TCAR
[err] chain specific antibodies [err] TCRL and TCS[err]1, indicating that
the assay was specifirc for FOR Pethpd: REGPTdAnG B sehditslwénewhichin t he

total TCAR [ertheCBahteRRra’don dtanohcARliRs Idetamgei f{ioMRe t0 108 units

detergent-treated sample is a virus-inactivating
concentration of non-ionic detergent.

7. The method according to claim 1 in which
the non-ionic detergent is allowed to lyse the cells
for at least about 1 minute.

8. The method according to claim 1 in which
the detergent-treated sample is stored at about -20¢
or less after step (b).

9. The method according to claim 8 in which
the detergent-treated sample is stored at about =70°
or less.

10. The method according to claim 1 in which

the original sample is selected the group consisting
of whole blood, plasma, serum, blood cells, saliva,
urine, synovial fluid, pleural effusions, tumor and
tissue infiltrates, amniotic fluid, spinal fluiaq,
cranial fluid, tissue, and tissue culture fluid.

11. The method according to claim 10 in
which the sample is whole blood.

12. The method according to claim 1 in which
the immunological detection.means is selected from
the group consisting of radioimmunoassay, enzyme-
linked immunoassay, "sandwich" immunocassay,
immunoradiometric assay, fluorescence immuncassay and
protein A immunoassay. b

* [ L M s * .




fell at the lower end of the stan
RelacddCAR et hods for measuring to i ERT
11 an be extended to total Va, t¢t I

(Flgure 10) T es
The success
{err] TCR an

[err] or :
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assay procedures as well. Detection of the total anount §f

and [err] antigens i13.usefulThe method Yt dEordingi tocolathatpngnspecific V

region expressipl 0 o e SFifurcd Algi A1 I SELLIE En HEERER s o

"sandwich" immunoassay.

14. The method according to claim 1 in which
the leukocyte marker is selected from the group
consisting of CD4, CD8 and T cell antigen receptor.

18. The method according to claim 1 in which
the leukocyﬁe marker is CD4 and in which the
immunological detection means is a sandwich
immunoassay employing a first antibody 8F4, deposited
with the ATCC and assigned accession no. HB 9843, and
a second antibody R2B7, deposited with the ATCC and
assigned accession no. HB 9842.

1s6. ‘The method according to claim 1 in which
the leukocyte marker is CD8 and in which the
immunological detection means is a sandwich
immunoassay employing a first antibody 4C9, deposited
with the ATCC and assigned accession no. HB 9340, and
a second antibody 5F4/7B12, deposited with the ATCC
and assigned accession no. HB 9342.

17. The method according to claim 1 in which
the leukocyte marker is a 8 T cell antigen receptor,
and in which the immunological detection means is a
sandwich immunocassay employing a first antibedy
selected from the group consisting of V8S-specific -
antibody W112, deposited with the ATCC and assigned
accession no. HB 9927, and CB-specific antibody
W4F.5B, deposited with the ATCC and assigned
accession no. HB 9282, and a second antibody 8A3.31
(BF1l), deposited with the ATCC and assigned accession
no. HB 9283. -

o~
™
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DEPCEWTrTfTT$ﬁ§i- The follow ng hybridoma cell {l
produm rtglstsh@ﬂﬂ m)nocl onal antibody, have been depogi QEMENTP\QHEET
Aneri can | I ection, Rockville Nhryland and haye been
assigned ssion nunbers: Ac gun 1 3 MAR 1997
Monocl onal ntlbody Nurmber Cell Iine 4085 REP dﬁii )
HB 9340 Cell line 5F4/7B12 5F4/ 7B12 Tantt=tbs 1B 9342 Cel
line 8F4 8R4 (anti -L04) B, 98 Lne R2B7
R2B7 (anti-CDY) 1. [BetRIs 25FPrRing %éii 8&3"§i°(‘[err]ﬁ)
HB 9283 Cel | [Mhffe Yeakqomes marker| §sr3 TEAR3epdir pESgen receptor,
9578 and in which the immunological detection means is a

sandwich immunoassay employing a first antibody
TCR§1, deposited with the ATCC and assigned accession
no. HB 9772, and a second antibody §TCS1, deposited
with the ATCC and assigned accession no. HB 9578.

19. A method for determining the total
amount of a leukocyte marker in an original sample
suspected of having the leukocyte marker, which
oriqihal sample contains cells, comprising:

(a) adding a non-ionic detergent to the
sample to form a detergent-treated sample;
' (b) allowing the detergent to lyse the
cells therein;
(c) diluting the detergent-treated
sample by at least 2-fold; and
(d) determining the amount of leukocyte

marker in the detergent-treated sample by .

immunological detection means and calculating

the total amount of leukocyte marker in the
original sample therefrom.

20. | A method for enumerating the approximate
number of leukocytes that are positive for a _
leukocyte marker in an original sample comprising:

(a) determining the amount of total
leukocyte marker in the original sample
according to the method of claim 1, 3, 5, 13 ér

19; and

(b) calculating the approximate number
of cells positive for the leukocyte marker in
the original sample from the total amount of

leukocyte marker determined in step (a).

|* [ L m s *




"Cell line W12 WL12(V[err]5) HB 992

WIF. 5B (anti A tfips Been Replaced B 9282 Cel | THIS SHEBPRAE By
.HB 9772 Iﬁﬁﬁml nvention is Lot t REPEALERI |
cell lines de he deposited enbodi e k

il lustrations of one aspect of the inv I on and'any cel

functionally equivalent are wwthin the scope of this invdgnt

various nodificatigps of thfe MeRhododdddraidid vy &nmf&hﬁiﬁﬁﬁh@@_—
described herein will_becone apparent to those skilled in e art fromthe

EWERT SRET

n scope by th
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ch arq

foregoi ng desEPPBRE+BA™ENnd acconpanying drawi ngs. Such nodifications are
intended to fall within thdijcsepashately mgpauiing|thesamount of

soluble leukocyte marker in the original sample;

and

(ii) subtracting the amount of soluble
leukocyte marker in the original sample from the
anount of total leukocyte marker in the original
sample determined in step (a); and, in step (b)

calculating the approximate number of cells
positive for the leukocyte marker in the

original sample from the remainder in step (ii).

22, The method according to claim 21 in

which the leukocyte marker is CDS8.

23. A method for enumerating the approximate

number of leukocytes that are positive for a

leukocyte marker in an original sample comprising:

\1*4

(2) adding a non-ionic detergent to the
original sample to form a detergent-treated
sample; ‘

(b) allowing the detergent to lyse the
cells therein;

(c) diluting the detergent-treated
sample by at least 2-fold;

(d) detecting the activity of the
leukocyte marker in the detergent~treated sample
by immunological detection means; and

(e) comparing the activity of the
leukocyte marker in the detergent treated sample
with the activity in a standard sample, which
standard stample comprises a known number of
cells positive for the leukocyte marker.

L
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24, A method for enumerating the approximate
. number of leukocytes that are positive for a

leukocyte marker in a sample comprising:

(1) determining the total amount of
leukocyte marker in the sample accofdinq to the
method of claim 19; and

(2) calculating the approximate number
of cells positive for the leukocyte marker from
the total amount of leukocyte marker determined
in step (1).

25. The method according to claim 20 or 24
in which the calculation of step (b) is a calculation
selected from the group consisting of:

(1) extrapolating standard curve of
amount of the leukocyte marker versus number of
leukocytes positive for the leukocyte marker;
and

(ii) multiplying the total amount of
leukocyte marker by a correction factor m and
adding a correction factor b according to the
formula:

leukocyte number = m (total leukocyte marker) + .

b

26, A method for d;agnosznq, detecting or
staging a disease comprising detecting in a sample
.from a patient suspected of having the disease the
total amount of a leukocyte marker according to the
method of claims 1, 3, 6, 13 or 19 and comparing the
amount so detected to the amount of the total
leukocyte marker in normal individuals, a difference
in amounts indicating a disease state.

27, A method for diagnosing, detecting or
staging a disease in a patient suspected-of having
the disease comprising enumerating the approximate
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number of leukocytes that are positive for a
leukocyte marker in a sample from the patient
according to the method of claim 20, 23 or 24 and
comparing the approximate number of leukocytes with
the number of the leukocytes found in a normal
individual, a difference in the numbers indicating a
disease state.

28, The method according to claim 26 or 27
in which the leukocyte marker is selected from the
group consisting of CD4, CD8 and T cell antigen
receptor.

29. The method according to claim 28 in
which the leukocyte marker is CD4 and the disease is
selected from the group consisting of acgquired
immunodeficiency syndrome (AIDS), AIDS related
complex, and CD4* leukemia or lymphoma.

30. The method according to claim 30 in
which the leukocyte marker is CD8 and the disease is
selected from the group consisting of AIDS,
transplantation rejection, rheumatoid arthritis, and
infectious disease.

31. A method for diagnosing, detecting or
staging a disease in a patient suspected'of having
the disease comprising

(a) measuring in an original sample from
the patient the total amount of at least two
leukocyte markers according to the method of
claim 1, 3, 5, 13 or 19;

(b) determining the ratio or ratios of
the amounts of the ieukocyte markers measured in
step (a); and -

(c) comparing the ratio or rafios of the

leukocyte markers determlned 1n step (b) to the
e
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same ratio or ratios in a normal indi&i&ﬁii, a
difference in the ratios indicating a disease
state.

32. A method of diagnosing, detecting or
staging a disease in a patient suspected of having
the disease comprising:

(a) enumerating the approximate numbers
of leukocytes that are positive for at least two
leukocyte markers in a sample from the patient
according to the method of claim 20, 23 or 24;

(b) determining the ratio or ratios of
leukocytes positive for each of the leukocyte
markers enumerated in step (a); and

(c) comparing the ratio or ratios of
leukocytes determined in step (b) to the ratio
or ratios in a normal individual, a difference
in the ratios indicating a disease state.

33. The method of claims 31 or 32 in which
the leukocyte markers are CD4 and CD8 and the disease
is AIDS.

34. A method for monitoring the effect of a

therapeutic treatment for a disease comprising
detecting in a sample from a patient undergoing
therapeutic treatment for the disease comprising
detecting the total amount of a leukocyte marker
according to the method of claims I, 3, 5, 13 or 19
and comparing the amount so detected to the amount of
the total leukocyte marker in normal individuals, a
difference in amounts indicaiing achange in the
disease state.

-~

35. A method for monitoring the effect of a

therapeutic treatment for a disease in a patient
R
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undergoing therapeutic treatment for the disease
comprising enumerating the approximate number of
leukocytes that are positive for a leukocyte marker
in a sample from the patient according to the method
of claim 20, 23 or 24 and comparing the approximate
number of leukocytes with the number of the
leukocytes found in a normal individual, a difference
in the .numbers indicating a change in the disease
state.

: 2 | RERN&(
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36. The method according to claim 34 or 35
in which the leukocyte marker is selected from the
group consisting of CD4, CD8 and T cell antigen
receptor.

37. The method according to claim 36 in
which the leukocyte marker is CD4 and the disease is
selected from the group consisting of acquired
immunodeficiency syndrome (AIDS), AIDS related
complex, and CD4* leukemia or lymphoma.

38. The method according to claim 36 in
which the leukocyte marker is CD8 and the disease is
selected from the group consisting of AIDS,
transplantation rejection, rheumatoid arthritis, and
infectious disease.

39. A method for monitoring the effect of a
therapeutic treatment for a disease in a patient
undergoing therapeutic treatment for the disease
comprising :

(a) measuring {n a sample from the
patient the total amount of at least two
leukocyte markers according to the meﬁhod of
claim 1, 3, 5, 13 or 19; ~

. R i R i
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(b) determining the ratioc or ratids.of. _ _
the amounts of the leukocyte markers measured in
ste§ (a); and

(c) comparing the ratio or ratios of the
leukocyte markers determined in step (b) to the
same ratio or ratios in a normal individual, a
difference in the ratios indicating a change in
the disease state.

40. A method of monitoring the effect of a
therapeutic treatment for a disease in a patient
undergoing therapeutic treatment for the disease
comprising:

(a) enumerating the approximate numbers
of leukocytes that are positive for at least two
leukocyte markers in a sample from the patient
according to the methed of claim 20, 23 or 24;

(b) determining the ratio or ratios of
leukocytes positive for each of the leukocyte
markers enumerated in step (a); and

(¢) comparing the ratio or ratios of
leukocytes determined in step (b) to the ratio
or ratios in the patient at an earlier time
difference in the ratios indicating a change in
the disease state.

41. The method of claims 39 or 40 in which
the leukocyte markers are CD4 and CD8 and the disease
is AIDS, and in which an increase in the ratio of CD4
to CD8 positive leukocytes in the patient relative to
the patient at an earlier time is indicative
improvement of the disease.

42. A kit for determining the total amount

of a leukocyte marker in a sample comprising:
(a) a concentrated non-iontc detergent

solution; and
;* c L ] S *
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fluid in which ceII conpri sing

one or nore

CHAPS[ err],

~ag--t.he {otal
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ents selecéed fromthe group léﬁi&&?%ﬁﬂ

of Triton X&lOO[err] hbnldet P-40[®r], Tween-20[err]

to the sanple to forma detergent-treated {

(b) immunological detection means
specific for the leukocyte market;
each in a suitable container.

43. The kit of claim 42 in which the
concentrated non-ionic detergent solution comprises
9% Triton X-100 and 6% Nonidet P-40 in distilled
water.

44. The kit of claim 42 in which the
immunological detection means is a sandwhich
immunoassay.

45. The kit of claim 42 which further

comprises a standard conmprising a known number of
cells positive for the leukocyte marker.

46. The kit of claim 42 which comprises
immunclogical detection means for more than one
leukocyte marker.

47. The kit of claim 42 in which the
leukocyte marker is CD4 and in which the
immunological detection means is a sandwich
imnuncassay employing a first antibody 8F4, deposited
with the ATCC and assigned accession no. HB 9843, and
a second antibody R2B7, deposited with the ATCC and
assigned accession no. HB 9842,

48. The kit of claim 42 in which the
leukocyte marker is CD8 and in which the
immunological detection means is a sandwich
immuncassay employing a first antibody, 4CS9,
deposited with the ATCC and assigned accession no.
HB 9340, and a second antibody S§F4/7B12, ~deposited
with the ATCC and assigned accession no.‘HB 9342.
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sanple wherein the

detergent-treated sanple is

detergent to |yse the
detergent-treated

determ ni ng the anmount of
I mmunol ogi cal
| eukocyt e marker

sanpl e by
total anmount of

non-ionic det er gent
2% to 4%
cells therein
sanple by at |east 2-fold; and
| eukocyt e mar ker in t he det ¢
det ecti on neans and cal cul ati

in the sanpl e t her ef r om 2.

The net hod according to claim1 in which

t he non-ioni c det ér gent -conprises—

Triton X-100 at a 490ncentmaainmgoéfabpyiml@ﬁtbn wRYecantghdloni det

P-40 at a

. by :
Noni dot P 40 “4PsorREb BeEkBELip\8 BoRCOREs b oLEo T PREPRE erthe -
in which the 1mmunologzca1 detection means is a
sandwich immuncassay employing a first antibody

selected from the group consisting of VAS-specific
antibody W112, deposited with the ATCC and assigned
accession no. HB 9927, and Cf-specific antibody
WAF.5B, deposited with the ATCC and assigned
accession no. HB 9282, and a second antibody 8A3.31
(BF1), deposited with the ATCC and assigned accession

no. HB 9283.

50. The kit of claim 42 in which the
leukocyte marker is a § T cell antigen receptor, and
in which the immunological detection means is a
sandwich immunocassay employing a first antibody
TCRS1, deposited with the ATCC and assigned accession
no. HB 9772, and a second antibody $§TCS1, deposited
with the ATCC and assigned accession no. HB 957s.

This Sheet Has Been Replaced

MR

?}

|
* C_..;: L M H *



treated sanple. 3. The net hod according to clakf<deii-nhich

the concentration of non-ionic detergent in the deterge REPMMENF&S“EH

is a virus-inactivating concentration of Yo loni ¢ det e} gpTrt™
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ABSTRACT OF THE DISCLOSURE

THERAPEUTIC AND DIAGNOSTIC METHODS USING TOTAL LEUKOCYTE

. SURFACE ANTIGENS

The invention relates to the measurement of total leukocyte
antigens, or fragments thereof, and the use of such measurement
to enumerate cells, especially in whole blood. The term "total"
leukocyte antigen used herein refers to the total amount of a
leukocyte antigens in a sample, including that present in
membrane and intracellular compartments and extracellular soluble
compartment. Measurements of a total leuukocyte antigen can be
used to type cells, detect or diagnose disease or to monitor
disease therapy. In a further embodiment, the invention relates
to the measurement of both the amount of total leukocyte antigen
and the amount of the soluble form of the leukocyte antigen and

a comparison of the measured levels.
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4. The nethod according to claim1 in which the non-i onifETietergent—is
allowed to lyse the cells for at |east 1 m nute. (RE#iAEEWEmH-SHEE$

according to claim1 in which the detergent-treated sanple}i s stored at
-20 or less after step (b). 6. The nethod accqr iqg3tﬂPgL§gf1>
in which the detergent-treated sanple is stored at -70[feqr] oOr SS:

7. The nmet hod according to claim1 in which the i munolfogt Waly

means is selected fromthe group consisting of radioi nmujpoassay, enzyne-
| i nked i munoassay, "sandw ch” i m€munoassay,
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i mrunor adi onetri c assay, fluorescence i munoassay and protein A

I Mmunoassay. 8. The method according to cl ai REPUACENM&@E_

i munol ogi cal detection neans is a "sandw ch" inmunoass
met hod according to claim8 in which the sandw ch imu o%ssa E& : |

pol ycl onal antiserum 10. The nmet hod according t
t he sandw ch i munoassay further enploys a nonocl onal gntji body.
11. The net hod according to claim1 in which t he | eykocyte marker 1S
sel ected fromthe group consisting of CD4, CD8 and T ¢ ni.lgen

receptor. 12. The met hod according to claim 10 in which “the
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| eukocyte marker is selected fromthe group consi sting of - Yl
.cell antigen receptor. epREPLACEMENT SHEET
The net hod according to claim1l in which the | eukocyte marKk

whi ch the i munol ogi cal detection nmeans is a sandw ch i mu
a first anti body 8F4, deposited with the ATCC and assi gned
9843, and a second anti body R2B7, deposited with the ATCC
accession no. HB 9842.
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14. The nethod according to claiml in which the | eukocyte magker is CD8

and in which the immunol ogi cal detection neans is a sandw ch i A~
enploying a first antibody 4C9, deposited with the ATCC and aspi NT SHEET
accession no. HB 9340, and a second anti body 5F4/7B12, depositjed with the
ATCC and assigned accession no. HB 9342. 15. The -nmet Hod ataorﬂmngm7
toclaim1 in which the | eukocyte marker is a [err] T cell antfiden

receptor, and in which the i munol ogical detection neans is afsandw ch
i mmunoassay enploying a first antibody selected fromthe group—cansisting
of V[err]5-specific anti body W12, deposited with the ATCC and assi gned
accession no. HB 9927, and ([err]-specific anti body WIF. 5B, deposited with
t he ATCC and assigned accession no. HB 9282, and a second anti body 8A3. 31
([err]Fl), deposited with the ATCC and “assi gned accessi on
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no. HB 9283. 16.

The nethod according to clai nj REPIAGEMENT tSKEET
| eukocyte marker is a [err] T cell antigen receptor, and}i} 1 -
i mmunol ogi cal detection neans is a sandw ch i rmunoassay

anti body TCRerr]1, deposited with the ATCC and assi gned

9772, .and a second antibody [err] TCS1, deposited with th
accessi on no. HB 9578.
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65 17.

conpri si ng:

| eukocyte marker in the

any one of claims 1 to 16;

appr oxi mat e nunber
the origina
determned in step (a).
further conprising

A nmethod for enunerating the approximate n
l.eukocytes that are positive for a | eukocyte marker

sanple fromthe total

REPLACEMENT SHEET

QL
ST

Eﬁ‘iﬂgm?fms?

in a
(a) determning the total anount o
sanpl e according to tpe
and (b) cal cul At
of cells positive for the | eukocyte
anount of | eukocyt e mar

18.

ker

The met hod accordi ng to trainri?

(i) separately neasuring the-anmount of

sol ubl e | eukocyte marker in the original sanple;
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and ' (ii) subtracting the amount of sol uble | ¢REPLACEMENT SHEET
marker in the original sanple fromthe anount of total | guRoTyTE

mar ker in the original sanpl e deternmined in step (a); ang [

cal cul at'i ng t he approxi mate nunber of cells positive for

mar ker in the original sanple fromthe remainder in step

19. The met hod according to claim 18 in which the | eukocy

CD8. 20. A nmet hod according to claim 17 wherein the
nunber of cells positive for the | eukocyte mnarker in the sanple is

cal cul ated by conparing the activity of the | eukocyte marker in the
detergent treated sanple with the activity in a standard sanple, which
standard sanpl e conprises a known nunfer of cells positive
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for the |eukocyte marker. ' 66 | REPLACEMENT SHEETT
The met hod according to claim 17 in which the cal culation of $te¢p ’
cal cul ation sel ected fromthe group consisting of: (i4|)3 7
extrapol ati ng standard curve of amount- of the | eukocyte pafker \MA%J@
nunber of
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" |l eukocytes positive for the |eukocyte marker; and REPU\CEMENI iQHEET

mul tiplying the total anmount of | eukocyte marker correctton

. factor mand adding a correction factor b accordi n t iféeMAR 97
formula: | eukocyte nunber = m (total |eukocyte markier !ﬂ
22. A method for nmonitoring the effect of atherapet'

a di sease conprising detecting in a safple froma patient undergoing

therapeutic treatnent for the disease conprising detecting-t

of a | eukocyte marker according to the nethod of clains 1, 2 or 8 and
conparing the amount so detected tojlhe anount of the tot aI | eukocyt e

mar ker in normal individuals, a di fgrence I n amounts indicating a change
in the di sease state. '
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23. A method for monitoring the effect of a therapeLRE G NﬁrﬂHEEﬂ'r
a disease in a patient undergoing therapeutic treatnment fbpr

hat

1 MR 997

conprising enunerating the approxi mate nunber of |eukocytp

positive for a | eukocyte marker in a sanple fromthe patign

the method of clainms 17 or 20 and conparing the approxi majelnunber of

| eukocytes with the nunber of the |eukocytes found in a néermal individual,
a difference in the nunbers indicati n!ﬁ St-ait

a change in the di $ease—~state-
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67 24. The nethod according to clains 22 or 23
Ieukocyte marker is selected fromthe group consisting o
cell antigen receptor. 25. - The nethod accord
whi ch the | eukocyte marker is CD4 and the disease is sel
group consi sting of acquired i mmunodeficiency syndronme (
conplex, and CD4[err] | eukem a or |ynphona. 26.

di sease is selected fromthe group ¢pnsisting of AlDS,

Figure 11
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rheumatoid arthritis, and infecti 1
L ARENENT, SHEET

transplantation rejection,
27 A nethod for nonitoring the effect of a therapeutic
i sease

di sease in a patient undergoing therapeutic treatnment for th
(a) nmeasuring in a sanple fromthe i 13 MAR1997
hie met hod of

conpri sing

total anount of at |east two | eukocyte markers according to

claimi1, 2 or 8; (b) deteg? ning the ratio or yatrtros—of~tte
in step (a); and

amounts of the | eukocyte markers neasur 7
(c) conparing the ratio or ratios of the |eukocyte nmarkers determned I n

step (b) to the same ratio or ratios in a hormal individual, a difference

inthe ratios indicating a change in the disease state. 28. A
met hod of nonitoring the effect of a therapeutic treatnment for a disease in
a patient undergoing therapeutic treatnent for the di sease conpri sing:
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(a) enunerating the approxi mate nunbérs of |eukocytes that are positive f or

.at |east two | eukocyte markers in a sanple fromthe pati%pt ac '
- the method of cltaim 17 or 20; . [ At '
Ehﬁ (3-i F\ig i i“nSHrEEZ

(b) determining the ratio or ratios of |eukocytes positi\
25 FEB 1998

| eukocyte markers enunerated in step (a); and
62

¥hat is claimed is:

1. A method for determining the total amcunt
of a leukocyte marker in sample suspected
of having the leukoccyte marker, which sanple
contains cells and a bialagical fluid in which cells
are obtained comprising:

(a) adding one or more non-ionic
detergents selected from the group consisting of
Triton X-100®, Nonidet P-40®, Tween-20® and
CHAPSO, to the sample to form a detergent-treated

sample wherein the non-ionic detergent
concentration in the detergent-treated sample is
2% to 4%;

(b) allowan the detergent to lyse the
cells therein;

(c) diluting the deterqent4treated
sample by at least 2-fold; and

(d) determining the amount cf leukocyte
marker in the detergent-treated sample by
immunological detection means and calculating
the total amount of leukocyte marker in the
origiral sample therefrom.

2. The method according to claim 1 in which
the non-ionic detergent comprises Triton X-100 at a
concentration of about 1% to abeus 2% and Nonidet
P-40 at a concentration of abeuts—1% to -aheuds 2%,
which concentrations of Triton X-100 and Nonidet P-40
are their respective concentrations in the detergent-
treated sample.

3. The method according to claim 1 in which
the concentration of non-ionic detergent in the
detergent-treated sample is a virus-inactivétinq
concentration of non-ionic detergent.
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(c)v conparing the ratio or ratios of '|eukocytes determ ned BEB‘LA@EME&“%EET

4he ratio or ratios in the patient at an earlier tine diffefepce 1n the
ratios indicating a change in the disease state. 29
met hod of clainms 27 or 28 in which the | eukocyte markers ar

and the disease is AIDS, and in which an increase in the rat
CD8 positive |l eukocytes in the patiefi3relative to the patiept at an

earlier tinme is indicative inprovement of the disease. ] 30. Akt
for deternining the tdot al TaepBAthod ackewkdng ¢armlemih bn sdnjste
ConNprising. the non-ionic dé@LraeﬁenQ@n%ﬁqg%%dﬂﬁdﬂﬂf§bCEHEEEEEﬂQ more than
one non-ionic detergent wherein“the non-ionic deterdgents are at |east two
of Triton XGQQD[éﬁrEQaﬁBnFQGF‘PI BOPRYE- - Tween-20[err] and CHAPS[err]; and

5. The method according to claim 1 in which
the detergent-treated sample is stored at abeud -20°
or less after step (b). -

6. The method according to claim 5 in which
the detergent-treated sample is stored at akeuwt -70°
or less.

7. The method acceording to claim 1 in which

the immunoclogical detection means is selected from
the qroﬁp consisting of radiocimmuncassay, enzyme-
linked immunoassay, "sandwich" immunocassay,
immunoradicmetric assay, fluorescence immunoassay and
protein A immunocassay.

8. The method according to claim 7 in
which the immunological detection means is a
"sandwich" immunoassay.

9. The method according to claim 8 in which the
sandwich immuncassay employs a polyclonal antiserum.

10. The method according to claim 8 in which the

sandwich immunoassay further employs a monoclonal antibody.

11. The method accoerding to claim 1 in which
the leukocyte marker is selected from the group
consisting of CD4, CD8 and T cell antigen receptor.

12. The method according to claim 10 in which the
leukocyte marker is selected from the group consisting of
CD4, CDB and T cell antigen receptor.

* C L M S *




(b) immunol ogi cal detectlon means specific¢ for the |eukocyte nnrkpr parh

1n a suitable container. 31. The kit of clai

t he concentrated non-ionic detergent solution conprises 9%t alo
6% Noni det P-40 in distilled water. 32. The kit %3&99
clainms 30 to 31 in which the inmunol ogi cal detection neans

i MTmunoassay. 33. The kit of bhy one of clains 30 {o 32 mhlch
further conprises a | eukocyte narker standard. 34. The kit of
claim33 in which th8-l eu tmethod according to claim 1 i i

the leukocyte marker is CD4 and in which the
immunological detection means is a sandwich
immunoassay employing a first antibody 8F4, deposited
with the ATCC and assigned accession no. HB 9843, and
3 second antibody R2B7, deposited with the ATCC and
assigned accession no. HB 9842.

14, The method accor&ing to claim 1 in which
the leukocyte marker is CD8 and in which the
immunological detection means is a sandwich
immunoassay employing a first antibody 4C9, deposited
with the ATCC and assigned accession no. HB 9340, and
a second antibody 5F4/7B12, deposited with the ATCC
and assigned accession no. HB 9342.

15. The method according to claim 1 in which
the leukocyte marker is a 8 T cell antigen receptor,
and in which the immunological detection means is a
sandwich immunocassay employing a first antibedy
selected from the group consisting of VAS-specific -
antibody W112, deposited with the ATCC and assigned
accession no. HB 9927, and CA-specific antibody
W4F.5B, deposited with the ATCC and assigned
accession no. HB 9282, and a second antibody 8A3.31

(8F1), deposited with the ATCC and assigned accession
no. HB 9283,

16. The method according to claim 1 in which
the leukocyte marker is a § T cell antiéen receptor,
and in which the immunoclogical detection means is a
sandwich immunocassay employing a first antibody
TCR§1, deposited with the ATCC and assigned accession
no. HB 9772, and a second antibody éTCS1, deposited.
with the ATCC and assigned accessicon no. HB 9578.
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narker standard conprises a known nunber of cells p05|t|ve for the

1 eukocyt e marker. ﬂg{EPLACE% SHEET )

REPLACEMVENT SHEET 69 _ PNIE B
of any one of clainms 30 to 34 which conprises inmunol ogi ca éf |on ne
for nore than one | eukocyte marker.

A

65

17. A method for enumerating the approximate
number of leukocytes that are positive faor a
leukocyte marker in a sample comprising:

(a) determining the total amount of
leukocyte marker in the sample

according to the method of any one of claims 1 to 16:
and

(b) calculating the approximate number
of cells positive for the leukecyte marker in
the original sample from the total amount of
leukocyte marker deternine& in step (a).

18. The method according to claim 17 further
comprising T

(1) separately measuring the amount cf
soluble leukocyte marker in the original sample;
and

{ii) subtracting the amount cf soluble
leukocyte marker in the original sample from the
amount of total leukocyte marker in the original
sample'determined in step (a); and, in step (b)
‘calculating the approximate number of cells
positive for the leukocyte marker in the
original sample from the remainder in step (ii).

19. The method according to claim 18 in
which the leukocyte marker is CDS.

20. A method according to claim 17 wherein the

approximate number of cells positive for the leukocyte

marker in the sample is calculated by comparing the

activity of the leukocyte marker in the detergent treated

sample with the activity in .a standard sample, which

standard sample comprises a known number of cells positive

for the leukocyte marker.

* o L M S *



36. The kit of any one of clains 30 tdo 35 in which thel
:zis CD4 and in which the i munol ogical detection neans is i
i mmunoassay enploying a first anti body 8F4, deposited
assi gned accession no. HB 9843, and a second anti body
t he ATCC and assi gned accessi on no. HB 9842.

one of clains 30 to 36 in which the déeukocyte marker
t he i munol ogi cal detection neans is a sandw ch i mmunoass
first antibody, 4C9, deposited with the ATCC and assi gned *
9340, and a secondZéntlbodvu5mwwhsﬂ2acdepdsngedomclbxhhe7ATCC and a55|gned
accessi on no. 1ByAB4R che caledlficio oIhQ:EE (B 2wYa 02&18&1%@% 30 to 37

in which the IeEkoczée IS a antlgen rece
act frcm the group ccnszstlnq of:

(i) extrapolating standard curve of
amount of the leukocyte marker versus number of
leukocytes positive for the leukocyte marker;
and

(ii) multiplying the total amount of
leukocyte marker by a correction facter m and
adding a correction factor b according ta the

- formula:

leukocyte number = m (total leukocyte marker) +
b

22. A method for monitoring the effect of a

therapeutic treatment for a disease comprising detecting

in a sample from a patient undergoing therapeutic

treatment for the disease comprising detecting the total

amount of a leukocyte marker according to the method of

claims 1, 2 or 8 and comparing the amount so detected to

the amount of the total leukocyte marker in normal

individuals, a difference in amounts indicating a change

in the disease state.

23. A method for monitoring the effect of a
therépeutic treatment for a disease in a patient
undergoing <therapeutic treatment for +the disease
comprising enumerating the approximate number of leukocyte

that are positive for a leukocyte marker in a sample from
the patient according to the method of claims 17 or.20 and

comparing the approximate number of leukocytes with the

number of the leukocytes found in a normal individual, a

difference in the numbers indicating a change in the
disease state.

[



and in which the I mmunol ogi cal detection neans is a san

senploying a first antibody selected fromthe group cons|’

V[err]5-specific anti body W12, deposited with the ATCQ
accession no. HB 9927, and (Jerr]-specific anti body WH
t he ATCC and assi gned accession no. HB 9282, and a seco
([err]Fl), deposited with the ATCC &hd assi gned accessi

39. The kit of any one of clains 30 to 38 in which

DN Nno.

bod A
HB 9283.

is a6 Tcell antigen rec tor [ det ecti on
nmeans i s a sandmng * i nmun ssgytgggloyF&§%§ﬁ# éggijﬁégbﬁigierr]l

deposi ted with VhéCATGEead@u$SSWQMe@aaxees$$M$¢kﬂc$ﬁﬁQf?Qm shd a second

ant i body [ er gh3651coAERARIEA o Idba! NRpATERART drpi 0ardagpessi on no.

W ch

9578. ai'm i n whi

receptor.

25. The method according to claim 24 in

san

which the leukocyte marker is CD4 and the disease is

selected from the group consisting of acqu
immunodeficiency syndrome (AIDS), AIDS rel
complex, and CD4‘t leukemia or lymphoma.

26. The method according to claim 24 in

ired
ated

which the leukocyte marker is CD8 and the disease is

selected from the group consisting of AIDS,

transplantatxon rejectlcn, rheumateoid arthritis, and

infectious disease.

27. A method for monitoring the effect of a

therapeutic treatment for a disease in a patient undergoing

therapeutic treatment for the disease comprising

(a) measuring in a sample from the patient

the total amount of at least two leukocyte markers

according to the method of claim 1, 2 or 8;

(b) determining the ratic or ratios of the
amount; of the leukocyte markers measured in step (a); and
(c) comparing the ratio or ratios of the
leukocyte markers determined in step (b) to the same ratio
or ratios in a normal individual, a difference in the
ratios indicating a change in the disease state.

28. A method of monitoring the effect of a

therapeutic treatment for a disease in a patient undergoing
therapeutic treatment for the disease comprising:

(2a) enumerating the approximate numbers of
leukocytes that are positive for at least two leukocyte
markers in a sample from the patient according to the

method of claim 17 or 20;
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further enploys a nonocl onal anti body. .

[ mfunoassay errpl oys a polyclonal antiserum _ )
41. The kit of claim32 in which the sandw ﬁﬁﬁLMEME
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(b) determining the ratio or ratios of
leukocytes positive for each of the leukocyte markers
enumerated in step (a); and

(c) comparing the ratio or ratios of
leukocytes determined in step (b) to the ratio or ratios in
the patient at an earlier time difference in the ratios

indicating a change in the disease state.

29. The method of claims 27 or 28 in which the

leukocyte markers are CD4 and CD8 and the disease is AIDS,
and in which an increase in the ratioc of CD4 to CD8

positive leukocytes in the patient relative to the patient

at an earlier time is indicative improvement of the

disease.

30. A kit for determining the total amount of a
leukocyte marker in a sample comprising:
(a) a concentrated solution containing more

than one non-ionic detergent wherein the non-ionic

Qetergents are at least two of Triton X-100®, Nonidet P-

409, Tween-209 and CHAPS®; and
' (b) immunological detection means specific

for the leukocyte marker;
each in a suitable container.

31. The kit of claim- 30 in wﬁich the
concentrated non-ionic detergent solution comprises 9%
Triton X-100 and 6% Nonidet P-40 in distilled water.

32. : The klt of any one ef claims 30 to 31 in
which the 1mmunolog1cdl detection means 1is a sandwich
immunoassay.

33. The kit of any one of claims 30 to 32 which

further comprises a leukocyte marker standard.

34. The kit of claim 33 in which the leukocyte

marker standard comprises a known number of cells positive

for the leukocyte marker.
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35. The kit of any one of claims 30 to 34 which

comprises immunological detection means for more than one
leukocyte marker.

35. The kit of any one of claims 30 to 35 in
which: the leukocyte marker is CD4 and in which the
immunological detection means is a sandwich immunoassay
employing a first antibody 8F4, deposited with the ATCC and
assigned accession no. HB 9843, and a second antibody R2B7,
deposited with the ATCC and assigned accession no. HB 9842.

37. The kit of any one of claims 30 to 36 in

which the leukocyte marker is CD8 and in which the
immunological detection means is a sandwich immunoassay
employing a first antibody, 4C9, deposited with the ATCC
and assigned accession no. HB 9340, and a second antibody
5F4/7B12, deposited with the ATCC and assigned accession
no. HB 9342,

38. The kit of any one of claims 30 to 37 in

which the leukocyte marker is a B T cell antigen receptor,
and in which the immunological detection means is a
sandwich immuncassay employing a first antibody selected
from the group consisting of VB5-specific antibody W112,
deposited with the ATCC and assigned accession no. HB 9927,
and CB-specific antibody W4F.5B, deposited with the ATCC
and aésigned accession no. HB 9282, and a second antibody
8A3.31 (BFl), deposited with the ATCC and assigned
accession no. HB 9283.

39. . The kit of any one of claims 30 to 38 in

which the leukocyte marker is a 6 T cell antigen receptor,
and in which the immunological detection means is a
sandwich immunoassay employing a first antibody TCRé&1,
deposited with the ATCC and assigned accession no. HB 9772,
and a second antibody 8TCS1l, deposited with the ATCC and
assigned accession no. HB 9578. -

40. The kit of claim 32 in which the sandwich

immunoassay employs a polyclonal antiserum.
LT
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41. The kit of claim 32 in which the sandwich
-immunoassay further employs a monoclonal antibady. .

42. The kit of claim 30, 40 or 41 in which the
leukocyte marker is selected from the group consisting of
€D?; CD8 and T cell antigen receptor.
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ABSTRACT OF THE DISCLOSURE

THERAPEUTIC AND DIAGNOSTIC METHODS USING TOTAL LEUKOCYTE

. SURFACE ANTIGENS

The invention relates to the measurement of total leukocyte
antigens, or fragments thereof, and the use of such measurement
to enumerate cells, especially in whole blood. The term "total"
leukocyte antigen used herein refers to the total amount of a -
leukocyte antigens in a sample, including that present in
membrane and intracellular compartments and extracellular soiuble
compartment. Measurements of a total leuukocyte antigen can be
used to type cells, detect or diagnose disease or to monitor
disease therapy. In a further embodiment, the invention relates
to the measurement of both the amount of total leukocyte antigen

and the amount of the soluble form of the leukocyte antigen and

a compariéon of the measured levels.



