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(7) ABSTRACT

The present invention involves the reaction of a CD4
immuno-conjugate with a sample of patient whole blood. The
CD4 immuno-conjugate consists of one or more antibodies
with specificity for the CD4 surface receptor coupled to a

(21) Appl. No.: 12/223,369 signal moiety, or “label”, that is detectable by a flow cytom-
eter. Such labels may generate a signal by such means as
fluorescence properties, light scatter properties, electronic

(22) PCT Filed: Jan. 30, 2007 properties, or magnetic properties. The CD4 immuno-conju-
gate binds to both the CD4 positive lymphocytes (Helper T
cells) and all monocytes. Differential detection means are

(86) PCT No.: PCT/US07/02700 employed to count immuno-conjugate labeled Helper T cells.
The present invention distinguishes itself by simultaneously

§371 (e)(1), measuring the signal level from monocytes as a means to
(2), (4) Date: Nov. 26, 2008 verify sufficient activity of the anti-CD4 antibody.
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CELL CLASSIFICATION SYSTEM

CROSS REFERENCE TO RELATED
APPLICATION

[0001] The present application claims the benefit of U.S.
provisional application No. 60/763,926, filed Jan. 31, 2006,
which is incorporated by reference herein in its entirety.

FIELD OF THE INVENTION

[0002] This invention relates to the field of biological
assays where cells can be classified and quantified using flow
cytometry and other optical instrumentation. More specifi-
cally, the invention relates to the field of quality control of
blood cell sub-population counting by flow cytometry when
blood cell sub-populations are identified by binding labeled
antibodies to cell surface antigens. These so-called “immuno-
hematology” results are used most often to manage and pre-
scribe drug therapy in HIV/AIDS.

BACKGROUND

[0003] At the time of this invention approximately 50 mil-
lion people worldwide are infected by HIV, many of which
are at a stage of their disease where antiretroviral drug therapy
is medically indicated. Disease staging of HIV is done by
counting specific immune cells in blood several times per
year. These cells progressively decrease in number over a
span of many years to a level where immunity is impaired and
fatal opportunistic infection occurs. This condition is known
medically as AIDS. When cell counting is used to monitor
specific immune cells in blood and the results are used to time
the administration of antiretroviral therapy, the procedure is
90% successful in establishing remission that lasts for several
years. Without this the rate of remission is only approxi-
mately 20%. It is now an unquestioned axiom that immune
cell counting must guide antiretroviral therapy in treating
HIV.

[0004] Itis estimated that 95% of individuals infected with
HIV live inregions where skilled laboratory staff do not exist.
These are needed to operate “flow cytometers”, which are the
instruments used to count immune cells. Flow cytometers are
classified as highly complex systems by most regulatory
agencies because they need many skilled manual steps to
prepare patient blood samples, and they are mechanically and
electronically unstable, requiring careful adjustment during
the day. The training time for a flow cytometry operator is
measured in years. The rate at which the HIV infection epi-
demic has grown and established a death rate that is now
estimated to be 6,000 per day, has bested all efforts to create
sufficient numbers of technicians and flow cytometry centers
in the less developed parts of the world.

[0005] Automation with internal hardware and software
checks, such as that developed for the PointCare AuRICA
system (PointCare Technologies, Inc., Marlborough, Mass.
USA), has eliminated all of the manual steps needed to pre-
pare samples for flow cytometry analysis. This would have a
major impact on the level of training needed for flow cytom-
eter operation if it were not for two, remaining difficult prob-
lems. The first is training operators to use so-called external
control materials (assayed artificial or surrogate blood
samples) to verify that the flow cytometer is actually func-
tioning within specification at the beginning and/or end of
each day. The second is that these external control materials
require an uninterrupted “cold chain” for shipment and stor-
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age. Maintaining a cold chain requires training and a refrig-
eration infrastructure that is generally missing in the rural
developing world. The critical path to develop a flow cytom-
eter that can be used by staff with minimal training in
resource-poor areas lies along the elimination of external
control materials.

[0006] Inimmune status testing, the primary role of exter-
nal control materials is to assure that the unstable, tempera-
ture sensitive, antibodies that are used as reagents to bind to
cell surface antigens and classify cells for counting, have
retained their chemical binding capacity. It is not enough to
know that the right concentration of reagent antibody is used.
In fact, both the concentration and the binding activity must
be assured for this key reagent. Antibodies are heat labile
proteins that are easily damaged after a few hours in a non-
air-conditioned laboratory. When that happens, flow cytom-
etry cell counts will be wrong,.

[0007] The primary problem with external controls for
most of the world is that they are as temperature sensitive as
antibodies. They need to be shipped under refrigeration, and
rarely last more than one month even under careful re-refrig-
eration once the container is opened. Reliable refrigeration is
not always available and this creates logistical problems for
remote clinics and a need for well trained logistics personnel
in the clinic. Secondarily, external controls are expensive.
Some small clinics need to spend more money to run external
controls than to run patient samples. Thirdly, quality is only
assured for patient saniples run during a specified time after
an external control sample is run. It would be advantageous if
quality could be assured for every patient sample irrespective
of when the sample is run.

[0008] The subject of this invention is a method and appa-
ratus that uses the patient’s own blood cells during the sample
run rather than surrogate, external control materials to check
antibody concentration and activity. The blood cells used as
an “internal control” are not the ones that decline in numbers
during the course of HIV disease progression. The internal
controls cells are an immune cell class that carry the same
binding sites for antibody as do the immune cell class whose
population is affected by HIV. These cells provide a means to
control antibody concentration and activity that is indepen-
dent of the disease and avoids the cost of external control
materials. Additionally it provides the advantage of providing
a simultaneous, “internal control material” check during
every patient sample run; an option that is neither financially
feasible nor technically feasible with external control mate-
rials.

SUMMARY OF THE INVENTION

[0009] The primary classes of circulating white blood cells
are lymphocytes, monocytes, netrophils, eosinophils, and
basophils. Each are participants in various, complex, disease
defense mechanisms; and deviations from a normal, or dis-
ease free condition, relationship of relative numbers between
the subsets is highly correlated with specific disease states.
During the time course of HIV progression to full-blown
AIDS, a subclass of lymphocytes is destroyed eventually
creating an immune-compromised state where the patient is
open to a variety of opportunistic infections and cancer that
prove fatal.

[0010] The subclass of lymphocytes destroyed by HIV
infection is one which carries 94,000£28,000 surface recep-
tors per cell known as the CD4 receptor (Bikoue, A., et al,
Cytometry 1996; 26: 137). Various names have been attached
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to this subclass; the most common are the “Helper T cell”
subclass and the “CD4+ lymphocyte” subclass. At the time of
this invention an HIV infected patient passes into the clinical
stage of “full-blown AIDS” when the Helper T cell count falls
to 200/ul. After this the patient’s immune defense is all but
lost and death ensues from irreversible opportunistic infec-
tion (e.g. tuberculosis) or cancer (Kaposi’s sarcoma).

[0011] The class of circulating white blood cells actually
infected by actual virus (HIV), is however the monocytes and
is not the lymphocytes. Indirect, intercellular signaling paths
acting between infected monocytes and Helper T cells cause
the destruction of the Helper T cells (Fantuzzi, L., Leuk.
Bi0l.2003:74:719). While monocytes may harbor the virus,
their numbers are not affected by the virus.

[0012] Two facts are important for the present invention.
First, all monocytes carry the same CD4 surface receptor as
do Helper T cells. An ancillary fact is that the number of CD4
receptors on monocytes is 34,000+10,000 per cell (Bikoue,
A., etal, Cytometry 1996; 26: 137) which is lower than that on
lymphocytes. Second, the number of monocytes remains
essentially constant and the number of CD4 receptors on
monocytes also remains essentially constant throughout the
course of HIV infection.

[0013] Thepresentinventioninvolves the reaction ofa CD4
immuno-conjugate with a sample of patient whole blood. The
CD4 immuno-conjugate consists of one or more antibodies
with specificity for the CD4 surface receptor coupled to a
signal moiety, or “label”, that is detectable by a flow cytom-
eter. Such labels may generate a signal by such means as
fluorescence properties, light scatter properties, electronic
properties, or magnetic properties. The CD4 immuno-conju-
gate binds to both the CD4 positive lymphocytes (Helper T
cells) and all monocytes. Differential detection means are
employed to count immuno-conjugate labeled Helper T cells.
The present invention distinguishes itself by simultaneously
measuring the signal level from monocytes as a means to
verify sufficient activity of the anti-CD4 antibody.

DETAILED DESCRIPTION OF THE INVENTION
AND EXEMPLIFICATION

[0014] Since individual immuno-conjugate entities (anti-
bodies plus label) are selected from the reaction mixture by a
diffusion process, they bind randomly to lymphocytes or
monocytes. This means that there is no preferred binding
target, and a sampling of antibody binding efficacy to mono-
cytes can be used as an unbiased indicator to infer antibody
binding efficacy to lymphocytes when both binding pathways
occur simultaneously in the same reaction mixture.

[0015] Anexample of this method is illustrated in FIG. 1ab.
A standard research flow cytometer (Beckman Coulter Epics)
was set up and used as follows. Light scatter detectors were
enabled to detect scattering at a low forward angle (narrow
cone of light centered at ~2 degrees off axis) and at substan-
tially a right angle (wide cone of light centered at 90 degrees
off axis). A standard, two-parameter, flow cytometry “dot
plot” data display was used for data interpretation and analy-
sis (FIG. 1ab). The forward scatter (FS) signal strength from
each cell was recorded onthe Y axis of FIG. 1ab and the right
angle scatter (SS) signal strength from each cell was recorded
on the X axis. The dots in the plot are the X-Y coordinates of
the signal strength from each cell.

[0016] Theexample in FIG. 1abused a whole blood sample
from a healthy human donor. In FIG. 14, the red cells were
removed by lysis and the sample was run without an immuno-
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conjugate. The following interpretation is well-known in the
art (Shapiro, H.; Practical Flow Cytometry, Ed. 4, Wiley-Liss,
p 483). Three clusters of dots (cell signals) are seen. The
approximately vertical, oval cluster at the lower left is con-
tains only lymphocytes. The diffuse and less dense cluster to
the upper right of the lymphocytes contains only monocytes.
The approximately horizontal oval cluster contains only
granulocytes.

[0017] InFIG. 15, the same sample was run again, but this
time after reaction with an “immunogold” conjugate. This
conjugate consists of approximately 80 nm diameter colloidal
gold particles coated by mouse monoclonal antibodies spe-
cific to the CD4 receptor. United States Patent Application
Number 20040246480 describes the use of these conjugates
for the detection and counting of Helper T cell identification
and counting, As explained in this patent application, a sec-
ond oval cluster is created by those lymphocytes that have
bound the immunogold conjugate to the cell surface. Such
binding creates substantially increased right angle scatter
(SS) and a smaller change in forward scatter (FS).

[0018] Also referring to FIG. 15, it is apparent that all
monocytes have also bound the immunogold conjugate as
evidenced by the fact that the entire monocyte cluster has
shifted to the right along the SS axis. The original X axis
position of the unlabeled monocyte cluster was X=260, and
the shifted position was X=450. The ratio of X positions was
therefore (450/260)=1.73.

[0019] Forcomparison the lymphocyte cluster shifted from
X=108 to X=428. The ratio of X positions was therefore
(428/108)=3.96.

[0020] Finally, note that the ratio of the monocyte shift to
the lymphocyte shift which is (1.73/3.96)=0.44 compares
favorably to the ratio of CD4 receptors on monocytes to
lymphocytes (34,000/94,000)=0.36+0.15 (The standard error
in this ratio was computed by propagating the independent
errors in the above reported measurements of CD4 antigen
numbers for lymphocytes and monocytes in the literature).
This indicates that the degree of shifting is related to the
number of antigen binding sites on these two cell populations.
[0021] This example illustrates the shift in the monocyte
cluster caused by binding of anti-CD4 antibody conjugates.
Additionally the magnitude of the monocyte cluster shift
relative to the lymphocyte shift compares well with the ratio
of the number of immunogold conjugates estimated from the
literature to be bound to monocytes and lymphocytes respec-
tively.

[0022] Ttis also possible to use the relative position (rather
than the absolute position) of the monocyte cluster with
respect to other clusters as a means to monitor anti-CD4
antibody binding to monocytes. In the above example and
referring to FIG. 1, the position of the monocyte cluster
relative to the granulocyte (neutrophil) cluster changes when
anti-CD4 antibodies bind to the monocytes. The granulocyte
cluster position is itself unaffected by the presence of anti-
CD4 antibody. This is because virtually no granulocytes (neu-
trophils) carry the CD4 receptor. Therefore the reference for
monocyte cluster can be the invariant granulocyte cluster
which obviates the need for a reference measurement without
anti-CD4 antibody. This preferred mode saves time to pro-
duce a patient result.

[0023] Itisimportant to note that these observations can be
employed to monitor antibody binding quality on a very high
percentage of patient samples even when Helper T cells have
been completely eliminated from the circulation in advanced
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AIDS. Monocytes and granulocytes (neutrophils) continue to
circulate throughout the course of AIDS and the above illus-
tration is an example of how they can be used as “sensors” for
CD4 immuno-reagent activity.

[0024] The above example illustrates that the monocyte
cluster shift relative to a reference can be used as an internal
control at no added cost and no added training to check for
anti-CD4 antibody conjugate activity on virtually every
patient sample that is run. This is a significant improvement
over the use of external control materials that are convention-
ally run only once per day. External control materials are
expensive, and running them more frequently than once per
day is financially prohibitive in resource poor (and resource
rich) settings.

What is claimed is:

1. An internal quality control method comprising the steps

of:

a. Reacting a reagent consisting of at least a labeled anti-
body specific to the CD4 cell surface antigen with a
biological sample containing both lymphocytes and
monocytes
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b. Analyzing said reacted sample by means of an apparatus
capable of detecting signals from said label; said appa-
ratus further being capable of simultaneously and dif-
ferentially determining whether said signals emanate
from lymphocytes or monocytes

¢. Distinguishing said sample lymphocytes bearing said
bound labeled antibody from lymphocytes not bearing
said bound labeled antibody

d. Computing the number or percent of said sample lym-
phocytes bearing said bound label

e. Measuring the magnitude of the signal from said mono-
cytes bearing said bound label

f. Comparing said measurement to a reference signal level

g. Using said comparison to determine that the activity of
said labeled antibody was sufficient to accurately distin-
guish said sample lymphocytes bearing said bound
labeled antibody from lymphocytes not bearing said
bound labeled antibody.
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