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7) ABSTRACT

The developed reagent is three-color immunophenotyping
reagent for measurement of CD4 positive lymphocytes in
peripheral blood. The reagent contains 7-aminoactinomycin
D (7-AAD) which intercalates into double stranded DNA
and is easily excited at 488 nm. The fluorescence emission
of 7-AAD has peak at 670 nm that can be detected with FL.3
detector of flow cytometer. The 7-AAD, therefore, stains
white blood cells and discriminates it from red blood cells.
The reagent also contains fluorescein isothiocyanate (FITC)
labeled CD4 monoclonal antibody and phycoerythrin (PE)
labeled CD14 monoclonal antibody which are detected with
FL1 and FL.2 detectors of flow cytometer, respectively. The
developed reagent can be used to measure number of CD4
positive lymphocytes in lymphocyte population and monitor
monocyte contamination simultaneously. This reagent there-
fore provides more accuracy results of CD4 positive lym-
phocyte enumeration.
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CROSS-REFERENCE TO RELATED
APPLICATION

[0001] Not Applicable

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH OR DEVELOPMENT

[0002] Not Applicable

REFERENCE TO SEQUENCE LISTING

[0003] Not Applicable

BACKGROUND OF THE INVENTION

[0004] Human immunodeficiency virus (HIV) is a retro-
virus that infects cells those possess the CD4 receptor. This
infection causes the depletion of CD4 positive lymphocytes,
which is a major clinical finding in progressive infection. In
HIV infection, the absolute number of CD4 positive lym-
phocytes is an important marker for prognosis, classification
of the state of disease, treatment decision and monitoring of
therapy. Immunophenotyping using lysed whole blood
stained with monoclonal antibody panels and analyzed by
flow cytometry is the current standard method for determi-
nation of CD4 positive lymphocytes.

[0005] Recently several types of immunophenotyping
reagents for measurement of CD4 positive lymphocytes
have been developed and routinely used in clinical labora-
tory. The three-color immunophenotyping reagent is a com-
mon flow cytometric reagent for determining CD4 positive
lymphocytes in routine laboratory. The available three-color
reagents contain peridinin chlorophyll protein (PerCP) or
phycoerythrin-cyanin 5.1 (PE-Cy5) labeled CD45 mono-
clonal antibody for discrimination of white blood cells and
red blood cells and contain FITC labeled CD3 monoclonal
antibody and PE labeled CD4 monoclonal antibody for
enumeration of CD4 positive lymphocytes. Unlike two-
color reagent, a disadvantage of three-color reagents is that
it cannot indicate number of monocytes that are contami-
nated in the lymphocyte population gated during flow cyto-
metric measurement. If significant numbers of the contami-
nated monocytes are presented in the acquisition
lymphocyte gate, the obtained CD4 positive lymphocyte
number will be erroneously decreased.

[0006] We have developed a three-color reagent that can
enumerate percentage of CD4 positive lymphocytes in lym-
phocyte population and can determine the contamination of
monocytes in the acquisition lymphocyte gate, simulta-
neously. This reagent contains 7-aminoactinomycin D
(7-AAD) which can intercalate into double stranded DNA of
white blood cells and allow white blood cells, but not red
blood cells, to be detected with FL3 detector of flow
cytometer. The reagent also contains FITC labeled CD4
monoclonal antibody and PE labeled CD14 monoclonal
antibody, which allow CD4 positive cells and monocytes to
be detected with FL1 and FL2 detector, respectively.
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DETAILED DISCRIPTION OF THE INVENTION

[0007] 1. Production of Hybridomas Producing CD4 and
CD14 Monoclonal Antibodies

[0008] For CD4 monoclonal antibody production, Balb/C
mouse was immunized with SupT1 cell line. For CD14
monoclonal antibody production, Balb/C mouse was immu-
nized with CD14 expressing COS cells. By using standard
hybridoma technique, hydridoma producing CD4 mono-
clonal antibody (named MT4) and hybridoma producing
CD14 monoclonal antibody (named MT14/3) were gener-
ated. MT4 and MT14/3 monoclonal antibodies are IgM and
IgG1 isotype, respectively.

[0009] 2. Production of FITC Labeled CD4 Monoclonal
Antibody and PE-Labeled CD14 Monoclonal Antibody

[0010] Ascitic fluids containing CD4 and CD14 mono-
clonal antibody were obtained by inoculating of MT4 and
MT14/3 hybridoma clones into Balb/C mice. CD4 and
CD14 monoclonal antibodies were purified from ascites by
affinity chromatography using anti-mouse IgM coated
sepharose column and protein G coated sepharose column,
respectively. Purified CD4 monoclonal antibodies were con-
jugated with FITC and purified CD14 monoclonal antibod-
ies were conjugated with PE.

[0011] 3. Immunofluorescence Staining

[0012] Ten microlitters of 7-AAD solution, FITC labeled
CD4 monoclonal antibody and PE labeled CD14 mono-
clonal antibody are added into 100 ul of EDTA-whole blood
in 12x75 mm tube (sample tube). For control, only 10 ul of
7-AAD solution is added into 100 ul of blood in 12x75 mm
tube (control tube). All tubes are gently mixed and incubated
at room temperature for 30 minutes in the dark. Following
the incubation period, 2 ml of RBC lysing solution is added
and incubated for another 10 minutes. After centrifugation at
500xg for 5 minutes and subsequent washed with 2 ml PBS
containing 0.1% sodium azide, the cell pellets are resus-
pened in 0.5 ml of 1% paraformaldehyde in PBS. The
stained cells are then analyzed by a flow cytometer.

[0013] 4. Flow Cytometric Analysis
[0014] 4.1 Flow Cytometer Setting
[0015] The control tube is used firstly to set up the flow

cytometer. By acquisition using FL3 and SSC, red blood
cells are gated out from the 7-AAD stained white blood cells
having bright red fluorescence by the FL3 threshold (FIG.
1). The remained white blood cells are analyzed using
FSC/SSC and lymphocyte population is gated according to
their size and granularity (FIG. 2). By monitoring of FL1
and FL.2, cells in the gated lymphocyte population are set as
fluorescence-negative cell populations (FIG. 3).

[0016] Then, tube containing cells stained with FITC
labeled CD4 and PE labeled CD14 monoclonal antibodies is
used to set up the flow cytometer. The red blood cells are
removed and the lymphocyte population is gated as
described above. By FL1 and FL2 detector, cells in the
acquisition lymphocyte gate are used to set marker for

distinguishing fluorescence-negative and positive cell popu-
lations (FIG. 4).
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[0017] FIG. 1. By FL3 and SSC acquisition, the FL3
threshold is adjusted to gate out red blood cells from the
7-AAD stained white blood cells which having bright red
fluorescence.
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[0018] FIG. 2. By FSC and SSC monitoring, lymphocyte
population is gated according to their size and granularity.
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[0019] FIG. 3. By FL1 and FL.2 monitoring, cells in the
acquisition lymphocyte gate obtained from the control tube
are set as fluorescence-negative cell populations.
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[0020] FIG. 4. By FL1 and FL.2 monitoring, cells in the
acquisition lymphocyte gate obtained from sample tube are
set for distinguishing fluorescence-negative and positive cell
populations.

[0021]

[0022] The minimum of 10,000 cells is measured for both
control and sample tubes. By monitoring of FL.3 and SSC,
red blood cells are gated out from the 7-AAD stained white
blood cells by the FL.3 threshold. The remained white blood
cells are analyzed using FSC/SSC and lymphocyte popula-
tion is gated according to their size and granularity. By FLL1
and FL2, cells in gated lymphocyte population in the control
tube are used to determine non-specific binding and set
marker for distinguishing fluorescence-negative and positive
cell populations. The percentages of CD4 positive lympho-
cytes in gated lymphocyte population are determined from
the sample tube by using FL.1 and FL2. By this measure-
ment, the CD4 positive lymphocytes are CD14-/CD4+
population. While the CD14+ population indicates the num-
ber of monocytes that contaminated in the gated lymphocyte
population.

[0023]

[0024] 1. 7-aminoactinomycin D (7-AAD) concen-
tration of 100 pg/ml in phosphate buffer saline (PBS)
pH 7.2

[0025] 2. FITC labeled CD4 monoclonal antibody
and PE labeled CD14 monoclonal antibody

4.2 Enumeration of CD4 Positive Lymphocytes

5. Composition of the Developed Reagent

BRIEF SUMMARY OF THE INVENTION

[0026] The developed reagent is a three-color immu-
nophenotyping reagent for measurement of CD4 positive
lymphocytes in peripheral blood by flow cytometry. The
reagent contains 7-aminoactinomycin D (7-AAD) which
intercalates into double stranded DNA. The fluorescence
emission of 7-AAD has peak at 670 nm that can be detected
with FL3 detector of flow cytometer. The 7-AAD, therefore,
stains white blood cells and discriminates it from red blood
cells. The reagent also contains fluorescein isothiocyanate
(FITC) labeled CD4 monoclonal antibody and phycoeryth-
rin (PE) labeled CD14 monoclonal antibody which can be
detected with FL1 and FL2 detectors of flow cytometer,
respectively. The developed reagent can be used to measure
number of CD4 positive lymphocytes in lymphocyte popu-
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lation and monitor monocyte contamination in the acquisi-
tion lymphocyte population, simultaneously. This reagent
therefore provides more accuracy results of CD4 positive
lymphocyte measurement.

ABSTRACT OF THE DISCLOSURE

[0027] The developed reagent is three-color immunophe-
notyping reagent for measurement of CD4 positive lympho-
cytes in peripheral blood. The reagent contains 7- aminoac-
tinomycin D (7-AAD) which intercalates into double
stranded DNA and is casily excited at 488 nm. The fluores-
cence emission of 7-AAD has peak at 670 nm that can be
detected with FL3 detector of flow cytometer. The 7-AAD,
therefore, stains white blood cells and discriminates it from
red blood cells. The reagent also contains fluorescein
isothiocyanate (FITC) labeled CD4 monoclonal antibody
and phycoerythrin (PE) labeled CD14 monoclonal antibody
which are detected with FL1 and FL2 detectors of flow
cytometer, respectively. The developed reagent can be used
to measure number of CD4 positive lymphocytes in lym-
phocyte population and monitor monocyte contamination
simultaneously. This reagent therefore provides more accu-
racy results of CD4 positive lymphocyte enumeration.

DRAWINGS
[0028]

We claim:

1. A reagent for measurement of CD4 positive lympho-
cytes in whole blood comprising at least of 7-aminoactino-
mycin D, CD4 monoclonal antibody and CD14 monoclonal
antibody.

2. A reagent according to claim 1, wherein CD4 mono-
clonal antibody is for enumeration of CD4 lymphocytes.

3. Use of CD14 monoclonal antibody as defined in claim
1 for determining the contamination of monocytes in lym-
phocyte population.

4. A reagent according to claim 2, wherein CD4 mono-
clonal antibody is produced by MT4 hybridoma clone.

5. A reagent according to claim 3, wherein CD14 mono-
clonal antibody is produced by MT14/3 hybridoma clone.

6. Use of 7-aminoactinomycin D as defined in claim 1 for
discrimination of red blood cells from white blood cells in
the measurement of white blood cells by flow cytometry.

Not applicable
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