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METHOD OF PREPARING SPECIMEN FOR CLASSIFYING
AND COUNTING LEUKOCYTES

ABSTRACT OF THE DISCLOSURE:
— s L DAOUVLUSURE

A hematological specimen for classifying and counting
leukocytes with a flow cytometer is prepared. A sample
to be assayed is Prepared by eliminating influences of
erythrocytes from a hematological sample without changing
leukocytes morphologically; adjusting the pH value to a
level suitable for stalning; and staining the leukocytes
with at least two dyes including Astrazon Yellow 3G capable
of specifically staining at least basophils and immature
granulocytes and Neutral Red capable of specifically
staining at least eosinophils. Thus leukocytes contained
in the hematological sample can be classified at least three

or silx groups including immature granulocytes by measuring
a single specimen with a flow cytometer.

.
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METHOD OF PREPARING SPECIMEN FOR CLASSIFYING
AND COUNTING LEUKOCYTES

BACKGROUND OF THE INVENTION:
——__—_-——-_‘-_“n—_-_-_——_
Field of the Invention
—-_-—_...‘——‘-‘—"‘"—‘—-._—________-

The present invention relates to a bprocess for
preparing a specimen for classifying and counting blood
corpuscles in the practice of clinical testing. More
particularly, it relates to s method for preparing a

specimen to be used in classifying and counting leukocytes

with a flow cytometer by means of optical measurements on
blood corpuscles,

Prior Art

Peripheral blood of normal subjects contains five

types of leukocytes, namely, lymphocytes, monocytes,
neutrophils, eosinophils and basophils.

and, therefore, the classification and counting of

leukocytes contained in the peripheral blood is highly
useful in the diagnosis of various diseases.,

a patient with, for éxample, leukemia contains immature
granulocytes which are usually observed not in the

peripheral blood but in the bone marrow. Therefore,
1t is highly important to detect, classify and count
these immature granulocytes for diagnostic purposes.

commonly been accomplished by the differential counting
method which is also referred to as the visual counting
method or simply as the manual method. In this method,

a blood sample is smeared opn a glass slide and the blood
corpuscles in the smear are fixed and stained for micro-

scopic examination. The technician identifies the type
of Individual leukocytes according to their morphological

Teatures or the degree of dye uptake and thus performs
classification and counting. In ordinary laboratories,
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The differential counting method has several
disadvantages such that the preparation of the specimen

varies from technician to technician; that the small number
of leukocytes to be counted causes large statistical errors:

and that it is a great burden for the technician to classify
and count leukocytes by this method.

to thereby increase accuracy and save labor. Recently,
automated devices based on a £1ow system for solving the
above-mentioned problems have been marketed.

principle.

A device of the first type consists of three lysing
agents and three types of detection units. In the first
step, cells other than leukocytes contained in a blood
sample are lysed with the first lysing agent and RF and
DC signals of the remaining leukocytes are measured. Then
the leukocytes are classified into three types, namely '
lymphocytes, monocytes and granulocytes depending on the
difference in the signal intensity.

The RF and DC signals will be now illustrated.

A direct current (DC) is applied between electrodes

- located at the both sides of 2 small aperture. Then a

signal, which is produced due to g change in impedance upon
the passage of a particle through the aperture, is referred
to as a DC signal. On the other hand, a signal, which

1s produced due to a change in impedance upon the passage
of a particle through the aperture when a radio-frequency
(RF) current of several tens MHZ is applied between the
electrodes, is referred to as an RI¥ signal. Needless to
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In the second Step, cells other than eosinophiis
contalned in the blood sample are lysed with the second
lysing agent and the DC signals of the remaining cells are
measured. Thus the €osinophils alone are classified and
counted depending on the difference in the signal lntensity.

In the third step, cells other than basophils
contained 1n the blood sample are lysed with the third
lysing agent and the DC signals of the remaining cells are
measured. Thus basophils alone are classified and counted
depending on the difference in the signal intensity.

Finally, the neutrophils are calculated by subtract-
ing the eosinophils determined in the second step and the
basophils determined in the third step from the granulocytes
determined in the first step.

A device of the second type consists of one lysing
agent and one detection unit. As Japanese Patent Laid-Open
No. 502533/1989 describes in detail, this method comprises
treating a blood sample with g lysing agent'whereby blood
corpuscles other than leukocytes can be lysed without
damaging leukocytes, measuring RF, DC and scattered light

above-mentioned three signals.

A device of the third type consists of two agents
and two detection units. In this method, blood corpuscles
other than leukocytes contained in a blood sample are first

(lymphocytes, monocytes, neutrophils and eosinophils)
depending on the difference in the signal intensity.

Then the blood sample is treated with another lysing
agent capable of lysing blood corpuscles other than
basophils. After measuring two types of scattered

light signals, the basophils are classified and counted
depending on the difference in the signal intensity.

......
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From the viewpoint of precision, in particular, a remarkable
improvement has been achieved. Thus these automated methods
are almost satisfactory in the practice of clinical testing.
However none of these methods makes it possible
to specifically classify and count immature granulocytes.
Accordingly, there is g problem that a sample containing
immature granulocytes cannot be accurately analyzed or the
presence of immature granulocytes per se cannot be detected
by these methods. 1In marketed devices, an abnormality in a
scattergram due to the occurrence of immature granulocytes
1s detected and a warning of, for example, abnormal or
suspect flag 1s given so as to urge re-examination with the
manual method by a technician, thus minimizing overlooking
of abnormalities. In this case, however, the re-examination

with the manual method is required, which means the object
of labor-saving is not completely achieved.

Separately, there have been reported some methods
whereby fluorescence or scattered light of each leukocyte in
a fluorochrome-stained blood sample are measured with a flow
cytometer so as to classify leukocytes. Major examples of
these methods are described in Japanese Patent Publication
No. 853/1984, Japanese Patent Laid-Open No. 20820/1975 and
Japanese Patent Publication No. 70166/1988.

Furthermore, we have proposed methods of classifying

cytometer in Japanese Patent Laid-Open No. 134957/1988
entitled "METHOD OF CLASSIFYING LEUKOCYTES BY FLOW
CYTOMETRY" and Japanese Patent Laid-Open No. 134958/1988
entitled "METHOD OF CLASSIFYING LEUKOCYTES BY FLOW CYTOMETRY
AND REAGENTS USED IN THE METHOD.

When a specimen, obtained by eliminating influences
of blood corpuscles other than leukocytes from a

[ d s p -



monocytes 2' and Eranulocytes 3' mainly depending on
the difference 1in the side scattered light Intensity and
each of these subpopulations can be easily classified

5 and counted. It ig also possible, further, to divide the
granulocytes into subpopulations comprising eosinophils

basophils and neutrophils by combining the saiqd process

with the above-mentioned fluorochrome-staining.
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10 have already disclosed a method of dividing leukocytes into

to be used in thils method. In this method, eosinophils
and basophils are Specifically fluorochrome-stained with
15 Astrazon Yellow 3G. As the results of continuous studies
we have found out that Astrazon Yellow 3G further speci- |
fically stains immature granulocytes and thus allows
the immature granulocytes to emit specific fluorescence
to a Qegree comparable to €oslnophils, as Fig. 3 shows.
20 1', 2', 3", 4' and 5° respectively mean lymphocytes,
monocytes, neutrophils, eosinophils and immature
granulocytes, and basophils. '

In this method, however, eosinophils are equivalent
with immature granulocytes in intensity of fluorescence
25 and fluorescent wavelength as well as in intensity of
slde scattered light signal. It is therefore impossible
to separate eosinophils and immature granulocytes into
different subpopulations.
| In Japanese Patent Laid—Opén No. 134957/1988, we

30 have further disclosed a method for classifying leukocytes
Into five types with the use of a combination of Neutral

Red, which specifically stains eosinophils, with Astrazon
Orange G, which specifically stains basophils. In this

method, it 1s also impossible to specifically stain
35 immature granulocytes and,‘therefore, granulocytes cannot
be separated from immature neutrophils.

‘‘‘‘‘‘
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leukocytes wherein all leukocytes including immature
granulocytes are fluorochrome-stained with Basic Orange 21
and then counted under a fluorescent microscope. However
the above-mentioned disadvantages of the manual method

cannot be solved by this method. Thus this U.S. patent
provides no automated method.

SUMMARY OF THE INVENTION:
—— oo VAN LLON

As described above, the present Invention aims at
specifically detecting, classifying and counting immature
granulocytes, which cannot be achieved by conventional
automated methods, and providing a method for preparing a
specimen for flow cytometry in order to classify and count
immature granulocytes and to classify and count leukocytes
involving immature granulocytes.

The above~mentioned objects of the present invention
can be achieved by treating leukocytes with Astrazon Yellow
3G, capable of specifically staining basophils and immature
granulocytes, and with Neutra] Red, capable of specifically
staining eosinophils and suppressing the specific staining
of eosinophils with Astrazon Yellow 3G, at a pH value
suitable for staining to thereby specifically fluorochrome-

stain basophils,'immature granulocytes and eosinophils.

BRIEF DESCRIPTION OF THE DRAWINGS:
e e e a4 YRAWILINGS

Fig. 1 is a schematic view showing the construction

0f a marketed flow cytometer to be used for embodying the
present invention.

specimen, which is prepared by eliminating influences of

blood corpuscles other than leukocytes from a hematological

sample, with the flow cytometer shown in Fig. 1.
Fig. 3 is a scattergram wherein the Intensity of
fluorescence and side scattered light intensity due to

staining with Astrazon Yellow 3G alone are referred to

as the coordinate axes.

as the coordinate axes.
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red fluorescence and the intensity of green fluorescence
obtained by staining a specimen with Neutral Red alone
are referred to as the coordinate axes.

Fig. 7 1s a scattergram wherein the side scattered
light intensity and the intensity of red fluorescence
obtained by staining a specimen with Neutral Red alone
are referred to as the coordinate axes.

Fig. 8 is a scattergram wherein the intensity of

Astrazon Yellow 3G and Neutral Red are referred to as

Fig. 11 is a Scattergram wherein the side scattered

Flg. 12 1s a scattergram wherein the side scattered
light intensity and the forwarg scattered light intensity
obtained when erythrocytes Pass simultaneously are referred
to as the coordinate axes.

Fig. 13 is a scattergram wherein the intensity of
red fluorescence and the intensity of green fluorescence

‘are referred to as the coordinate axes.

a 3 .
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to as the coordinate axes.

Fig. 17 is a scattergram wherein the side scattered
light intensity and the intensity of red or green

light intensity and the Intensity of red or green

Fig. 22 1is a scattergram wherein the Intensity of
red fluorescence and the Intensity of green fluorescence
of the specimen obtained in Example 1 are referred to as
the coordinate axes. '

..............
"""""""""""""""
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of the specimen obtained In Example 2 are referred to as
the coordinate axes.

IFig. 25 1is a scattergram'wherein the side scattered
light intensity and the intensity of red or green

Fig. 29 is a scattergram wherein the intensity of
red fluorescence and the intensity of green fluorescence

of the specimen obtained in Example 4 are referred to as
the coordinate axes. |

Fig. 31 1s a scattergram wherein.the Intensity of
red fluorescence and the Intensity of green fluorescence
of the specimen obtained in Example 5 are referred to as
the coordinate axes.

Fig. 32 is a scattergram wherein the side scattered
light intensity and the intensity of red or green
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light source,
lens,

condenser lens
condenser lens.
beam stopper,

- 9! light detection units,
- 11: dichroic mirror,
particle,

sheath fluid inlet,
signal-treatment unit,
analysis unit,

nozzle,

flow cell,

flow area of particle,

forward scattered 1ight,
red fluorescence,

green fluorescence,

side scattered light,

: lymphocytes, .

. Mmonocytes,

+ granulocytes,

neutrophils,

: eoslnophils, immature granulocytes,
basophils,

]: erythrocytes,

[Eo]: eosinophils,
[Granul]: granulocytes,

[Lym]: lymphocytes,

[Mono]: monocytes,

[Neut]: neutrophils,

[Ba]: basophils,

[Im]: immature granulocytes,

[Iml]: immature granulocyte group 1,

[Im2]: immature granulocyte group 2, _

[Al]: subpopulation comprising leukocytes other

than basophils, eosinophils and immatures,

[A2]: subpopulation,comprising leukocytes other

than eosionphils
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[A3]:

[A4]:

[A5]:

[AB]:

[AT]:

[A8]:
[AS]:

[A10]:

[Al11]

[A12]:

A RPN |
- l l —

subpopulation comprising leukocytes other

“than basophils and immature granulocytes,

subpopulation comprising leukocytes other
than €osinophils, basophils and immature
granulocytes,

subpopulation comprising blood corpuscles
other than eosinophils,
subpopulation-comprising lymphocytes and blood
corpuscles other than leukocytes,

subpopulation comprising blood corpuscles
other than leukocytes,

: subpopulation comprising leukocytes other than

eosinophils,

subpopulation comprising blood corpuscles
other than leukocytes,

[A18]3'subpopulation comprising blood corpuscles

[Al4]:

{A15]:

[Al6]:

[A17]:

[A18]:
[A19]:

[A20] ;

other than eosinophils,

subpopulation comprising blood corpuscles
other than eosinophils,

subpopulation comprising blood corpuscles
other than basophils and lmmature
'granulocytes,

population comprising blood corpuscles other
than eosinophils,

subpopulation comprising blood corpuscles
other than monocytes, neutrophils, immature
granulocytes 1, immature granulocytes 2 and
basophils, |
pPopulation. comprising leukocytes alone,

population comprising leukocytes other than
eosinophils,

Population comprising leukocytes other than
eosinophils,

4 = 4 e
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[A21]: population comprising leukocytes other than
eoslnophils,

[W1] to [ws8]: windows 1 to 58,
DETATLED DESCRIPTION OF THE INVENTION:
———mmne oot 2 ON OF THE INVENTION

Now the present invention will be described in
greater detail by citing a specimen, from which Dlatelets
and erythrocytes usually contained in a hematological sample

have been eliminated by an appropriate method,. by way of
example.

1s based on the functions of two dyes. When the specimen

is stained with Astrazon Yellow 3G alone, basophils,
immature granulocytes and eosinophils are specifically
fluprochrome-stained. After assaying with a flow cytometer,
a scattergram is formed by referring the intensity of

green fluorescence angd that of red fluorescence to as the
coordinate axes, as shown in Fig. 4. Thus leukoecytes can be
divided into two subpopulations depending on the difference
in the intensity of green or red fluorescence, namely,

one comprising basophils [Ba], immature granulocytes {Im)
and eosinophils [Eo] and another one comprising other
leukocytes [Al]. Alternately, another scattergram is formed
by referring the side scattered light intensity and the
intensity of green or red fluorescence to as the coordinate
axes, as shown in Fig. 5. Thus leukocytes can be divided
into three subpopulations depending on the difference in

the intensity of green or red fluorescence and the side

scattered light intensity, namely, one comprising basophils

[Ba], one comprising Immature granulocytes [Im] and

- eosinophils [Eo] and one comprising other leukocytes [Al].
~However it is impossible by thils method to classify and

count immature granulocytes alone.

When the specimen is stained with Neutral Red
alone, on the other hand, eosinophils are specifically
fluorochrome-stained in red. After assaying with a
flow cytometer, a scattergram is formed by referring the
Intensity of red fluorescence and that of green fluorescence
to as the coordinate axes, as shown in Fig. 6. Alternately,
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scattered light intensity and the intensity of red
fluorescence to as the coordinate axes, as Fig. 7 shows.
Thus leukocytes can be divided into two subpopulations
depending on the difference in the intensity of red
fluorescence, namely, one comprising eosinophils [Eo]
and another one comprising other leukocytes other than
eosinophlls [A2]. However it is impossible to separate
immature granulocytes alone by this method.

When a specimen 1is fluorochrome-stained in the
coexistence of Astrazon Yellow 3G and Neutral Red in
accordance with the method of the present invention,
Astrazon Yellow 3G specifically stains basophils and
immature granulocytes. The staining of eosinophils
with Astrazon Yellow 3G is suppressed by Neutral Red
and thus no specific difference in the intensity of
green fluorescence is observed. However eosinophils |
are specifically stained in red with Neutral Red. After
assaying with a flow cytometer, a scattergram is formed

as shown in Fig. 8. Thus leukocytes can be divided into
three subpopulations, namely, one comprising basophils [Ba]l,
one comprising immature granulocytes [Im] and one comprising
other leukocytes [AS3].

When a scattergram is formed by referring the

to as the coordinate axes as shown in Fig. 9, the leukocytes
can be divided into three subpopulations depending on the
difference in the intensity of red or green fluorescence,
namely, one comprising basophils {Bal] and immature
granulocytes [Im], one comprising eosinophils [Eo] and
one comprising other leukocytes [A4].

Although the staining mechanism of each dye has never
been fully clarified, it is assumed that the staining would

proceed as follows. It has been already known that each
leukocyte contains substances specified below.
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1. Basophils contain acldic mucopolysaccharides such
as heparin in basophilic granules.

2. Immature granulocytes contain mucopolysaccharides
in primary granules.

substances described in the above 3. and, therefore, a
difference in the intensity of fluorescence, whereby blood
corpuscles can be separated from each other, is observed
when analyzed with a flow cytometer.

| As described above, immature granulocytes, basophils
and eosinophils can be Separated by means of specific
fluorescence. However lymphocytes, monocytes and
neutrophils contained in a blood sample scarcely contain
the above-mentioned substances and, therefore, cannot
be specifically stained. Although Astrazon Yellow 3G
nonspecifically and Weakly stains granules contained in
lymphocytes, monocytes and neutrophils and thus these
leukocytes emit slight fluorescence, these leukocytes can be
hardly separated depending on the intensity of fluorescence.
In order to classify these leukocytes, a scattergram is
formed by referring the Intensity of red fluorescence
and that of green fluorescence to as the coordinate axes,
as shown in Fig. 10. Then the data of a subpopulation
comprising lymphocytes, monocytes and neutrophils
[Lym + Mono + Neut] are taken out by a window 1 [W1]
and another scattergram is formed by referring the side
scatteréd light intensity and the intensity of red or green
fluorescence as the coordinate axes, as shown in Fig. 11.
Thus the lymphocytes [Lym], monocytes [Mono] and neutrophils
[Neut] can be divided into three subpopulations, each
comprising a single type of leukocytes, mainly depending
on the difference in the side scattered light intensity.

A procedure for taking out a single subpopulation on

a scattergram by enclosing within an area (i.e., a window),



10

15

20

25

30

35

<7173

_15_

which is commonly employed In flow cytometry, is generally
called "gating".

Further, leukocytes in each subpopulation can be

blood corpuscles. Similarly, each leukocyte subpopulation
may be enclosed within a window followed by counting the
blood corpuscles therein.

Hematological samples usually analyzed in clinical
testing laboratories are peripheral blood which contains
blood corpuscles other than leukocytes, mainly erythrocytes.

When erythrocytes are contained in samples, the following
influences are observed.

Influences of erythrocytes

In general, a blood sample contains about 1,000
times 1in number as many as erythrocytes compared with
leukocytes. However erythrocytes are never stained by
the above-mentioned fluorochrome-staining method and thus
emit little fluorescence. Thus erythrocytes exert no
influence on the classification and counting of immature
granulocytes, eosinophils and basophils each emitting
specific fluorescence. |
| When leukocytes emitting no specific fluorescence
(in particular, lymphocytes) are to be classified and
counted, however, the presence of erythrocytes causes
a problem. For example, lymphocytes cannot be completely
separated from erythrocytes depending on the forward
scattered light intensity or side scattered light intensity.
In this case, therefore, it 1s impossible to accurately
classify leukocytes. |

When a large amount of erythrocytes pass through
a detection unit of a flow cytometer'simultaneously with
leukocytes, furthermore, the intensity of scattered light
slgnal of the leukocytes becomes inaccurate and, therefore,

the classification of leukocytes [Lym], monocytes [Monol and
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granulocytes [Granul], depending on scattered light, becomes
difficult. Fig. 19 shows the distribution of scattered
light intensity of leukocytes observed when erythrocytes
pass simultaneously. The area [R] delineated with a single-
dot chain line means the distribution of erythrocytes.

As Fig. 12 shows, the Intensity of forward scattered light
and the intensity of side scattered light of erythrocytes
are ldentical with lymphqcites and therefore lymphocytes

populations from each other. It 1s therefore required to
eliminate the influences of erythrocytes from a bloog sample
in order to exactly classify leukocytes. Although there
have been known several methods for removing erythrocytes
from a blood sample, thege conventional methods are disad-
vantageous in that, for ¢xample, a troublesome procedure
is required or the staining of leukocytes is inhibited.
Problems in staining leukocytes are described in
detall in Japanese Patent Laid-Open No. 134957/1988 and
Japanese Patent Laid-Open No. 134958/1988. 1In thesé
literature, furthermore, methods for eliminating the
influences of erythrocytes for stalning leukocytes
are disclosed. These methods can be applied to the
fluorochrome-staining in the method of the present
invention, unexpectedly without essentially
modifying.

Now these'methods will be described in detail.

First step for eliminating influences of erythrocytes

In this step, erythrocytes alone are reduced into

fragments in order to lower the scattered light intensity
of the erythrocytes. Thus the influences on the scattered

erythrocyte fragments can be separated from leukocytes
(in particular, lymphocytes).

.......

v
-----
.
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First, the hematological sample is treated under hypotonic
and acidic conditions to thereby reduce erythrocytes into
fragments. More particularly Sspeaking, the erythrocytes

When the erythrocytes are completely lysed, the pH valye
and osmotic pressure are controlled each to a level causing
no damage on leukocytes, Thus erythrocytes can be reduced
into fragments without damaging leukocytes.

AsS a result, the Scattered light intensity of
erythrocytes is reduced to a level corresponding to 1/2 to

1/3 of that of lymphocytes. Thus the simultaneous passage
of erythrocytes with leukocytes is negligible in practice.

When this method is applied to the above-mentioned
staining method, the scattered light intensity of leukocytes
can be measured at ap extremely high accuracy. As Fig. 13
shows, for example, the data of a subpopulation [A5]

scattergram wherein the intensity of red fluorescence and
the intensity of green fluorescence are referred to as the
coordinate axes. As Fig. 14 shows, a scattergram wherein

namely, one comprising basophils [Ba], one comprising
neutrophils [Neut], one comprising monocytes [Mono], one

unexpectedly, two subpopulations of lmmature granulocytes
[Iml] and [Im2]. Each of the leukocyte subpopulations is

enclosed within a window and leukocytes therein are counted.

Thus six leukocyte subpopulations can be classified and
counted.

On the other hand, as Fig. 15 shows, the
subpopulation [A7] comprising erythrocyte fragments and
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(A8] comprising leukocytes alone are taken out, depending on
the difference in the intensity of forward scattered light.
Then a scattergranm is formed by referring the intensity of
red fluorescence and the intensity of green fluorescence to
4s the coordinate axes (Fig. 16). Thus the leukocytes are

divided into €osinophils [Eo] and a subpopulation comprising
leukocytes other than €osinophils [A9]. Further. the sub -

comprising monocytes [Mono], one comprising neutrophils
[Neutl}, one .comprising basophils [Ba], one comprising
immature granulocytes 1 [Iml] and another one comprising
immature granulocytes 2 [Im2]. In this case, therefore,
seven leukocyte Spropulations can be classified and

Second Step for eliminating influences of erythrocytes

In order to separate leukocytes (in particular,
lymphocytes), which are not stained with the above-mentioned
Astrazon Yellow 3G or Neutral Red, from erythrocytes,
leukocytes are treated with a third dye capable of
nonspecifically staining leukocytes so as to exclusively
staln leukocytes. Then erythrocytes are separated from
léukocytes'depending on the difference in the Iintensity
of fluorescence. ;

A fluorescent dye to be used here is selected from
among those which never Inhibit the specific staining with
Astrazon Yellow 3G and Neutral Red and can stain substances
contained exclusively in leukocytes. Components existing

In leukocytes alone involve nuclei and cytoplasm, since
eosinophils have neither nuclei nor cytoplasm.

Accordingly, a dye capable of stailning either nuclei
Oor cytoplasm or both of these substances should be selected

.
‘‘‘‘‘‘

______
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here. Examples of g dye satisfying this requirement are as
follows.
(1) Astrazon Orange R (CI No. 48,040,
CU Basic Orange 22)

(2) Astra Violet (CI No. 48070, Basic Red 12)
(3) Rhodamine 8G (CI No. 45180)

(4) Rhodamine 19

(5) Rhodamine B (CI No. 45170, Basic Violet 10)
(6) Rhodamine 3G0o (CI No. 45210, Basic Red 3)
(7) Pyronine B (CI No. 45010)

(8) Cyanosine

(9) 3.3'-dimethylthiocarbocyanine iodide

(10) 3,3’~diethylthiocarbocyanine iodide

(11) 3,3"-dipropyloxacarbocyanine iodide

(12) 3,3'-dihexyloxacarbocyanine iodide

(13) 3,6-bis(dimethylamino)—10-dodecylacridinium

bromide _

(14).7~benzylamino~4-n1trobenzoxadiazole

(15) 7—fluoro-4-nitrobenzoxadiazole

(16) Astrazon Red 8B (CI No. 48020, Basic Violet 7)

Although the effects of these dyes have been
confirmed by us, the present invention is not restricted
thereto. Namely, any dye may be used so long as it
satisfies the above-mentioned requirements.

When this method is combined with the above -mentioned

~ staining method, leukocytes can be finally classified

into at least six subpopulations respectively comprising
eosinophils immature granulocytes, basophils, neutrophils,

- monocytes and lymphocytes and the blood corpuscles contained
‘in each subpopulation can be counted. When a scattergram

is formed by referring the Intensity of red fluorescence

and the intensity of green fluorescence to as the coordinate
axes (Fig. 18), for example, a subpopulation comprising
blood corpuscles other than leukocytes [A1l0], a
subpopulation comprising eosinophils [Eo}l, a subpopulation
comprising leukocytes other than eosinophils [A1l1] are

observed and, therefore, the eoslnophils can be classified
and counted.

......
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Then the data of the subpopulation [A11] comprising
leukocytes other than eosinophils are taken out with a
window 5 [W5] and a scattergram is formed by referring the
side scattered light intensity and the intensity of red or
green fluorescence to as the coordinate axes, as shown in

Fig. 19. Thus the leukocyte subpopulation [A11] is divided
into five subpopulations, namely, one comprising lymphocytes
{Lym], one comprising monocytes [Mono]}, one comprising
neutrophils {[Neut], one comprising basophils [Baso] and

one comprising immature granulocytes [Im] and leukocytes

in each subpopulation can be classified and counted.

In this method, however, the phenomenon that the
simultaneous passage of erythrocytes and leukocytes makes
the‘scattered light intensity of leukocytes somewhat
inaccurate cannot be denied. Thus it is difficult to
separate immature granulocytes into two groups.

Third method for eliminating influences of erythrocytes

The two steps for eliminating influences of
erythrocytes as described above can be applied, either

separately or simultaneously, to the above-mentioned method
for stailning leukocytes without essentially modifylng. Thus
all leukocytes Including lymphocytes can be separated from
other blood corpuscles depending on the difference in the
Intensity of fluorescence and the side scattered light of

.1eukocytes can be accurately measured. When a scattergranm

1s formed by referring the intensity of red fluorescence
and the intensity of green fluorescence to as the ceordinate
axes, as shown in Fig. 20, three subpopulations, namely, one
comprising blood corpuscles other than leukocytes [A12], one
comprising eosinophils [E0o] and one comprising leukocytes

other than eosinophils [A13] are observed. Thus the

Then the data of the subpopulation [Al13] are taken
out by enclosing within a window 6 [W6] and a scattergram
is formed by referring the side scattered light intensity
and the intensity of red or green fluorescence to as the
coordinate axes (refer to Fig. 21). Thus six subpopulations
including one comprising lymphocytes [Lym], one comprising

.....
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monocytes [Mono], one comprising neutrophils [Neut],

one comprising basophilsg [Baso], one comprising immature

granulocytes 1 {Iml] and another one comprising immature

granulocytes 2 [Im2] are formed and the leukocytes in each
5 subpopulation can be classified and counted.

Now structures of the dye to be used in the method of
the present invention wil} be given.

Astrazon Yellow 3G (CI No. 48.055, CI Basic Yellow 11)

CHas CHsj

//, CH=CH-NH OCHgj

l\ll ®
CHa CL OCH3

10 Neutral Red (CI No. 00,040, CI Basic Red 5)

CHs
C) |
CHz—N==x_ _~
| N NH,
CHsa H

ce ©

Astrazon Orange R (CI No. 48,040, CI Basic Orange 22)

CHs CHga

’ .
0000000
L
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Astrazon Violet (CI No. 48,070, Basic Red 12)
CHa CHj CHs CHj

//,-—-CH=CH~CH \\\\

’e il

CHs CR (& CHs
Rhodamine 6G (CI No. 45,160)

(I)

5 In formula (I), R,: =N+HCZH5,
R2: -NH-CsHs,
Ra: *COOCQHS,
Ra, Rs: -CHj.

Rhodamine 19
10 | - In formula (I), R;: =N+H~Csz,.
Rzi -NH-C2Hs,
Rz: -COOH,
Ra, Rs: -CHs.

Rhodamine B (CI No. 45,170, Basic Violet 10)
15 In formula (I), R,: #N+H2,
Ra: -NH,,
Rs: ~-COOCHsj,
Ra, Rs: -H.

““““

.
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Rhodamine 3G0 (CI No. 45,210, Basic Red 3)
In formula (I), R,: =N‘H-CH,,

Ro: ~NH,,
Ra: ~-COOCHj3,

5 Ra: -CHjy,
Rs: ~H.

Pyronine B (CI No. 45,010)

CoHg — N

Cals

Cyvanosine

Br
0 -0
90
10
CL . ~ CO0OC2 Hs
ce”” , o

Ce

3,3'-Dimethylthiocarbocyanine "fodide

Ra ///R2
CHH=CH-CH= o (II)
SN

N
3 |
R

1 I0 R
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In formula (II), Ri: -CHj,
Ro: -S-,
3,3'—Diethylthiocarbocyanine lodide
In formula (II), R!: -C2Hs,
Ro: -8~
3,3'—Dipropyloxacarbocyanine lodide
In formula (II), R,: -CgH~,
Ro: -0-.
3,3'—Dihexyloxacarbocyanine lodide
In formula (II), R!: -CeH, 3,

5 Br ()
CHg —N — )
l N \N-—-CHQ
CHg | |
Ci2Has CHg

NO» NH“CH2——<i:::>
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Astrazon Red 8B (CI No. 48,020, Basic Violet 7).

CHz CHj

\

i

CH CH— N-CHoCH,2CZ

-
\ I;I © CH2CHa

CHs CR

The term "hematological sample” as used herein means
a8 biological sample mainly comprising blood cells which is
obtained from animal (in particular, human) peripheral blood
Oor bone marrow punctate. A Preferable example thereof ig
venous blood which has been treated with an anticoagulant.
Further, a specimen obtained by previously eliminating blood

hematological sample by a suitable method such as density

gradient centrifugation may be preferably used in the
present invention.

The terms "basophils" and "eosinophils” as used
herein respectively mean basophils and eosinophils

stain. immature granulocytes con91st of promyelocytes,

myelocytes and metamyelocytes 1dentified by the manual
'method The above—mentioned two groups of immature

mainly comprising promyelocytes, in which the presence
of primary granules (azure granules) is identified,

~and another group 2 mainly comprising myelocytes and

metamyelocytes, in which little primary granules are
identified.

A Tlow cytometer is a device by which at least three

~optical data (red fluorescence, green fluorescence, side

scattered light), preferably four optical data (forward
scattered light and the above-mentioned three factors)
can be measured, as shown in Fig. 1. Thus types of cells
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can be analyzed depending on these four optical data. In
the present invention, a commonly marketed flow cytometer

specifically staining eosinophils and a buffer for adjusting
the pH value to a level suitable for specifically staining
the basophils, immature granulocytes and eosinophils in said
hematological sample to thereby specifically fluorochrome-
stain at least the basophils, immature granulocytes and
eosinophils. The amount of Astrazon Yellow 3G sufficient

at least for specifically staining basophil and immature
granulocyte corresponds to a concentration of 50 mg/l or

above in the aqueous solution. It has been confirmed that

1,000 mg/l. However this does not mean that the effects
of the present invention would disappear at a concentration
exceeding the above-mentioned level.

The amount of Neutral Red sufficient for specifically
staining eosinophils corresponds to a concentration of 1
mg/l or above in the aqueous solution. Still preferably,
the concentration of Neutral Red ranges from 1/50 to 1/10

0f the Astrazon Yellow 3G concentration. The staining with

Astrazon Yellow 3G ig competitive with the stalning with
Neutral Red and, therefore, an extremely high concentration
Oof Neutral Red, compared with the Astrazon Yellow 3G

concentration, would inhibit not only the stalning of
eosinophils with Astrazon Yellow 3G but alsoc the specific
staining of basophils and immature granulocytes.

-------
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shape. In this case, furthermore, the decomposition of
Astrazon Yellow 3G causes the formation of precipitates
which interfere the measurement with a flow cytometer.

PH value of the mixture at a level suitable for staining
comprises using a buffer. Any buffer may be arbitrarily
used in the present ilnvention without restriction, so long

5 to 100 mM/1, though it is not particularly restricted.
In the embodiment of the method of the present invention,
it is not eéssentially required to use a buffer. Namely, any

other method may be employed so as to adjust the pH value
from 7.0 to 11.0.

The mixing ratio by volume of the hematological
sample to the aqueous solution is not particularly |
restricted. In the measurement with a flow Cytometer, the
mixing ratio may Preferably range from 1 - o to 1 : 200.

The time'required for completing the staining
somewhat depends on temperature. At a room temperature
(18 to 25°C), the staining may be completed within 10 to
40 seconds. The staining period is somewhat shortened
at a higher temperature and, on the contrary, somewhat
rrolonged at a lower temperature.

In order to prevent leukocytes from being damaged and
to maintain at least lymphocytes, monocytes and neutrophils
in a shape required for separation depending on scattered
light, the osmotic bressure may preferably range from 100
to 500 mOsm/kg, still breferably from 200 to 400 mOosm/kg.

When the osmotic pressure of the mixture does not

fall within the range as specified above, it 1s recommended

to add an osmolarity compensating agent to the agqueous

solution. As the osmolarity compensating agent, those
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physiological osmotiec pressure (for example, alkali metal
salts and saccharides) may be preferably used, though the

When the specimen thus obtained is assayed with a
flow cytometer, leukocytes can be divided into at least
three subpopulations respectively comprising basophils {Ba],
immature granulocyvtes [Im] and eosinophils [Eo], as Figs. 8

and 9 show. Thus each subpopulation can be classified and
counted.

neutralizing the acid and an osmolarity compensating
agent for controlling the osmotic pPressure at a level
for maintaining the shape of leukocytes, i1s added to the
mixture before leukocytes undergo morphological changes.

- Thus a hematological sample, from which the influences

of erythrocytes have been eliminated, is obtained.

No. 134957/1988.

The hematological sample, from which the influences
of erythrocytes have been eliminated as described above,
is then fluorochrome-stained with Astrazon Yellow 3G and
Neutral Red. Thus a specimen for the measurement with
a flow cytometer is obtained.

The term "acidic" as used above preferably means a pll
value of from 2.0 to 5.0, still preferably from 2.5 to 4.0.

v L e
.........
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stain of leukocytes isg evidently inhibited. When the pH
value exceeds 5.0, on the other hand, the reduction of
erythrocytes into fragments is evidently inhibited.

The term "hypotonic" as used above means an osmotic
pressure of 100 mOsm/kg or below. When the osmotic pressure
exceeds 100 mOsm/kg, the reduction of erythrocytes into

into fragments somewhat depends on temperature. At room
temperature (18 to 25°C), it is completed within 5 to 20
seconds.

The reaction time 1is somewhat shortened at a higher

temperature and, on the contrary, somewhat prolonged at
a lower temperature. |

The step for specifically fluorochrome—staining
basophils, immature granulocytes ang eosinophils can
be performed simultaneously with the step for reducing
erythrocytes into fragments.

For example, this can be achieved as follows. First,

1s mixed with a hematological sample and thus erythrocytes
are reduced into fragments. Then a second aqueous solution
comprising a buffer for neutralizing said acid in the
buffer in the first fluig and maintaining a pH suitable
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When the specimen brepared by this method 1ls assayed
with a flow cytometer, leukocytes can be divided into six
subpopulations, namely, one comprising eosinophils [Eo},
one comprising monocytes [Mono], one comprising neutrophils
[Neut], one comprising basophils [Ba], one comprising
Immature granulocytes 1 [Iml] and another one comprising
Immature granulocytes 2 [Im2], as Figs. 13 and 14 show.

In the above €xample, the optical informations to
be measured include three factors, i.e., green fluorescence,
red fluorescence and Side scattered light. When four
optical factors (forward scattered light is added to the
above-mentioned three ones) are measured, leukocytes can be
divided into seven Ssubpopulations, namely, one comprising
eosinophils [Eo], one comprising lymphocytes [Lym]. one
comprising monocytes [Mono], one comprising neutrophils
[Neut], one comprising basophils [Ba], one comprising
lmmature granulocytes 1} [Iml] and another one comprising
immature granulocytes 2 [Im2] as Figs. 15, 16 and 17 show.
Thus each leukocytes can be classified and counted.

Now, a method for preparing a specimen wherein s

a second step for staining exclusively ‘leukocytes will be
described. |

In this second step, a dye capable of staining
leukocytes (in particular, lymphocytes) which are not
fluorochrome-stained with Astrazon Yellow 3G or Neutral
Red, without inhibiting the staining with Astrazon Yellow
3G and Neutrai Red is used. Thus a specimen for separating
leukocytes from erythrocytes depending on the difference

in the Ilntensity of fluorescence at the measurement with
a flow cytometer is obtained.

----
lllllll
......
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Particular examples of dyes usable for this purpose
are as follows.

(1) Astrazon Orange R (CI No. 48040,

CI Basic Orange 22)
(2) Astra Violet (CI No. 48070, Basic Red 12)
(3) Rhodamine 8G (CI No. 45180)
(4) Rhodamine 19
(5) Rhodamine B (CI No. 45170, Basic Violet 10)
(6) Rhodamine 3G0O (CI No. 45210, Basic Red 3)
(7) Pyronine B (CI No. 45010)
(8) Cyanosine

(9) 3,3'~d1methylthiocarbocyanine lodide
(10) 3.3’-diethylthiocarbocyanine iodide
(11) 3,3’-dipropyloxacarbocyanine iodide
(12) 3,3'-dihexyloxacarbocyanine 1odide

(13) 3.6—bis(d1methylamino)-10-dodecylacridinium
bromide

stalning basophils and'immature granulocytes, Neutral Red.
capable of specifically staining eosinophils, a buffer for

‘adjusting the PH value of the mixture at a level suitable
for staining and'at least one dye selected from among those

cited above. This aqueous solution may further contain
an osmolarity compensating agent.

The optimum concentration of the dye capable of
stalining at least one of nuclei and cytoplasm of leukocytes
vary from dye to dye. Therefore the optimum concentration
1s to be experimentally determined.

When the specimen prepared by this method 1s assayed
with a flow cytometer, leukocytes can be divided into Six
Ssubpopulations respectively'comprising eosinophils [Eo],
lymphoé&tes [Lym], monocytes [Monol, neutrophils {Neut],
basophils [Bal and immature granulocytes [Im], as Figs. 18 |

e
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and 18 show. Thus each leukocytes can be classified and
counted.

Oof leukocytes can be performed simultaneously with the first
step for reducing erythrocytes into fragments.

For example, this can be achieved as follows. First,

When the specimen prepared by this method is assayed
with a flow cytometer, leukocytes can be divided into seven
subpopulations, namely, one comprising eosinophils [Eo],
one comprising lymphocytes [Lym], one comprising monocytes
[Mono], one comprising neutrophils [Neut], one comprising
basophils [Ba], one comprising immature granUIOCytés 1 {Iml}]
and another one comprising immature granulocytes 2 [Im2]
simply by measuring three optical signals (i.e., red

Tluorescence, green Tluorescence, side scattered light),

as kFlgs. 20 and 21 show. Thus each leukocytes can be
classified and counted.

Examples

To further 1llustrate g preferable embodiment of
the present invention, and not by way of limitation, the

following Examples will be given.

a schematic diagram showing the construction of a common
flow cytometer. In Filg. 1, 1 is a light source of the
flow cytometer from which light of a wavelength suitable
for exciting the specific fluorescence at least from

77777
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eosinophils, basophils and lmmature granulocytes stained
with Astrazon Yellow 3G and Neutral Red is emitted. As this
light source 1, an argon ion laser or a mercury arc lamp
capable of emitting light of 400 to 520 nm in wavelength
may be preferably used. The light from the light source

1s condensed in a flow area 20 of particles by a lens 2

in the form of a flat circle and a particle 13 (cell etc.)
passing therethrough is irradiated therewith. Thus forward
scattered lféht 21 is emitted forward from the particle 183,

enveloped in a sheath fluigdg supplied from a sheath fluid
Inlet 14, and then form a sheath flow in a flow cell.

Direct light is removed from the forward scattered
light 21 with a beam stopper 5 and the scattered light is
transported to a light detection unit 6 via a condenser
lens 4. On the other hand, the lights 22, 23 and 24 emitted
sideway are transported to light detection units via a

condenser lens 3. The side scattered light 24 is reflected

detection unit 7. The red fluorescence 22 is reflected upon
a dichroic mirror 11 and transported to a light detection
unit 8. The green fluorescence 23 passes through a dichroic
mirror 11 and 1s transported to a light detection unit 9.
Then the lights transported to the light detection units 86,

analyzed in an analysis unit 18.

The term "forward scattered light"” to be used herein
means scattered light emitted from a cell passing through
the detection unit at a narrow angle of almost 0°® based on
the emission axis of the light source.,

The term "side scattered light" as used herein means
scattered light emitted from a cell to be detected at an
angle of almost 90° based on the emission axis of the light
source. The term "red fluorescence" means fluorescence of
a wavelength of 560 nm and above from among those emitted
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in all directions from a cell. Fluorescence at almost 0°
or 90° from the emission axls of a light source can be
condensed with a usual flow cytometer.

The term "green fluorescence" means fluorescence of
& wavelength around 520 to 5680 nm from among those emitted
in all directions from a cel}. Fluorescence at almost
0° or 90° from the emission axis of a light source can be
condensed with a usual flow cytometer.

Now, the treatment steps of the present invention
will be described by reference to particular examples.
Reagents used in these examples were prepared from marketed
chemical materials of reagent grade. A flow cytometer of

a construction similar to the one shown in Fig. 1 was used
for evaluation.

Example 1

In this Example, a method for preparing a specimen
to be used in order to separate leukocytes into at least
three subpopulations (namely, one comprilsing eosinophils,
one comprising basophils and one comprising immature
granulocytes) by measuring three optical factors including

red fluorescence, green fluorescence and side scattered
light is shown.

Composition Example 1:

Astrazon Yellow 3C 300 mg

Neutral Red 20 mg

TRIS ‘ 3.6 g

NaOH sufficient for adjusting pH = 9.0 |

NaCl sufficient for adjusting osmotic
pressure = 280 mOsm/kg

purified water . 1 2.

0.95 ml of a reagent of the above Composition
Example 1 was mixed with 0.05 ml of peripheral blood and
then allowed to stand for 10 seconds or longer. Thus

- a speclmen to be assayed was obtained. Leukocytes were

classified and counted by measuring the red fluorescence,
green fluorescence and side scattered light of each cell
with a flow cytometer and then analyzing the obtained
data by, for example, the following method. Namely, a

. ..
.....

------
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scattered light intensity and the intensity of red or green
fluorescence to as the coordinate axes as shown in Fig. 283.
Thus leukocytes were divided into three subpopulations
involving one comprising basophils [Bal]. one comprising
immature granulocytes [Im] and one comprising other blood
corpuscles [Al15]. The basophils and immature granulocytes

herein means a Procedure for exclusively taking out the
data of the area defined with a window. Further, the data

1n a window can be counted by delineated a specific area
with the window.

Example 2
In this Example, g method, which involves a first

step for eliminating influences of erythrocytes, for

Composition Example 2:
First reagent solution:

Astrazon Yellow 3G 300 mg
Neutral Red 20 mg
citric acid monohydrate 2.10 g (pH 2.82)

purified water 1l @

......
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Second reagent solution:
TRIS 36.3 g
NaCl 58.4 ¢
NaOH 18.8 g
purified water 1 2

0.90 ml of the first reagent solution of the above
Composition Example 2 was mixed with 0.05 ml of DPeripheral
blood and then allowed to incubate for S5 seconds or longer.
Then 0.10 ml of the second reagent solution was further
added thereto and the obtained mixture.was allowed to
incubate for an additional 10 seconds or longer. Thus

specimen to be assayed was obtained. Leukocytes were
classified and counted by measuring the red fluorescence,

data by, for example, the following method. Namely, a
scattergram was formed by referring to the intensity of
red fluorescence and that of green fluorescence as the
coordinate axes, as shown in Fig. 24. Thus at least two

a window 21 [W21] and counted. Next, the data of the
subpopulation [Al18] comprising blood corpuscles other

than eosinophils were gated with a window 22 [W22] and a
scattergram was formed by referring thé'side scattered light

intensity and the Intensity of red or green fluorescence to

as the coordinate axes, as Fig. 25 shows. Thus leukocytes
were divided into six subpopulations, namely, one comprising
monocytes [Mono], one comprising neutrophils [Neut], one
comprising immature granulocytes 1 [Iml], another one
comprising immature granulocytes 2 [Im2], one comprising
basophils [Bal and one comprising other blood corpuscles
[A17].

The basophils. lmmature granulocytes 1, 1lmmature

granulocytes 2, monocytes and neutrophils were gated
respectively with a window 23 [W23], a window 24 [W24],

.
----------
..........
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a window 25 [W25], a window 26 [W28] and a window 27 [W27],
followed by counting,

Example 3
In this Example, a method, which involves a first
step for eliminating influences of erythrocytes, for

preparing a specimen to be used in order to separate
leukocytes into at least seven subpopulations by measuring
four optical factors including red fluorescence, green

fluorescence, side scattered light and forward scattered
light is shown.

incubate for 10 seconds or longer. Then four optical
factors (red fluorescence, green fluorescence, side

scattered light and forward scattered light) of each
cell were measured with a flow cytometer.

First, a scattergram was formed by referring to the
forward scattered light and the side scattered light as the
coordinate axes, as shown in Fig. 26. Then a population

coordinate axes, as shown in Fig. 27. Then eosinophils [Eo]
alone were counted with a window 32 [W32]. Next, the data
of the leukocytes other than eosinophils were gated with

a window 33 [W33] and a scattergram was formed by referring
the side scattered light intensity and the intensity of

red or green fluorescence to as the coordinate axes, as
shown in Fig. 28. Thus leukocytes were divided into six
subpopulations involving one comprising lymphocytes [(Lym],
one comprising monocytes [Mono], one comprising neutrophils
[Neut], one comprising immature granulocytes 1 ({Iml],
another one comprising immature granulocytes 2 [Im2] and
one comprilsing basophils [Ba]l. The basophils. immature
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granulocytes 1, immature granulocytes 2, lymphocytes,
monocytes, and neutrophils were gated gated respectively
with a window 34 [W34], a window 35 [W35], a window 38
[W38], a window 37 [W37], a window 38 [W38] and a window 39
[W39], followed by counting.
Example 4

In this Example, a method, which involves a second
step for eliminating influences of erythrocytes, for
preparing a specimen to be used in order to separate
leukocytes into at least S1X subpopulations by measuring

three optical factors Including red fluorescence, green
fluorescence and side scattered light 1s shown.
Composition Example 3:

Astrazon Yellow 3G . 300 mg

Neutral Red 20 mg

Astrazon Orange R 300 mg

TRIS 3.6 g

NaOH sufficient for adjusting pH = 9.0

NaCl sufficient for adjusting osmotic
pressure = 280 mOsm/kg '

purified water 1 2

0.95 ml of a reagent of the above Composition
Example 3 was mixed with 0.05 ml of peripheral blood and
then allowed to incubate for iO seconds or longer. Thus
a specimen to be assayved was obtained. Leukocytes'were
classified and counted by measuring the red fluorescence,
green fluorescence and side scattered light of each cell
with a flow cytometer and then analyzing the obtained
data by, for example, the following method. Namely,
a8 scattergram was formed by referring to the intensity
of red fluorescence and that of green fluorescence as the
coordinate axes, as shown in Flg. 29. Then eosinophils
alone were gated within a window 41 [W41] and counted.
Next, the data of the Population [A20] of leukocytes
other than eosinophils were gated with a window 42 [W42]
and a scattergram was formed by referring the side
scattered light intensity and the intensity of red or
green fluorescence to as the coordinate axes. Thus

aaaaa
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basophils, immature granulocytes, lymphocytes, monocytes
and neutrophils were classified respectively with a window
43 [W43], a window 44 [W44], a window 45 [W45], a window
46 [w48] and a window 47 [W47], followed by counting.
Example 5

In this Example, g method, which involves a first
step and a second step for eliminating influences of
erythrocytes, for breparing a specimen to be used in order

to separate leukocytes into at least seven subpopulations by
measuring three optical factors including red fluorescence,

green fluorescence and side scattered light 1s shown.
Composition Example 4:

First reagent solution:

Astrazon Yellow 3G 300 mg

Neutral Red 20 mg

Astrazon Orange R 300 mg

citric acid monohydrate 2.10 g (pH 2.62)
purified water 1 2

Second reagent solution:

TRIS 36.3 g

NaCl 8.4 ¢

NaOH 18.8 ¢

purlfied water 1 2

0.90 ml1 of the first reagent solution of the above.

Then 0.10 ml of the second reagent solution was further
added thereto and the obtained mixture was allowed to
incubate for an additional 10 seconds or longer. Thus

a specimen to be assayed was obtalned. Leukocytes were

coordinate axes, as shown in Fig. 381. Then eosinophils
alone were gated within a window 51 [W31] and counted.
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Next, the data of g subpopulation [A21] comprising
leukocytes other than eoslnophils were gated with a window
52 [W52] and a scattergram was formed by referring to the
slde scattered light Intensity and the intensity of red or
green fluorescence as the coordinate axes, as Fig. 32 shows.,
Thus basophils [Bal, immature granulocytes 1 [Iml}, immature
granulocytes 2 [Im2], lymphocytes [Lym], monocytes [Mono]
and neutrophils [Neut] were gated respectively with a window
53 [W53], a window 54 [W54], a window 55 [W55), a window 58
[W568], a window 57 [W57] and a window 58 [W58], followed by
counting.

1. The present invention provides a method for
preparing a specimen usable in flow cytometry whereby

by specifically fluorochrome~staining immature granulocytes
with Astrazon Yellow 3G and Neutral Red. Thus it becomes

possible to classify and count immature granulocytes, which
cannot be achieved by any known methods.

2. When the above-mentioned method 1s combined
with a step for eliminating influences of erythrocytes,
furthermore, the classification and counting of leukocytes

specimen. LeuROCytes can be classified into at least

seven subpopulations and counted by appropriately combining
suitable methods for preparing a specimen.
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and counting leukocytes into at least three groups involving
immature granulocytes Dy assaying a single specimen with
a flow cytometer, which comprises the following steps:
(1) a step for adjusting the PH value of a
hematological sample to a level suitable
for staining; and
(2) a step for staining leukocytes contained in
said hematological sample with at least two
dyes specified as follows:
1) Astrazon Yellow 3G capable of staining at

least basophils and immature granulocytes:
and

i1) Neutral Red capable of staining at least
eosinophils. |

2. A method for Preparing a specimen for classifying
and counting leukocytes into at least sixX groups involving

immature granulocytes by assaying a .single specimen with
a flow cytometer, which comprises the following steps:
(1) a step for eliminating influences of erythrocytes

from a hematological sample without changing the
leukocytes morphologically: .

(2) a step for adjusting the pH ﬁalue of said
hematological sample to a level suitable for
staining; and

(3) a step for stalning leukocytes contained in said
hematological sample with at least two dyes
specified as follows:

i) AStrazon Yellow 3G capable of Sstalning at
least basophils and immature granulocytes:
and

11) Neutral Red capable of staining at least
eosinophils.



5 comprises:

(1) fragmentizing erythrocytes in said hematological
sample by adding a first hypotonic aqueous
solution comprising a buffer for maintaining

the pH value of the solution acidic to said
10 hematological sample: and

15 aqueous solution to the solution of the above

to thereby classify the leukocytes in the hematological

sample into six groups respectively comprising monocytes,

neutrophils, eosinophils, basophils, immature granulocytes 1
20 and immature granulocytes 2, followed by counting.

4. A method according to Claim 2, wherein sald step for

25 & step for staining the leukocytes in the

30 the intensity of fluorescence at the measurement with

monocytes, neutrophils, eosinophils, basophils and immature
35 granulocytes, followed by counting.
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5. A method according to Claim 4, wherein said dye
capable of staining at least nuclei or cytoplasm of
leukocytes is at least one dye selected from a group
consisting of the following dyes:
5 (1) Astrazon Orange R
(2) Astra Violet
(3) Rhodamine 8G
(4) Rhodamine 19
(5) Rhodamine B
10 (6) Rhodamine 3G0O
| (7) Pyronine B
(8) Cyanosine

(9) 3,3'—dimethylthiocarbocyanine iodide

B (10) 3.3'-diethylthiocarbocyanine iodide

15 (11) 3,3"'-dipropyloxacarbocyanine lodide
' (12) 3,3"'-dihexyloxacarbocyanine iodide

(13) 3,6-bis(dimethylamino)~10-dodecylacridinium

bromide

(14) 7-benzylamino-4-nitrobenzoxadiazole

20 (15) 7-fluoro-4-nitrobenzoxadiazole

(16) Astrazon Red 6B.

6. | A method according to Claim 2, wherein sald step for
eliminating influences of erythrocytes from a hematological
sample without changing leukocytes morphologically

25 comprises: |

(1) fragmentizing erythrocytes in said hematological
-sample by adding a first hypotonic aqueous
solution comprising a buffer for maintaining

| the pH value of the solution acidic to a
30 - hematological sample;

(2) adding a second aqueous solution comprising an
osmolarlty compensating agent for maintaining
the morphology of leukocytes and a buffer for
neutralizing the acid contained in the first

35 aqueous solution to the solution of the above
(1);: and
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(3) staining leukocytes in the hematological sample
with at least one dye capable of stailning at
least elither of nuclel or cytoplasm of leukocytes
to thereby separate the leukocytes from other
blood corpuscles depending on the intensity of
fluorescence at the measurement with a flow
cytometer;

to thereby divide the leukocytes in the hematological sample
into seven groups respectively comprising lymphocytes,

monocytes, neutrophils, eosinophils, basophils, immature

granulocytes 1 and immature granulocytes 2, followed by
counting.

7. A method according to Claim 6, wherein said dye
capable of staining at least nucleli or cytoplasm of

leukocytes is at least one dye selected from a group
consisting of the following dyes:

(1) Astrazon Orange R
(2) Astra Violet

(3) Rhodamine 6@

(4) Rhodamine 19

(5) Rhodamine B

(6) Rhodamine 3GO

(7) Pyronine B

(8) Cyanosine

(9) 3,3"-dimethylthiocarbocyanine iodide
(10) 3,3"'-dlethylthiocarbocyanine iodide
(11) 3,3'—dipropyloxaéarbocyanine lodide
(12) 3,3'-dihexyloxacarbocyanine iodide

(13) 3,6—bis(dimethy1am1no)~10~dodecylacrid1nium
bromide

(14) 7-benzylamino-4-nitrobenzoxadiazole

(15) 7T-fluoro-4-nitrobenzoxadiazole
(16) Astrazon Red 8B.

......
.
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