TITLE OF INVENTION METHOD FOR CLASSIFYING/COUNTING LEUKOCYTES, REAGENT KIT
FOR CLASSIFYING LEUKOCYTES, AND REAGENT FOR CLASSIFYING LEUKOCYTES
TECHNICAL FIELD [0001] The present invention relates to a method for classifying and counting
leukocytes in biological samples. The present invention also relates to a regent kit and reagent for
classifying leukocyte which are used for classifying and counting leukocytes in biological samples.
BACKGROUND ART [0002]Normal leukocytes are generally classified into five types: lymphocytes,
monocytes, neutrophils, eosinophils anéir& asophils. Normal peripheral blood contains these blood cells
at certain proportions. However, a subj g%igg};{m&mave an increased or decreased
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normal perip or example, in acute Teukemia, immature leukocyies, I.e. "blast cells
(myeloblasts, lymphoblasts)" occur in periphgialRlged-{ssthe other hand, in virus infections or drug
allergies, lymphocytes activated by antigen stimulation, i.e. "atypical lymphocytes" occur in peripheral
blood. It is very important to detect atypical lymphocytes and blast cells from peripheral blood by
differentiating therebetween in order to screen or diagnose diseases. [0004] In recent years, various
automated IE@GHNICALNRIEEDE commercially available to which the principle of flow cytometry has
been applied. These counters allow automated classification and count of blood cells in samples.
Blood cell claggifyjng réhgemtsSon menstreimrnislateautoaatest htod doretlasuifigitsgasmedlso
commercially available. Upon measurements of specimens on automated blood cell counters using
these reagentsgigrale vkagptestie blobeieis sppeden cditeipmsgiens osoditengadsos. [0005] A
number of such blood cell classifying reagents is known in the art. For example, the Patent Literature 1
discloses afiplatrs g sfewt dratsinchtionsant dotslas pidinnbiMarsiriwbistaBEekocytes. In
this method, a reagent kit is used which is a combination of a staining solution for specifically staining
RNA and a RéfitbiicagesiiebimamfgcoatigMakassiie dnrkiolesicahisammie; the Patent
Literature 2 discloses a method for classifying and counting normal leukocytes and detecting abnormal
leukocytes. In this method, a reagent is used which comprises a staining solution containing a certain

quorescentﬂ)ﬁﬁ\&ﬁ&ﬁtﬁﬂyﬂkqgent containing cationic and nonionic surfactants.

[0002] Normal leukocytes are generally classified into five types:
lymphocytes, monocytes, neutrophils, eosinophils and basophils.
Normal peripheral blood contains these blood cells at certain
proportions. However, a subject with a disease may have an increased
or decreased number of certain blood cells. Therefore, in the field of
clinical tests, classification and count of leukocytes may provide very
useful information for diagnoses of diseases.

[0003] Diseases such as hematopoietic malignancies and virus
infections cause occurrence of cells which are not present in normal
peripheral blood. For example, in acute leukemia, immature
leukocytes, i.e. "blast cells (myeloblasts, lymphoblasts)" occur in
peripheral blood. On the other hand, in virus infections or drug

allergies, lymphocytes activated by antigen stimulation, i.e. "atypical



Citation List Patent Literature [0006]Patent Literature 1: Japanese Patent No. 4248017 Patent
Literature 2: U.S. Patent Application No. 2009/0023129 SUMMARY OF INVENTION Technical
Problem [0007] As described above, specimens obtained from subjects may contain, in addition to
normal leukocytes, abnormal leukocytes such as blast cells and atypical lymphocytes.  However, in
methods using the reagents disclosed in Japanese Patent No. 4248017 and U.S. Patent Application
No. 2009/0023129, signals of abnormal leukocytes, i.e. blast cells and atypical lymphocytes, may
appear in similar regions on scattergrams, and thus it is difficult to detect blast cells and atypical

lymphocyteY BFRIMGESSatRis HeFBORFRNEBbBE Adhus thiS prESe ATROE A8 19 B53fslide a method
for classifyi d ing leuk | lassificati d f | leuk d
detection o B SIS EHR S I6R S RPShGE Dy AREranCEn G- rEBEt0deh The present myention
s also to pr&’f’%?e%:?%%(% @Jfg&%&?%%‘%‘%%%%y{gsséfpge% rSPQF‘?é}%I%s%aéiss'g’ 14 leukocytes that

allow classification an nt of norma ocytes and detection o st cells and atypical

lymphocytegydifferepliatipgiherehaiween Selulinn i Reobiam, 400091 g measyrergents on flow

cytometers using conventional leukocyte classification reagents, signals of blast cells and atypical

lymphocytes 310 StatesURARISARANR 5 (FRIVIEIHYK ?frﬂﬁ&‘i‘ﬂil?cﬁ"ﬁé’@pl@jﬂgﬁ%ﬂﬁﬂ Rhthsdegions where
signals of normal lymphocytes and normal monocytes are present. The present inventors

hypothesizeghiblaé by sepeeineihg segianow eigttie steaat Riswenivatiymaheryes@ppears from the
region where the signal of normal monocytes appears, the signal of abnormal leukocytes can be
separated ftdovthesignat slampied . |e UBmydesedhdlties Heinsgivity fendetémtion of abnormal leukocytes
can be improved. [0010] Therefore, the present inventors investigated for a method for classifying
leukocytes witiehumakestitpossiblet torseisal hibothd cetlimowhtarsthesigisal obnomeatiptiphocytes
appears from the region where the signal of normal monocytes appears. As a result, the present
inventors h&vedahiasin§ly fsundchsi cerian iCopiipesoms Bhtha contumesadPdbred aedmatic organic
acid and pH in the reagent can improve the detection accuracy of abnormal leukocytes and allow
detection oCBIdBLEEN RS ISEa TFAFTHOS teianplimet SRiRGRGTSPiBRtveES MBRSSY achieving the
present invention.é(JOll Thus the present invention provides a method for classifying and counting

leukocytes %rﬁﬁl; Hblf glglléf)é)af:scattergrams.

[0005] A number of such blood cell classifying reagents is known in
the art. For example, the Patent Literature 1 discloses a method that
allows classification and count of both abnormal and normal leukocytes.
In this method, a reagent kit is used which is a combination of a
staining solution for specifically staining RNA and a hemolytic agent
containing cationic and nonionic surfactants. Meanwhile, the Patent
Literature 2 discloses a method for classifying and counting normal
leukocytes and detecting abnormal leukocytes. In this method, a
reagent is used which comprises a staining solution containing a

certain fluorescent dye and a hemolytic agent containing cationic and

nonionic surfactants.
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preparing a measurement sample by mixing a biological sample; a first reagent for staining nucleic
acid; and a second reagent containing cationic and nonionic surfactants for lysing erythrocytes and
damaging cell membranes of leukocytes so as to be permeable to the fluorescent dye and an aromatic
organic acid at a concentration of not less than 20 mM and not more than 50 mM;  applying light to
the prepared measurement sample and obtaining scattered light information and fluorescence
information generated thereby; and  based on the obtained scattered light information and
fluorescence informatign, classifying the leukocytes in the biological sample and detecting blast cells
and atypical \¥ABhocyted B totiErEntiding thtabadRschatenkiiPeit life second reagent
contains the aromatic 'g%%ni{: ]?g[id a%a cogcenta ' ntof ﬂ% Ieis than 20 mM and less than 30 mM, the
second reagent has p ot IOwWer thar 5.5 and nét PREARB L and when the second reagent
contains thezaf??mgagic acid at a concentration of not less than 30 mM and not more than 50
mM, the second reagent has pH of not lower than 5.5 and not higher than 7.0. [0012]The present
invention also provides a reagent kit for classifying leukocytes comprising a first reagent containing a
fluorescent dye capable of staining nucleic acid and a second reagent containing cationic and nonionic
surfactants §Ur MUY P EXNOENTIONNaging cell membranes of leukocytes so as to be permeable
to the fluorescent dye and an aromatic organic acid at a concentration of not less than 20 mM and not
more than 5@&aMhivdlepPeibidign the second reagent contains the aromatic organic acid at a
concentration of not less than 20 mM and less than 30 mM, the second reagent has pH of not lower
than 5.5 anfDRGrHighet sthdaseAbaddabben, ke seitnad sreagein ab fitains sod prorsatiaprganic acid at
a concentration of not less than 30 mM and not more than 50 mM, the second reagent has pH of not
lower than &@datmdnhighditibiart @ 0ormahéepleseytdayeivrr forthée pkodytesastedyert for
classifying leukocytes comprising a fluorescent dye capable of staining nucleic acid, a cationic
surfactant, Rleshiealtssar PigRl dvrardesiicasrganic acid, wherein the reagent contains the
aromatic organic acid at a concentration of not less than 20 mM and not more than 50 mM, and
wherein when th&IRI4GERE ShRFEPdsartHRg dofgeanearlg siscloprdritaliBRURFRS less than 20
mM and less than 30 mM, the reagent has pH of not Jower than 5.5 ar(lg no h&?@ gb?f‘? 6.4, and when
the reagentf?;cgi‘)fﬁ‘\lﬁFn3]§‘fhe4 gr%gﬁr%ﬂtl 8}-@‘5;1&?([: clPLFRLORBERLRA BPn QQS(SS/ ﬁ% M and not more
than 50 mM,.the reagent has pH.of nqt lower than 5.5 and ngt higher than 7.0. Advantageous Effects
of Inventon TB0ER e RataR ol SRS TS ot e IR L e LM Sssifying
leukocytes %{t} Iy ukac ing t ?E . Inyend] low
classificatio%?a %g)ﬁ%tqﬁﬁ]%)}ﬁi eg% c%/}[]gss é% %%%%%%%%g%ng Io{ Yggéézﬂgéaﬁgﬁé%%&
ymphocyteg b cifstestialing iseebesran BRIBRAECRIPIRQIRRAYINGS 00141 FIG. 1
ya

shows a scattergram and a diagram obtained
therebetween.

[0008] Thus the present invention is to provide a method for
classifying and counting leukocytes that allows classification and count
of normal leukocytes and detection of blast cells and atypical
lymphocytes by differentiating therebetween. The present invention is
also to provide a reagent kit for classifying leukocytes and a reagent for
classifying leukocytes that allow classification and count of normal
leukocytes and detection of blast cells and atypical lymphocytes by

differentiating therebetween.

Solution to Problem



measurement of a normal blood specimen using the reagent kit for classifying leukocytes of the
present invention;  FIG. 2 shows scattergrams obtained by measurements of a blood specimen
containing morphologically abnormal lymphocytes using the reagents in Example 2;  FIG. 3 shows
scattergrams obtained by measurements of a blood specimen containing abnormal leukocytes using
the reagents in Example 3;  FIG. 4 shows scattergrams obtained by measurements of a blood
specimen containing abnormal leukocytes using the reagents in Example 3;  FIG. 5 shows
scattergrams ohtained by measurements of a blood specimen containing abnormal leukocytes using

the reagentdRElamié eI reRREts oRoliR GHOIGRIFS JhtaHe G BYUTRESHRments of a normal
blood i ing t tsin E 5. DESCRIPTION OF EMBODIMENTS [0015]In th
embodimer e bt TR T B Bl A SURCLTR S RN as for 25 1t o 2
body fluid ining | _The biglogical . incl f le, blood, b
aron ic) O S D e e Bl s, preforably

from humang, cthe-hialaojeal; sanapleHuay b ASARRIG: RASHAIK eaniaining: abnermaLinukocytes. The

leukocyte as used herein comprises a normal leukocyte and an abnormal leukocyte. Normal

leukocytes grei0RBerRHY Rieesifisddatafowriast |y MPROpyRS MRGREYESLosinophils and
granulocytes other than eosinophils, or five types: lymphocytes, monocytes, neutrophils, eosinophils

and basophispidiédifedugiestieyese phronmal thekagies whans elkenyted whiebrarginormally not

present in peripheral blood. The abnormal leukocytes may include, for example, atypical lymphocytes

and blast céilsn phe@typicaplyespisoftytes tdre hepjahoeytes evhiich sipmattofated imaantigen stimulation

and have been morphologically modified by responding to the stimulation. Atypical lymphocytes occur
in peripheranisivodydepaaipntanithtlissagoslsatialas vimslnfzckonstesucpall beyisspard the like. The
blast cells refer to immature leukocytes such as myeloblasts, lymphoblasts and the like. Myeloblasts
occur in pefisharihisisogrstlliepenati aekackipsl ein detie menaHdaviin fpoBlektstéraurln peripheral

blood of patients with acute lymphocytic leukemia. [0017]The reagent kit for classifying leukocytes is
hereinafter @bnormal leukocytes can be improved.

[0010] Therefore, the present inventors investigated for a method for
classifying leukocytes which makes it possible to separate the region
where the signal of normal lymphocytes appears from the region where
the signal of normal monocytes appears. As a result, the present
inventors have surprisingly found that certain combinations of the
concentration of an aromatic organic acid and pH in the reagent can
improve the detection accuracy of abnormal leukocytes and allow
detection of blast cells and atypical lymphocytes by differentiating
therebetween, thereby achieving the present invention.
[0011] Thus the present invention provides a method for classifying
and counting leukocytes comprising the steps of:

preparing a measurement sample by mixing a biological sample; a
first reagent for staining nucleic acid; and a second reagent containing
cationic and nonionic surfactants for lysing erythrocytes and damaging

cell membranes of leukocytes so as to be permeable to the fluorescent
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described which is used in the method for classifying and counting leukocytes of the present invention.
[0018]The reagent kit for classifying leukocytes of the present invention (hereinafter also referred to as
"reagent kit") comprises a first reagent and a second reagent. These reagents in the reagent kit are
hereinafter described. [0019][First reagent]  The first reagent contained in the reagent kit of the
present invention comprises a fluorescent dye capable of staining nucleic acid. In the embodiments of
the present invention, the first reagent is a reagent for fluorescent staining nucleic acid of nucleated
cells in a bioglogical sample treated with the secqond reagent described hereinbelow. Treatment of a

biological sSHpRIAATNRTARFEERIAMNSAR Lt /iR SRRSO @IS h iR hircisidaef €ch as

normal leukocytes and a}bnorma% Ieukg(cg}ltem[OOZO] In the embodiments of the present invention, the
erIy}h??'rlﬁllt a81ar as it can stain nucleic acid and can be appropriately

fluorescentlalye 2 tnp%rtri{:lgra
selected dependi n.the wavelen f light emitted fro light r fluor dye may
ir!clu_de, for gxam%%%%ﬁééﬁ%ﬁ@ﬁ%% %t %%%%%mﬁ&% _|$%qm§§§ﬁ%?ﬁ.(}2‘§teot§§r§%%%thidium
diazide, ethidiymhomedimer fo &hidiim BARABEL G HPIdiuR MARAAFS nerated
trimethylenebis|[[3-[[4-[[(3-methylbenzothiazol-3-ium)-2-yllmethylene]-1,
4-dihydroquineligisy-dlpgopylldimethylaminium] tetraiodide (TOTO-1),
4-[(3-methylbenzothiazol-2(3H)-yliden)methyl]-1-[3-(trimethylaminio)pro pyl]quinolinium diiodide
(TO-PRO-1), N,\bhksdtt-istrame vt e bista it d (Bghetimibemeationzohd-avréstdhce
-2-propenyliden] - | ,4-dihydroquinolin-1-ylJpropy1]- | ,3-propanediamini um tetraiodide (TOTO-3), 2- [3-

[ [1- [3- (trinkefbylamtioe) podpydifilidedihgdogkiowtiels-daytideridlgairal sample and
penyl]-3-methylbenzothiazol-3-ium diiodide (TO-PRO-3) and fluorescent dyes represented by the
following getehed orghblagh) calmoantetsepibel flyongdvery thpebyapiféseméthiyighe following general

formula (1) are preferable. [0021]
therebetween;

wherein when the second reagent contains the aromatic organic
acid at a concentration of not less than 20 mM and less than 30 mM,
the second reagent has pH of not lower than 5.5 and not higher than
6.4, and when the second reagent contains the aromatic organic acid at
a concentration of not less than 30 mM and not more than 50 mM, the
second reagent has pH of not lower than 5.5 and not higher than 7.0.
[0012] The present invention also provides a reagent kit for
classifying leukocytes comprising a first reagent containing a
fluorescent dye capable of staining nucleic acid and a second reagent
containing cationic and nonionic surfactants for lysing erythrocytes and
damaging cell membranes of leukocytes so as to be permeable to the
fluorescent dye and an aromatic organic acid at a concentration of not
less than 20 mM and not more than 50 mM, wherein when the second
reagent contains the aromatic organic acid at a concentration of not
less than 20 mM and less than 30 mM, the second reagent has pH of

not lower than 5.5 and not higher than 6.4, and when the second
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[0022] In the formula (1), Rl and R4 are the same or different from each other and respectively are a
hydrogen atom, an alkyl group, an alkyl chain having a hydroxyl group, an alkyl chain having an ether
group, an alkyl chain having an ester group or a benzyl group that may have a substituent; R2 and R3
are the same or different from each other and respectively are a hydrogen atom, a hydroxyl group, a
halogen, an alkyl group, an alkenyl group, an alkynyl group, an alkoxy group, an alkylsulphonyl group
or a phenyl group; Z is a sulphur atom, an oxygen atom or a carbon atom having a methyl group; n is
0, 1, 2 or 3; and X is an anjon. [0023] In the embodiments of the present invention, the alkyl group may

be linear orrmEGPHtﬁ%Q%maﬁﬂéﬁﬁlﬁf?ﬁ%%&@ﬂ%%ﬁiﬁﬁﬁ?@&@fé?&ogfﬂ?& in the formula
1), wh f Rl 4] I hayi 1 t the other.is a h t
o an alky! 5555 R dD e SRS IR ARE O SHBLp Sakirg 25 i barbon
atoms, the @#}4 group et}at\iil%% %OF{I%&) é%c[bﬁ?%ﬁtgm%iasiee@rable. [0024] In the embodiments of the

t of the ia

present invention, the substituent o enzylgroup in Ri'and R4 in the formula (1) may include, for

example, alkyl grpypsaxIng: %40 A0 AR ALNS, Bl aroups- ARG 4404R, figgbon atoms and

alkynyl groups having 2 to 20 carbon atoms. Among these, a methyl or ethyl group is particularly

preferable. {002l taeemindinents af tHe-RrRIaNtIRYRYRIL NS AL@ENEFEOHR #1R2 #61d Rs in the

formula (I) may include, for example, alkenyl groups having 2 to 20 carbon atoms. The alkoxy group in

R2 and Rs may tisiide alkxetgioUasHiogit u2featianaidnas: Anwendtitesazanitethoxy or
ethoxy group is particularly preferable. [0026] In the embodiments of the present invention, the anion X
in the formuaid) waenethudbdategemitoosrsizih s ste, GloBatodrg4iHd303d BE4 and the like.
[0027]In the embodiments of the present invention, the first reagent may contain one or two or more
fluorescent dyesefo@28idn thfersrhbeskintbats 80theMresehtinventioa, tiharcottenMationdf the
fluorescent dye in the first reagent may vary depending on the type of the fluorescent dye and is
usually 0.0 MaergdpyHtENprafergBiganl ¢on tapastthe\aeimpsie wigaeEnegid & te first reagent is,
for example, the fluorescent dye represented é)eéthe formula (1), the first reag/%nt preferably contain the

fluorescent SRR I AeBRERsH 1556, 31808 h Rl smstdsieframy3® 1Y HisgrRREv29]In the

embodiments of th esent inventjon, the first reagent.can be obtajined by dissolving the fluorescent

ettt ettt v R -l

particularly limited as far as it can dissolve the fluorescent dgg and ma incI;EJde, fqr ex{ample, water,
. real%en Gcor:lttams 1%16 arPliIhatIC or%lamc amii a cor}c t¥a 1011 O }’10

organic solventd and mixtures thereo e orgafic solvents may include, Tor example, alcohols,

enyiene gheld SmeRy ARNAKEPHBEY w&ﬁ@diﬁwﬁﬁ%ﬂ%%f%ggtﬁa%%ﬁ SPGIaPly dissolved

in an organic solvent because the dye may have a decreased storag agueous solutions.
lower than 5.5 and not higher than 7.0.

Advantageous Effects of Invention

[0013] The method for classifying and counting leukocytes, the
reagent kit for classifying leukocytes and the reagent for classifying
leukocytes according to the present invention allow classification and
count of normal leukocytes as well as detection of blast cells and

atypical lymphocytes by differentiating therebetween.

BRIEF DESCRIPTION OF DRAWINGS
[0014] FIG. 1 shows a scattergram and a diagram obtained by a

measurement of a normal blood specimen using the reagent kit for
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[0030]In the embodiments of the present invention, the first reagent may be a commercial staining
reagent for leukocyte measurements. Such a staining reagent may include, for example, Stromatolyzer
4D5 (Sysmex Corporation). Stromatolyzer 4D5 is a staining reagent containing the fluorescent dye
represented by the formula (). [0031][Second reagent] The second reagent contained in the reagent
kit of the present invention comprises surfactants, i.e. cationic and nonionic surfactants, for lysing
erythrocytes and damaging cell membranes of leukocytes so as to be permeable to the fluorescent
dye. The second reagent further comprises an aromatic organic acid at a concentration of not less

than 20 mMFERPHERSIEIRAREE N LRIO BT R THe B ents of the present invention, when the
second reagent ains the aromatic organic acid at a cqncentration of not less than 20 mM and less
e 30 Mt the Lo B RAL PG TV RS S e FIGHSP (1aR R Alore preferably
not lower th .5 and not higher than 6.2. \Wh r nt eontaing the: ar tic organic
acid at a co%g%lt?%%gn% %%ﬁbé%gm}a\%%é?n %%%IP fo%s rﬁ%?g% iaﬁfgg%r%ﬁ?%{rﬁe%a%ﬁ IE?% ess than 40

mM and no}ég%r&t{@{h%ﬁ%ﬁfbeiecond reagent has pH of not lower than 5.5 and not higher than
7.0. Still more preferably, when the second reagent contains the aromatic organic acid at a
concentration of patlessdha H9dafYk Aok HBtaiha BY mathe SRRANG 'sRgasRs PH of not
lower than 5.5 and not higher than 6.2. [0033] In the embodiments of the present invention, treatment
with the secgnstigagerioeftaibinieoiashsamplel ellwsyysis @b piytirecytegihitheihiological sample and
damages cell membranes of leukocytes so as to be permeable to the fluorescent dye. When the
biological séxataptmins abnormal leukocytes, the second reagent can also damage cell
membranes of the abnormal leukocytes so as to be permeable to the fluorescent dye.  The blood
cells damaged ofrEall fnehnbemesaiyater soeomblesgedtyrastainadonitrtte dluarbboedt dye in the
first reagent. When the second reagent has the concentration of the aromatic organic acid and pH
within the aBB96iraRFecOHaREISrAReraad Kykaotas HiNgHbaJeassispEars and the region
where the signal of normal monocytes appears detected by flow cytometers and the like can be
separated tg%é%ﬁpéitéht that the detection accuracy of abnormal leukocytes is improved and
differentiation of plast cells from atypical lymphocytes is possible.%ﬁg%ﬂﬁéxs used herein, the aromatic
organic acid me%@r%a%?bo%ﬁlﬁ‘@gﬁ%’é%%eoi%mﬁg PghEa 8BS %ffai?{ﬂ‘éﬁeof The
aromatic orgaréi(;Iz%ll%i(rj1 mggtiglcrlluge, f rn%é%néilié&%rga&cscag%%y%ﬁ algé%s eegg&%tic sulphonic acids
and the like Y e 8MBCUIMENtS of the presentinvention, the Bfomatic organlc acid which is suitably
used is phtzﬁgglﬁ?% e%ﬁ&: acid, salicylic acid, hippuric acid, p-aminobenzenesulphonic acid,
benzenesulphonic acid’and salts thereof The second reagent may contain one or two or more

aromatic organicgeidss \WeR dN&-SeRAMT A9 B SPRIRINS MM RINBYICOFIARNERCIAS, the

second reagent may contain the aromatic organic acids at a total concentration thereof of not less than

20 mM andiigbnesdtirnad aivh dA0RSHeuiherahedisentpef $he present invention, the cationic

surfactant may be a quaternary ammonium salt surfactant or a pyridinium salt surfactant. The
guaternary ammonium salt surfactant may include, for example, surfactants represented by the
following formula (1) having 9 to 30 carbon atoms in total: [0036]
DESCRIPTION OF EMBODIMENTS
[0015] In the embodiments of the present invention, the biological
sample is not particularly limited as far as it is a body fluid sample
containing leukocytes. The biological sample may include, for example,
blood, bone marrow fluid, urine, samples obtained by apheresis and the
like obtained from mammals, preferably from humans. The biological
sample may be a sample possibly containing abnormal leukocytes. The

leukocyte as used herein comprises a normal leukocyte and an

abnormal leukocyte. Normal leukocytes are generally classified into

7



R2 | Ri-N -R4 X(II) R3 [0037]In the formula (II), Rl is an alkyl or alkenyl group having 6 to 18 carbon
atoms; R2 and R3 are the same or different from each other and are respectively an alkyl or alkenyl
group having 1 to 4 carbon atoms; R4 is an alkyl or alkenyl group having 1 to 4 carbon atoms or a
benzyl group; and X is a halogen ion. [0038]In the formula (1), Rl is preferably an alkyl or alkenyl
group having 6, 8, 10, 12 or 14 carbon atoms and is particularly preferably a linear alkyl group. More
specifically, Rl may include octyl, decyl and dodecyl groups. R2 and R3 are preferably a methyl, ethyl
or propyl group. R4 is preferably a methyl, ethyl or propyl group. [0039] The ;iyridinium salt surfactant

may includdhT BXRSHIE DRAATEHS rERPRRAES b ¢ ARETBRUIN G RABERAIHY FosA0P QL LI)

[0041]in th%‘l%rrrln lélc?sﬂ'll%p%hiss, or %{I\%I Pyrpaeuézeii%l‘r%%%%ﬁtaevsi?%%}Pocytes, neutrophils,
eosinophils and basophils.
[0016] As used herein abnormal leukocytes means leukocytes which
are normally not present in peripheral blood. The abnormal leukocytes
may include, for example, atypical lymphocytes and blast cells. The
atypical lymphocytes are lymphocytes which are activated by antigen
stimulation and have been morphologically modified by responding to
the stimulation. Atypical lymphocytes occur in peripheral blood of
patients with diseases such as virus infections, drug allergies and the
like. The blast cells refer to immature leukocytes such as myeloblasts,
lymphoblasts and the like. Myeloblasts occur in peripheral blood of
patients with acute myeloid leukemia and lymphoblasts occur in
peripheral blood of patients with acute lymphocytic leukemia.
[0017] The reagent kit for classifying leukocytes is hereinafter
described which is used in the method for classifying and counting
leukocytes of the present invention.
[0018] The reagent kit for classifying leukocytes of the present
invention (hereinafter also referred to as "reagent kit") comprises a first
reagent and a second reagent. These reagents in the reagent kit are
hereinafter described.
[0019] [First reagent]

The first reagent contained in the reagent kit of the present

invention comprises a fluorescent dye capable of staining nucleic acid.

In the embodiments of the present invention, the first reagent is a
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18 carbon atoms; and X is a halogen ion. [0042]In the formula (lll), R1 is preferably an alkyl or alkenyl
group having 6, 8, 10, 12 or 14 carbon atoms and is particularly preferably a linear alkyl group. More
specifically, R1 may include octyl, decyl and dodecyl groups. [0043] In the embodiments of the present
invention, the concentration of the cationic surfactant in the second reagent may be appropriately
adjusted depending on the type of the surfactant and is usually 10 to 10,000 ppm, preferably 100 to
1,000 ppm. [0044] In the embodiments of the present invention, the nonionic surfactant is preferably a

polyoxyethylene nonjoni¢ surfactant represented by the following formula (VI),
Rl-RZ-(CH%ﬁﬁ‘)ﬁ&’-HﬁHPfG@&S}Iﬁ ﬂ?@%%% }CRI‘%‘%H%II&EIS@( S1SIRPrB1 group having 8

to 25 carbonp. ' R2 i t -000- or [0046] ; and n i int f 10.to.50. [0047
Specifc oxuRL CLRE RONGAIE IHACTAVE AL, RACRE RSBy B are S S EIo:

I th I 1y | I thyl itan fatty.acid ,
PO A S B s L o s o AR Ly B 00421 1 e

embodimentsof dhe REERERT Y eRHAR ENe-36 AN SROABHAAY tishalARatai fhe nonionic surfactant
at a concentration of 10 to 100,000 ppm, preferably 100 to 10,000 ppm; more preferably 1,000 to

5,000 ppm. 48Pk theeregeigents of the present invention, the second reagent may contain a
buffering agent in order to maintain a constant pH. The buffering agent may include, for example,
citrate saltsjGO2RES, phogpbaie batisraed thefkbeThearanaticaigiviic aeidoay exddbit a buffering

effect in some cases. When such an aromatic organic acid is used, a buffering agent may be optionally
added to thdpedonibtepgerit 03] limtitede arb dalimaenis cdthetpiesanidieierdicd, thelseannd reagent
preferably have the osmotic pressure of, without limitation, 20
be appropriately selected depending on the wavelength of light emitted
from a light source. The fluorescent dye may include, for example,
propidium iodide, ethidium bromide, ethidium-acridine heterodimer,
ethidium diazide, ethidium homodimer-1, ethidium homodimer-2,
ethidium monoazide,
trimethylenebis|[[3-[[4-[[(3-methylbenzothiazol-3-ium)-2-yljmethylene]-1,
4-dihydroquinolin]-1-yl]propyl]dimethylaminium] tetraiodide (TOTO-1),
4-[(3-methylbenzothiazol-2(3H)-yliden)methyl]-1-[3-(trimethylaminio)pro
pyl]quinolinium diiodide (TO-PRO-1),
N,N,N',N'-tetramethyl-N,N'-bis[3-[4-[3-[(3-methylbenzothiazol-3-ium)-2-y
1]-2-propenyliden]-1,4-dihydroquinolin- 1-yl|propyl]-1,3-propanediamini
um tetraiodide (TOTO-3),
2-[3-[[1-[3-(trimethylaminio)propyl]-1,4-dihydroquinolin]|-4-yliden]|-1-pro
penyl]-3-methylbenzothiazol-3-ium diiodide (TO-PRO-3) and fluorescent
dyes represented by the following general formula (I). Among these, the
fluorescent dyes represented by the following general formula (I) are

preferable.

[0021]



to 150 mOsm/kg in order to effectively lyse erythrocytes. [0051] In the embodiments of the present
invention, the second reagent can be obtained by dissolving the surfactants, the aromatic organic acid
or a salt thereof and optionally the buffering agent to a suitable solvent so as to obtain the
concentration of the aromatic organic acid described above and adjusting pH thereof with NaOH, HC1
and the like.  The solvent is not particularly limited as far as it can dissolve the above components
and may include, for example, water, organic solvents and mixtures thereof The organic solvents may
include, for example, alcohols, ethylene glycol, DMSO and the like. [0052]The reagent kit described
hereinabove cgntains a distinct first reagent and second reagent. However, the present invention is not

tat
reag Icul?o[iflmalsas@ es OF the reagfnxdl?ukocytes in

classified and counted. The pTethiQd for classifyingvand/counting leukocytes
&)
'4'

biological sampleS can
using the reagent kit of the present-invention (hereinafte ply referred to as the "method") is
hereinafter described.  1h the méthod of the present e OR,,a measurement sample is prepared
by mixing a biological sample, the first reagent and the second reagent in the reagent kit in order to
lyse erythrocytes in the biological sample and stain nucleic acid of leukocytes (preparation step).

[0054]In thg@ppzdimentsief therpigse(l) IReairh Rhefiolhgicalrpanoplcdnd éae firshreagent or the
second reagent are mixed at a volume ratio of the biological sample : the first or second reagent of 1 :
1to 1: 1,00 chosehmetenabhedpelitelly 406 .alrhgdatigent tiw mixtneatk e fivst@nairsecond
reagents to the biological sample is such that the volume ratio of the biological sample : the mixture is
1:5t0 1: aikd, eherinpheferagia hythrexil gooumidngathey bidhegizdiavinglesaraties first and
second reagents at the above ratio allows prompt lysis of erythrocytes and staining of nucleic acid of
leukocytes.SA01ER, tAE 158G ichirdanisEioehtdinesabh hatiN cikacy A RTe idledfiayabnormal
leukocytes is also stained. A sufficient amount of the biological sample used for the measurement is

about 5 to S8V, B, so0sfiv et pRpartidiestas, the sripgieadidfrme tifeomseackyather

and respectively are a hydrogen atom, a hydroxyl group, a halogen, an
alkyl group, an alkenyl group, an alkynyl group, an alkoxy group, an
alkylsulphonyl group or a phenyl group; Z is a sulphur atom, an oxygen
atom or a carbon atom having a methyl group; nis 0, 1, 2 or 3; and X-
is an anion.

[0023] In the embodiments of the present invention, the alkyl group
may be linear or branched. In the embodiments of the present
invention, it is preferable that in the formula (I), when one of R; and R4
is an alkyl group having 6 to 18 carbon atoms, the other is a hydrogen
atom or an alkyl group having less than 6 carbon atoms. Among the
alkyl groups having 6 to 18 carbon atoms, the alkyl group having 6, 8
or 10 carbon atoms is preferable.

[0024] In the embodiments of the present invention, the substituent
of the benzyl group in R; and R4 in the formula (I) may include, for

example, alkyl groups having 1 to 20 carbon atoms, alkenyl groups
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and the second reagent may be mixed in any order without limitation. For example, the first reagent
and the second reagent may be mixed and then the obtained mixture may be mixed with the biological
sample. Alternatively, the second reagent may be mixed with the biological sample and then the
obtained mixture may be mixed with the first reagent. In the embodiments of the present invention,
mixing by any order can provide similar results. [0056]In the embodiments of the present invention, it is
preferable that the biological sample, the first reagent and the second reagent are mixed prior to

incubation at a temperature of 15 to 50C, preferably 30 to 45C for 5 to, 120 secands, preferably 5 to 30
seconds. [0B8¥i&He hetl SRHP L BHRTEhAnd iR RS haY 138 iR e S GRRER: sample

dint [ t btai tered light inf ti dfl inf ti
(measurem e GE. HRE A A o H1e brCdeHt RUeHtan AAE et o s
preferably 6i gout o0 féogvrr%@ 119?1tgﬁtlsn efsurements i%%ﬁ CEQWtﬁ‘ét%m?tﬁr 1Iight is applied to
78k whih th RO ahe fy oY

stained leukoc when they pass through a flow ¢ w cytometer, so that Scattered light

information ,@‘%%“H{%S%[}?& fRIonAtioTGambe PIANAAAR RigRAlsIener el T ukocytes.

[0058] In thé embodimeénts of the present invention, the scattered light information is not particularly

limited as fagr@ﬁgématﬁezdﬂ&b@@%%mﬁésuwﬁ@alwgﬁeﬁ@ GRRGIERIY; available flow
cytometers. The scattered light information may include, for example, a pulse width and an intensity of

scattered lighhgucichsderaiskscatiergst lightied 1lighoeceivingeaaiensf abauishig Adedegrees), side
scattered light (light receiving angle of about 90 degrees) and the like. It is known in the art that
side scatterediigth oeflectscittiesgalkjrdonmati padi celisrdughraferaislei and granules and forward
scattered light reflects information on the size of cells. In the embodiments of the present invention, the
scattered ligaORfdrmationlic prefbrabimarsideot thitepeddieyt inteesitpi0058] Ao filu¥réscence
information is information obtained by applying excitation light having an appropriate wavelength to the

stained leukbéyfesrandanBaBiamn dnsteies ialnecadeas FHeM @srdScérce B epaidlell.from nucleic acid

and the like in the cells stained with the fluorescent dye in the first reagent. The receiving wavelength
can be app%?@@l’y’ s%l%’été&“éléﬁ’@n]dﬁfg on the fluorescent dye in the first reagent. [0060] In the

embodiments of the present inventian, the light source of a flow cytometer is not particularly limited
and may bE@H%ﬁ sodftd %ﬁﬁbga‘%{m&ﬁ%sv? VEE RSP BRSO Br tﬂ?eefﬁa%gf@&%eag}e. The light

source may be, for example, a re(g semiconductor laser, a Qlﬁe semiconductor laser, an argon laser, a
may corntain ofje or WG OFTHOT uorescen yes. ) .
He-Ne laser, a“-mercury arc lamp and the Tike. The semiconductor lasers are particularly suitable

because of fhgH §1exPEIINENGHSCAMRAY B 982 |3PELEnt invention, the

concentration of the fluorescent dye in the first reagent may vary
depending on the type of the fluorescent dye and is usually 0.01 to 100
pg/uL, preferably 0.1 to 10 pg/uL. When the fluorescent dye in the
first reagent is, for example, the fluorescent dye represented by the
formula (I), the first reagent preferably contain the fluorescent dye at a
concentration of 0.2 to 0.6 pg/uL, more preferably 0.3 to 0.5 pg/uL.
[0029] In the embodiments of the present invention, the first reagent
can be obtained by dissolving the fluorescent dye in a suitable solvent
so as to obtain the concentration described above. The solvent is not
particularly limited as far as it can dissolve the fluorescent dye and may
include, for example, water, organic solvents and mixtures thereof.

The organic solvents may include, for example, alcohols, ethylene

11



[0061]In the method of the present invention, leukocytes in the biological sample is classified and
counted based on the scattered light information and the fluorescence information (classification and
count step).  In the embodiments of the present invention, leukocytes are preferably classified and
counted by preparing a scattergram having two axes of side scattered light information and
fluorescence information and analyzing the obtained scattergram on an appropriate analysis software.
For example, when a scattergram is generated having a side scattered light intensity on the X-axis and
a fluorescent intensity on the Y-axis, as shown in the right panel in EIG. 1, leukocytes are classified
into 5 grou &XE%@FE‘}WH\?}HH&@Q%&P%ﬁ@%,arfé‘%tmﬁﬂﬂg,eeogﬁ{?pﬂﬁ’soﬁﬁﬁcﬁ%o%ﬂs. An
analysis software é@erhfro ides Wi&dDWS which enC|OSf th% resgective ro%%s on the scattergram and

allows courtC PR KRG ST ELIRHEr AR O EH T GO (LRGSR D & btors
H , t [ on i limited to thi badi d, f le, trophil d
Pasophs L e e D B o 4 Sters, [o062lin the

embodimenigpidhe piesenk pueRiam1ba Qigpaicalramnle MALAG &SAMARIG RASHRyGantaining

abnormal leukocytes. As described above, the reagent kit of the present invention allows separation of

the region whgierbe:signakot QN st AphosYias ARIBAR ARG e eaion Whake-thg signal of normal

monocytes appears on scattergrams detected on a flow cytometer. Thus the method of the present
invention alpushdgteeainef lesteallsnany atypicat |Vispbreyigs dyStieheatiyagthaneetween
among abnormal leukocytes contained in a biological sample in the step of classifying and counting
leukocytes. (Blasinest| Cangd @ty pica) lynginoayies iy i farentisaédihyg, fengzample, preliminarily
defining on scattergrams the region where the signal of blast cells appears and the region where the
signal of atyivdhiyrimpd tbytdb@mppeaes tFdy @ xapisiecmiesh by sithealasrdetec(@)d in the preliminarily
defined region where the signal of blast cells appears, it is determined that the biological sample
contains bld80cklk, algsaealaergritts detected in the preliminarily defined region where the signal
of atypical lymphocytes appears, it is determined that the biological sample contains atypical
lymphocytes, thuSTfiswfR detsagsibromRirias dhdheyregapBHoryide PreRgRE embodiments of

the present invention, blast cells may ipclude, for. example, myeloplasts, [0063]The present invention is
further descRBEE T EATMRASHSRH B WAD B dxanth Wﬁi&?&%@%ﬁﬂﬂ%ﬁg&%‘sﬁﬁﬁﬁvention.

Examples [Qolﬁgsl.:l_éarré%/ ﬁ o In tsh% l%eae% gxlanmp(l%uthe co %%Qlt(riatigplgf tfgoecac[%rg%tic organic acid
in the second r gent a pf—?oﬁﬁe secon reaéerﬁ &fe stigied 1R order to disaimimate the position

where the signg ?fe”(?@ﬁ?ﬂé&%l%hﬁ)clﬁe; &asq?&%gm £ p‘%srﬂtéoé'g"cVQSE?éQSﬁfé%’ﬂatﬂﬂftH%E‘“a'

monocytes appears on scattergrams The first reagent used was Stromatolyzer 4DS (Sysmex

Corporation) f{}8-86c086 r&?&?ﬂﬂﬂ@&%@&% ey 40iXIg Sea AR HY mMaiuR Shioride
(LTAC: Tokyo Chemical Industry Co., Ltd.), polyoxyethylene (30) cetyl ether (BC30TX: Nikko

Chemicals G9.hid - hR9tass v Fydrraesohthglate (hereinafter referred to as phthalate: Wako Pure
Chemical Industries, Ltd.) and EDTA-2K (Chubu Chelest K.K.) according to the compositions shown in

the followingD0agle 1. pir thiascadjbisdethwitbscoll el -sekinn invdntAfs jseheafiohie seistactant,
BC30TX is a nonionic surfactant and the phthalate is an aromatic organic acid. [0066]Table 1
reagent contains the aromatic organic acid at a concentration of not
less than 20 mM and less than 30 mM, the second reagent has pH of
not lower than 5.5 and not higher than 6.4, more preferably not lower
than 5.5 and not higher than 6.2. When the second reagent contains
the aromatic organic acid at a concentration of not less than 30 mM
and not more than 50 mM, preferably not less than 40 mM and not
more than 50 mM, the second reagent has pH of not lower than 5.5 and

not higher than 7.0. Still more preferably, when the second reagent

contains the aromatic organic acid at a concentration of not less than
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Name of reagent LTAC B0O30TX (ppm) Phthalate EDTA--2K (8/dL) HEPES (Ai) PH 2nd reagent A 2nd
reagent Fa 686 1850

40 mM and not more than 50 mM, the second reagent has pH of not
lower than 5.5 and not higher than 6.2.

[0033] In the embodiments of the present invention, treatment with
the second reagent of a biological sample allows lysis of erythrocytes in
the biological sample and damages cell membranes of leukocytes so as
to be permeable to the fluorescent dye. When the biological sample
contains abnormal leukocytes, the second reagent can also damage cell
membranes of the abnormal leukocytes so as to be permeable to the
fluorescent dye.

The blood cells damaged on cell membranes by the second reagent
are stained with the fluorescent dye in the first reagent. When the
second reagent has the concentration of the aromatic organic acid and
pH within the above ranges, the region where the signal of normal
lymphocytes appears and the region where the signal of normal
monocytes appears detected by flow cytometers and the like can be
separated to such extent that the detection accuracy of abnormal
leukocytes is improved and differentiation of blast cells from atypical
lymphocytes is possible.

[0034] As used herein, the aromatic organic acid means an acid
having at least one aromatic ring in a molecule or a salt thereof. The
aromatic organic acid may include, for example, aromatic carboxylic
acids, aromatic sulphonic acids and the like. In the embodiments of
the present invention, the aromatic organic acid which is suitably used
is phthalic acid, benzoic acid, salicylic acid, hippuric acid,

p-aminobenzenesulphonic acid, benzenesulphonic acid and salts
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6951850 nfl0. 2 200.2 10 107.0 2nd reagent C685 1750 20 0 2 7. 0 2nd reagent 685- 1750 20

thereof. The second reagent may contain one or two or more aromatic
organic acids. When the second reagent contains two or more aromatic
organic acids, the second reagent may contain the aromatic organic
acids at a total concentration thereof of not less than 20 mM and not
more than 50 mM.

[0035] In the embodiments of the present invention, the cationic
surfactant may be a quaternary ammonium salt surfactant or a
pyridinium salt surfactant. The quaternary ammonium salt surfactant
may include, for example, surfactants represented by the following
formula (II) having 9 to 30 carbon atoms in total:

[0036]

K2

|, B
R;—--II\I—-—-R4 X ()

Rj

[0037] In the formula (II), R; is an alkyl or alkenyl group having 6 to
18 carbon atoms; R2 and R3 are the same or different from each other
and are respectively an alkyl or alkenyl group having 1 to 4 carbon
atoms; R4 is an alkyl or alkenyl group having 1 to 4 carbon atoms or a
benzyl group; and X- is a halogen ion.

[0038] In the formula (II), R: is preferably an alkyl or alkenyl group
having 6, 8, 10, 12 or 14 carbon atoms and is particularly preferably a
linear alkyl group. More specifically, R1 may include octyl, decyl and

dodecyl groups. Ro2 and Rs are preferably a methyl, ethyl or propyl
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6 a 2nd reagent E 665 1750 20 0 2 6. 4 2nd reagent F 685 1750 20

group. R4 is preferably a methyl, ethyl or propyl group.
[0039] The pyridinium salt surfactant may include, for example,
surfactants represented by the following formula (III).

[0040]

\ /Nimm X~ I

[0041] In the formula (III), R: is an alkyl or alkenyl group having 6 to
18 carbon atoms; and X- is a halogen ion.
[0042] In the formula (IIl), R; is preferably an alkyl or alkenyl group
having 6, 8, 10, 12 or 14 carbon atoms and is particularly preferably a
linear alkyl group. More specifically, R1 may include octyl, decyl and
dodecyl groups.
[0043] In the embodiments of the present invention, the
concentration of the cationic surfactant in the second reagent may be
appropriately adjusted depending on the type of the surfactant and is
usually 10 to 10,000 ppm, preferably 100 to 1,000 ppm.
[0044] In the embodiments of the present invention, the nonionic
surfactant is preferably a polyoxyethylene nonionic surfactant
represented by the following formula (VI).

R1-R2-(CH2CH20)n-H (VI)
[0045] In the formula (VI), R: is an alkyl, alkenyl or alkynyl group
having 8 to 25 carbon atoms; Rz is an oxygen atom, -COO- or

[0046]
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0.26 2 2nd reagent G 685 1750 20 0.2 6.0 2nd reagent H 685 1750 20 0 2

O —_—
; and

n is an integer of 10 to 50.
[0047]  Specific examples of the nonionic surfactant may include
polyoxyethylene alkyl ethers, polyoxyethylene sterols, polyoxyethylene
castor oils, polyoxyethylene sorbitan fatty acid esters, polyoxyethylene
alkylamines, polyoxyethylene polyoxypropylene alkyl ethers and the
like.
[0048] In the embodiments of the present invention, the second
reagent may usually contain the nonionic surfactant at a concentration
of 10 to 100,000 ppm, preferably 100 to 10,000 ppm, more preferably
1,000 to 5,000 ppm.
[0049] In the embodiments of the present invention, the second
reagent may contain a buffering agent in order to maintain a constant
pH. The buffering agent may include, for example, citrate salts, HEPES,
phosphate salts and the like. The aromatic organic acid may exhibit a
buffering effect in some cases. When such an aromatic organic acid is
used, a buffering agent may be optionally added to the second reagent.
[0050] In the embodiments of the present invention, the second
reagent preferably have the osmotic pressure of, without limitation, 20
to 150 mOsm/kg in order to effectively lyse erythrocytes.
[0051] In the embodiments of the present invention, the second
reagent can be obtained by dissolving the surfactants, the aromatic

organic acid or a salt thereof and optionally the buffering agent to a

16



2nd reagent 1 68517503002 70 2nd reagentJ 685 1150 0. 2

suitable solvent so as to obtain the concentration of the aromatic
organic acid described above and adjusting pH thereof with NaOH, HCI
and the like.

The solvent is not particularly limited as far as it can dissolve the
above components and may include, for example, water, organic
solvents and mixtures thereof. The organic solvents may include, for
example, alcohols, ethylene glycol, DMSO and the like.

[0052] The reagent kit described hereinabove contains a distinct first
reagent and second reagent. However, the present invention is not
limited to this embodiment and may encompass a reagent having the
compositions of the first reagent and the second reagent without
particular limitation.

[0053] [Method for classifying and counting leukocytes]

By using the reagent kit for classifying leukocytes or the reagent,
leukocytes in biological samples can be classified and counted. The
method for classifying and counting leukocytes using the reagent kit of
the present invention (hereinafter simply referred to as the "method") is
hereinafter described.

In the method of the present invention, a measurement sample is
prepared by mixing a biological sample, the first reagent and the second
reagent in the reagent kit in order to lyse erythrocytes in the biological
sample and stain nucleic acid of leukocytes (preparation step).

[0054] In the embodiments of the present invention, the biological
sample and the first reagent or the second reagent are mixed at a

volume ratio of the biological sample : the first or second reagent of 1 : 1
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6. 8 2nd reagent K 685 1750 3002 6. 0 2nd reagent L 685 1750 30 0. 2

to 1: 1,000, more preferably 1 : 10 to 1 : 100. The ratio of the mixture
of the first and second reagents to the biological sample is such that the
volume ratio of the biological sample : the mixtureis 1 : Sto 1 : 1,000,
more preferably 1 : 10 to 1 : 100. Mixing the biological sample and the
first and second reagents at the above ratio allows prompt lysis of
erythrocytes and staining of nucleic acid of leukocytes. When the
biological sample contains abnormal leukocytes, nucleic acid of the
abnormal leukocytes is also stained. A sufficient amount of the
biological sample used for the measurement is about 5 to 500 pL.

[0055] In the preparation step, the biological sample, the first reagent
and the second reagent may be mixed in any order without limitation.
For example, the first reagent and the second reagent may be mixed
and then the obtained mixture may be mixed with the biological sample.
Alternatively, the second reagent may be mixed with the biological
sample and then the obtained mixture may be mixed with the first
reagent. In the embodiments of the present invention, mixing by any
order can provide similar results.

[0056] In the embodiments of the present invention, it is preferable
that the biological sample, the first reagent and the second reagent are
mixed prior to incubation at a temperature of 15 to 50°C, preferably 30
to 45°C for 5 to 120 seconds, preferably 5 to 30 seconds.

[0057] In the method of the present invention, light is applied to the
measurement sample prepared in the previous step to obtain scattered
light information and fluorescence information (measurement step).

In the embodiments of the present invention, the measurement

18



5.5 2nd reagent NI 685 _ 1750 40 02 7.0 2nd reagent N 685 1750 40

step is preferably carried out on a flow cytometer. In measurements
using a flow cytometer, light is applied to stained leukocytes when they
pass through a flow cell of the flow cytometer, so that scattered light
information and fluorescence information can be obtained as signals
generated from the leukocytes.
[0058] In the embodiments of the present invention, the scattered
light information is not particularly limited as far as it is scattered light
that can be measured on conventional commercially available flow
cytometers. The scattered light information may include, for example,
a pulse width and an intensity of scattered light such as forward
scattered light (e.g. light receiving angle of about O to 20 degrees), side
scattered light (light receiving angle of about 90 degrees) and the like.
It is known in the art that side scattered light reflects internal
information of cells such as nuclei and granules and forward scattered
light reflects information on the size of cells. In the embodiments of
the present invention, the scattered light information is preferably a
side scattered light intensity.
[0059] The fluorescence information is information obtained by
applying excitation light having an appropriate wavelength to the
stained leukocytes and measuring excited fluorescence. The
fluorescence is emitted from nucleic acid and the like in the cells
stained with the fluorescent dye in the first reagent. The receiving
wavelength can be appropriately selected depending on the fluorescent
dye in the first reagent.

[0060] In the embodiments of the present invention, the light source
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0.2 6.8 2nd reagent 0 685 1760 2 6.0 2nd reagent P 685 1750 40

of a flow cytometer is not particularly limited and may be a light source
having a suitable wavelength for excitation of the fluorescent dye. The
light source may be, for example, a red semiconductor laser, a blue
semiconductor laser, an argon laser, a He-Ne laser, a mercury arc lamp
and the like. The semiconductor lasers are particularly suitable
because of their inexpensiveness compared to gas lasers.

[0061] In the method of the present invention, leukocytes in the
biological sample is classified and counted based on the scattered light
information and the fluorescence information (classification and count
step).

In the embodiments of the present invention, leukocytes are
preferably classified and counted by preparing a scattergram having two
axes of side scattered light information and fluorescence information
and analyzing the obtained scattergram on an appropriate analysis
software. For example, when a scattergram is generated having a side
scattered light intensity on the X-axis and a fluorescent intensity on the
Y-axis, as shown in the right panel in FIG. 1, leukocytes are classified
into 5 groups (clusters) of lymphocytes, monocytes, neutrophils,
eosinophils and basophils. An analysis software then provides
windows which enclose the respective groups on the scattergram and
allows count of the number of cells therein.

In FIG. 1, leukocytes are classified into S clusters. However, the
present invention is not limited to this embodiment and, for example,
neutrophils and basophils may be classified as one cluster to classify

leukocytes into 4 clusters.

20



A.'2] a. 5 2nd reagent Q 68511750 50 0,2 6. 0 [0067] As shown in Table 1, only the second reagents
A and B contain HEPES (Dojindo Laboratories) as a buffer. The second reagents A and B correspond
to hemolytic agents of conventional leukocyte classifying reagents. [0068] The biological samples used
in the present Example are blood specimens (18 specimens) obtained from 18 healthy subjects. The
specimens are respectively referred to as specimen Nos. 1 to 18. [0069] A measurement sample was
prepared by mixing 20 ItL of a specimen, 20 ItL of the first reagent and 1000 ItL of the second reagent
and incubating at 40C for 20 seconds. Measurement samples were prepared for specimen Nos. 1 to

10 with the K587l redfetits AROLMRERT @F Hha RFESSELABIFRE™ 145 PIUAESR second

reagents B ggrdnple may be a sample possibly containing abnormal leukocytes. As

described above, the reagent kit of the present invention allows
separation of the region where the signal of normal lymphocytes
appears and the region where the signal of normal monocytes appears
on scattergrams detected on a flow cytometer. Thus the method of the
present invention allows detection of blast cells and atypical
lymphocytes by differentiating therebetween among abnormal
leukocytes contained in a biological sample in the step of classifying
and counting leukocytes. Blast cells and atypical lymphocytes may be
differentiated by, for example, preliminarily defining on scattergrams
the region where the signal of blast cells appears and the region where
the signal of atypical lymphocytes appears. For example, when a
signal is detected in the preliminarily defined region where the signal of
blast cells appears, it is determined that the biological sample contains
blast cells, and when a signal is detected in the preliminarily defined
region where the signal of atypical lymphocytes appears, it is
determined that the biological sample contains atypical lymphocytes,
thus allowing detection of blast cells and atypical lymphocytes.

In the embodiments of the present invention, blast cells may
include, for example, myeloblasts.
[0063] The present invention is further described in detail hereinafter
by way of examples which do not limit the present invention.
Examples

[0064] Example 1
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Eto G. Light was applied to the measurement samples on a flow cytometer (hereinafter referred to
as a FCM) and the side scattered light signal, the forward scattered light signal and the fluorescence
signal generated from the cells in the samples were detected. The obtained signals were analyzed to
measure normal leukocytes in the measurement samples. The FCM used had a light source of a red
semiconductor laser having an excitation wavelength of 633 nm. The fluorescence signal detected was
fluorescence having a wavelength of 600 nm or above (red fluorescence). [0070] When a scattergram
is prepared for each measurement sample having the side scattered light intensity on the X-axis and

the fluorescence TAtERSIRTERGHE FXRMRPISukBE USTRT TR RS ST MR RNSMAAGLr 8PS, These

clusters are ar.lgllrlxzet with an ?ﬁlo ropriate a ware to identify the leuko .clysters and
u

lysi t
calculate trR MRS e RIbEERS RIS SEERS RESTBbAROA SHASHhs in the
respective lepkoris GIusSFR IS0 plo s lal b glceliand e gasiion of the centoid of the

respective leukocyte clusters. ositions of the centrol the respective leukocyte clusters,

the distance RERYRER,The CRRILAIAS MSeNAtYJSierediRas NgCEUIH SiSiaRasAls calculated.

[0071]As a reference to the centroid distance, FIG. 1 is provided. The left panel in FIG. 1is a

scattergramQbiRipeEERYpEasHE g & SReEd #@m a healthy subject with the above first reagent and
the second reagent 0. The left panel in FIG. 1 shows that normal leukocytes in the specimen were

classified infodepes, Tige Rphectest rneRACKeSs, SEWrRRNIE RIS 8AGRasophils. In the right
panel of FIG. 1, the respective blood cell clusters are identified and the centroids (.) for the clusters of

lymphocyte€ anoorationytesTdre swdioaiéd.chle itz e bapaesh hyosisihgls (.) corresponds to the
centroid distance. [0072] The average centroid distance was 36.4 when 10 specimens (specimen Nos.

1 to 10) werkorhecdiiranh ettty thmseooid ne afparid €dhthaatelodnee Atrationc 20lmdd 93Ky 7.2). The
average centroid distance was 38.3 when18 specimens (specimen Nos. 1 to 18) were measured with

the second ¥&agdA€lB, (priaryes dureanrednc oty hatheHBOP Qo6 N freodrbredcadftroid distance

obtained when 10 specimens (specimen Nos. 1 to 10) were measured with the second reagents C, D

and H to Q (el He dverigs s Hmohy dicessteRibmadsiesteis afeinfdrErepéeifen Nos. 1 to 18)
were measure ith the second reagent G and.the average centroid distance obtain hen 8
specimens R ﬁﬁf&ﬁﬁﬁﬁ%@a&?@%ﬁ%@?mﬁh@é&&ﬁa& rg%ﬁﬁf?g éﬁg&élre shown in
the following,.Taple average centrojd distances.shown in Table 2 are classified according to the
ohthalate oo N ERSATA A S e Gousad PAaBEs AAOSRERN T B Asibng

oeilowmg THle 3. [0074]Table
2 Name of reagent Centrpid AUSIANeR ReFANPH $PRED S B18ition.

LTAC is a cationic surfactant, BC30TX is a nonionic surfactant and
the phthalate is an aromatic organic acid.

[0066] Table 1
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Second reagent D 35.5 Second reagent E 40.4 Second reagent F 42.9 Second reagent G 45.1
Second reagent H 45.4 Second reagent | 41.3

Nameof LTAC BC30TX |Phthalate | EDTA-2K HEPES
reagent (ppm) (ppm) (mM) (g/dL) (mM) B
2nd reagent A 685 1850 20 0.2 10 7.2
2nd reagent B 685 1850 20 0.2 10 7.0
2nd reagent C 685 1750 20 0.2 = 7.0
2nd reagent D 685 1750 20 0.2 - 6.8
2nd reagent E 685 1750 20 0.2 - 6. 4
2nd reagent F 685 1750 20 0.2 - 6.2
2nd reagent G 685 1750 20 0.2 — 6.0
2nd reagent H 685 1750 20 0.2 - 5.5
2ndreagentl | g5 1750 30 0.2 — 1.0
2ndreagentd | 6g5 1750 30 0.2 — 6.8
2ndreagentK | g5 1750 30 0.2 - 6.0
2nd reagent L 685 1750 30 0.2 - 5.5
2nd reagent M 685 1750 40 0.2 — 7.0
2nd reagent N 685 1750 40 0.2 — 6.8
2nd reagent O 685 1750 40 0.2 - 1 6.0
2ndreagentP | 685 1750 40 0.2 — |55
2nd reagent Q 685 1750 50 0.2 - 6.0

[0067] As shown in Table 1, only the second reagents A and B
contain HEPES (Dojindo Laboratories) as a buffer. The second
reagents A and B correspond to hemolytic agents of conventional
leukocyte classifying reagents.

[0068] The biological samples used in the present Example are blood
specimens (18 specimens) obtained from 18 healthy subjects. The
specimens are respectively referred to as specimen Nos. 1 to 18.

[0069] A measurement sample was prepared by mixing 20 uL of a
specimen, 20 uL of the first reagent and 1000 pL of the second reagent
and incubating at 40°C for 20 seconds. Measurement samples were
prepared for specimen Nos. 1 to 10 with the second reagents A to D and

G to Q and for specimen Nos. 11 to 18 with the second reagents B and
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Second reagent J 40.5 Second reagent K 44.3 Second reagent L 45.8 Second reagent M 50.7 Second
reagent N 47.7 Second reagent 0 52.7 Second reagent P 48.0

E to G.

Light was applied to the measurement samples on a flow cytometer
(hereinafter referred to as a FCM) and the side scattered light signal, the
forward scattered light signal and the fluorescence signal generated
from the cells in the samples were detected. The obtained signals were
analyzed to measure normal leukocytes in the measurement samples.
The FCM used had a light source of a red semiconductor laser having
an excitation wavelength of 633 nm. The fluorescence signal detected
was fluorescence having a wavelength of 600 nm or above (red
fluorescence).

[0070] When a scattergram is prepared for each measurement
sample having the side scattered light intensity on the X-axis and the
fluorescence intensity on the Y-axis, leukocytes form clusters for
different types of cells. These clusters are analyzed with an
appropriate analysis software to identify the leukocyte clusters and
calculate the number of cells in the respective leukocyte clusters, the
proportion of the cells in the respective leukocyte clusters relative to the
total number of cells and the position of the centroid of the respective
leukocyte clusters. From the positions of the centroid of the respective
leukocyte clusters, the distance between the centroids (hereinafter
referred to as the centroid distance) is calculated.

[0071] As a reference to the centroid distance, FIG. 1 is provided.
The left panel in FIG. 1 is a scattergram obtained by measuring a
specimen from a healthy subject with the above first reagent and the

second reagent O. The left panel in FIG. 1 shows that normal
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Second reagent Q 52.3 [0075]Table 3 pH Phthalate concentration 20 mM 30 mM 40 mM 50 mM 7.0
35.041.3

leukocytes in the specimen were classified into 5 types, i.e. lymphocytes,
monocytes, neutrophils, eosinophils and basophils. In the right panel
of FIG. 1, the respective blood cell clusters are identified and the
centroids (e) for the clusters of lymphocytes and monocytes are
indicated. The distance between two symbols () corresponds to the
centroid distance.

[0072] The average centroid distance was 36.4 when 10 specimens
(specimen Nos. 1 to 10) were measured with the second reagent A
(phthalate concentration: 20 mM, pH 7.2). The average centroid
distance was 38.3 when18 specimens (specimen Nos. 1 to 18) were
measured with the second reagent B (phthalate concentration: 20 mM,
pH 7.0).

[0073] The average centroid distance obtained when 10 specimens
(specimen Nos. 1 to 10) were measured with the second reagents C, D
and H to Q, and the average centroid distance obtained when 18
specimens (specimen Nos. 1 to 18) were measure with the second
reagent G and the average centroid distance obtained when 8
specimens (specimen Nos. 11 to 18) were measured with the second
reagents E and F are shown in the following Table 2. The average
centroid distances shown in Table 2 are classified according to the
phthalate concentration and pH of the second reagent and shown in the
following Table 3.

[0074] Table 2

Name of reagent Centroid distance
Second reagent C 35.0
Second reagent D 35.5
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50.7 6.835.540.547.7 6.440.4 6.242.9

Second reagent E 40.4
Second reagent F 42.9
Second reagent G 45.1
Second reagent H 45.4
Second reagent I 41.3
Second reagent J 40.5
Second reagent K 44.3
Second reagent L 45.8
Second reagent M 50.7
Second reagent N 47.7
Second reagent O 52.7
Second reagent P 48.0
Second reagent Q 52.3

[0075] Table 3
H Phthalate concentration
P 20 mM 30 mM 40 mM 50 mM
7.0 35.0 41.3 50.7 -
6.8 35.5 40.5 47.7 -
6.4 40.4 - - -
6.2 42.9 - - -
6.0 45.2 44.3 52.7 52.3
5.5 45.4 45.8 48.0 -
[0076] From Table 3, it is found that when the second reagent has

certain combinations of the phthalate concentration and pH, the region

where the signal of monocytes appears is significantly discrete from the

region where the signal of lymphocytes appears compared to the cases

when the conventional second reagents A and B are used. Such

combinations of the phthalate concentration and pH are: the phthalate

concentration of not less than 20 mM and less than 30 mM and pH of

not lower than 5.5 and not higher than 6.4; and the phthalate

concentration of not less than 30 mM and not more than 50 mM and

pH of not lower than 5.5 and not higher than 7.0.

[0077]

In the present Example, a blood specimen containing

Example 2
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6.0 45.2 44.352.7 52.35.545.4 45.8 48.0

morphologically abnormal lymphocytes (hereinafter referred to as
abnormal specimen 1) was measured with the first reagent and the
second reagent B, G or O described in Example 1. The measurement
by the FCM and calculation of the centroid distance were carried out in
the same manner as Example 1.

[0078] The scattergrams (X-axis: side scattered light intensity, Y-axis:
fluorescence intensity) generated based on the measurements by the
FCM using the reagents are shown in FIG. 2.

[0079] The centroid distance was 62.9 when the abnormal specimen
1 was measured with the second reagent B (phthalate concentration: 20
mM, pH 7.0). The centroid distance was 69.7 when the abnormal
specimen 1 was measured with the second reagent G (phthalate
concentration: 20 mM, pH 6.0). The centroid distance was 80.6 when
the abnormal specimen 1 was measured with the second reagent O
(phthalate concentration: 40 mM, pH 6.0).

[0080] The abnormal specimen 1 used in the present Example is a
specimen which provides the signal of morphologically abnormal
lymphocytes at a similar region as the signal of normal lymphocytes.
Therefore the cluster of lymphocytes significantly expands on
scattergrams. When the abnormal specimen 1 is measured with the
second reagent B which is a conventional hemolytic agent, the cluster
containing morphologically abnormal lymphocytes overlaps with the
cluster of monocytes, and thus it is difficult to detect morphologically
abnormal lymphocytes with accuracy.

On the other hand, measurements with the second reagent G or O
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[0076] From Table 3, it is found that when the second reagent has certain combinations of the
phthalate concentration and pH, the region where the signal of monocytes appears is significantly
discrete from the region where the signal of lymphocytes appears compared to the cases when the
conventional second reagents A and B are used. Such combinations of the phthalate concentration
and pH are: the phthalate concentration of not less than 20 mM and less than 30 mM and pH of not
lower than 5.5 and not higher than 6.4; and the phthalate concentration of not less than 30 mM and not

more than 50 mM and pH of not lower than 5.5 and not higher than 7.0. [0077] Example 2 In the
present Ex&hHRE 58860 slHcRhER B EIRMY IR HBR GLAN thh SimatesyMbhocytes (hereinafter

referred to s abnormal specimen.1) was m?asured Witgéfbl@ first rea ?nt ndt esecondtreagent B, G
or 0 descrid SR ISPl L e IREALGRAT D SHAF F R BB SRR P distance
were carrieg out I e Same AAANSEAD Fxamele. LLI00TBIThe sealeraams (s side scattered

light intensity, Y-axis: fluorescence intensity) geherated based on the measurements by the FCM

using the reaents A S0 %in‘fé‘%lﬁsE@?l%nﬁ'&?xﬁﬁ%ﬁﬁtigﬁﬁt@fb@é’& SdbRdynag the abnormal

specimen 1 was measured with the second reagent B halate concentration: 20 mM, pH 7.0). The

centroid distaRGeHNas R CXeR eEAIatSRECINRERIL Was Hreasee el Wersecond reagent G
(phthalate concentration: 20 mM, pH 6.0). The centroid distance was 80.6 when the abnormal

specimen lavagraegsuradouitd hglsaeeip rrageisdl{phhabrie adneeiptasionie40oanyibeH 6.0). [0080]
The abnormal specimen 1 used in the present Example is a specimen which provides the signal of
morphologiciity eecbmitdh [nghleocytesiabaysithbdar cegionrasdhelsigagleaftsormal lymphocytes.
Therefore the cluster of lymphocytes significantly expands on scattergrams. When the abnormal
specimen 1[@08@éhsurEkavitipthe3second reagent B which is a conventional hemolytic agent, the
cluster containing morphologically abnormal lymphocytes overlaps with the cluster of monocytes, and
thus it is difficult & déte @uesepiidiogicamcashbirlaginabrasyrls waRtadairgcy. On the other hand,
measurements with the second reagent G or O of the reagent kit of the present invention allow the

cluster of lymprBERILIRaNY shmacmal lxapahaeyted dhereinadter selssrretyR&STherefore even
when abnormal specimens are me suregd a?Bin the;P;esent ample, the cluster containing
morphologiEaA6h3 rﬁBFﬁ}mﬁﬁbgjtgg £h BOOSISPASATRENT FRURLERSHEHS Svith accuracy.
Accordingly morpholggically abnormal | hocytes can be detected with higher accuracy than
conventiond A SRR OGRS 1SR S DI e D e T o e LR o eaining

morpho'ogi?ﬁﬂzy@%%%’té;é}g&@% Cﬁ%%@?&?ﬂ&%%r%’&{%rﬁ?ddoﬁf&b (uaLERRGMAN 2) and a

biological samp ing myeloblasts (hereinafter referfred to as abnormal specimen 3) were
measured v@g{h%fgsi reagent and the second reagent B, G, M or 0 described in Example 1.

[0082] The biological samples used in the present Example are two
blood specimens which do not allow determination for abnormal
leukocytes whether they are morphologically abnormal lymphocytes or
myeloblasts in measurements using conventional reagents. This
results from the fact that both signals of morphologically abnormal
lymphocytes and of myeloblasts appear at about the same region on
scattergrams. The measurement by the FCM and calculation of the
centroid distance were carried out in the same manner as Example 1.
[0083] The scattergrams (X-axis: side scattered light intensity, Y-axis:
fluorescence intensity) generated based on the measurements by the

FCM using the reagents are shown in FIGs. 3 and 4.
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[0082] The biological samples used in the present Example are two blood specimens which do not
allow determination for abnormal leukocytes whether they are morphologically abnormal lymphocytes
or myeloblasts in measurements using conventional reagents. This results from the fact that both
signals of morphologically abnormal lymphocytes and of myeloblasts appear at about the same region
on scattergrams. The measurement by the FCM and calculation of the centroid distance were carried
out in the same manner as Example 1. [0083]The scattergrams (X-axis: side scattered light intensity,
Y-axis: fluorescence intensit %%nerate_d based on the measurements by the FCM usin%the reagents

are shown iWRREY. 3 dHPH 1841 Floth FBNS, thRUSIHARREARMOHD abRBRAERE etitten 2 is

d with th t B whichi tiopal t, the. cl f hologicall
normal RO L T e i b RRBRC h SO AR R RGP GPmpnocytos and
the clust ' h i t the, directi higher f
inensity), v R B O B A i e

second reagepl B, INf-GIUSLEr o5 ay QlablastsiniRe SRS AU SR RISBARRSAR alASiRilar region as the

cluster of morphologically abnormal lymphocytes contained in the abnormal specimen 2.  Namely,
both clusters| g ahingrmadicstkpedas containgd b e 2BRQrRasiSRaEENRNRIS and disvetlap partially
with the clusters of lymphocytes and monocytes. The clusters of abnormal leukocytes in the abnormal
specimens gfafigBealFaiiewcsimitaiieaiusiyf diGibnUING on spaftergsanisund g the results of
the measurements using the second reagent B which is a conventional reagent do not allow
determinatiorhem whichlohorerzticpgicatly alih dsnmaé hsopbdoytish ahe yetohlasta gea sicimens
contain. Further the cluster of morphologically abnormal lymphocytes overlaps partially with the
clusters of l{ingpblrstes ahthyenbdgsds, andhbpitdsmifficalso afazsifysaatl zsimtilmrmal
lymphocytes and monocytes with accuracy. [0085] From FIGs. 3 and 4, it is found that in the
measuremdifgiosigg tHeesebsg redgasrprologie oy bmrrmekbeomhaaest of the reagent kit of
the present invention, the cluster of lymphocytes and the cluster of monocytes appear separated on
scattergranfONEB RN e AMNEEIEAIRPESHREalymphocytes contained in the abnormal
specimen 2 appear deviated towards the clg(%%rlof lymphogytes, resulting in accurate separation

thereof from the ClASRSYf LR FoPE SR OTRAL RO O fiRiA SR TR aBh bRfial specimen 3

appear deviated towards the cluster, of ocytes, resulting jn accurate separation thereof from the
cluster of Iyzri?lbprﬁ%ggltzeﬁs.Specllm%r%ﬁeérﬁé@;?reor%%%ép \A}?t%r:[ﬁ%ﬂ e?:Nolr% %gg(éeirﬁsotfeﬁ?eorgagent kit of the

present invgﬂﬂg%h%%‘eggﬁﬁ@%gﬁ@%% bel‘?’(ﬁ%?d@?e%%?%‘ﬂl}gt ﬂ?éﬁi@@%%l%@'%abnorma'

lymphocytes appea e position where myeloblasts appear, and thus allow accurate

determination onthe f¥Rg10f ARIRTEIRS IsukAaYies RANLAInGH R snasimeRs Eurgper, the measurements

with the reagent of the present invention allow accurate discrimination of the cluster of abnormal
leukocytes Hostribe Elbtenos datieeextas or the cluster of monocytes, and thus allow more accurate
classification and count of normal monocytes or normal lymphocytes compared to the conventional

reagents. [0086] Erampiecdresult $hef piesent kxaniptas hislogita stiwplessadtadaiggnn@phologically
abnormal lymphocytes were measured with the first reagent and the second reagent A or 0 described
in Example whidie maerphoiegictibnabmesgahly op oy td boso rtetrechim dteobiaiogichlishmfple in the
present Example were confirmed to be atypical lymphocytes by morphological examinations.

morphologically abnormal lymphocytes and myeloblasts the specimens

contain. Further the cluster of morphologically abnormal lymphocytes

overlaps partially with the clusters of lymphocytes and monocytes, and

thus it is difficult to classify and count normal lymphocytes and

monocytes with accuracy.

[0085] From FIGs. 3 and 4, it is found that in the measurements

using the second reagent I, K, M or O which is the second reagent of the

reagent kit of the present invention, the cluster of lymphocytes and the
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The biological samples used in the present Example are two blood specimens (hereinafter
respectively referred to as abnormal specimen 4 and abnormal specimen 5) which do not allow
determination for abnormal leukocytes whether they are atypical lymphocytes or blast cells in
measurements using conventional reagents. This results from, as described above, the fact that both
signals of atypical lymphocytes and of blast cells appear at about the same region on scattergrams.
The measurement by the FCM was carried out in the same manner as Example 1. [0087]The
scattergrams (X-axis:_side scattered light intensity,ga;fxis: fluorescence intensity) aenerated based on

the measurEHHSHEL BF TRORRMGSI AR R FeSRMAlGS QRNGRHHGERE2B1St is ARG 4HAEWhen the
abnormal specimens 4 and 5 emeaSlIlr dwifg th second[rea nt A which is a copventional
reagent tha AP SIS DR ARBR P et N b WS BT BR between the
| fl [ ' h ' ds th
cluster o y%g%gﬁ%%sfgg)e&eeaﬁ UGS &‘é’&%‘é¥5§ss ﬁﬁé‘ %ﬁ%‘%@ra ﬁ’gl’ﬁrﬁcg?{(égg{%g (towards the

direction of uorescence intensity). Because the cluster of SO dppears at almost

similar regi‘%@éﬂ?{fﬁ/gqh(Q‘%ﬁ}a‘@@&éﬁﬁﬁ?ﬁﬁrtﬂ&yﬁﬁbmﬁ@ﬁﬁﬁé}a@f‘Hﬁ@ﬁdi%z‘?éged by

differentiating thereof from the cluster of blast cells. ~ On the other hand, when the abnormal

specimens f1apdor are mpasRE WiIthHhesaeanth 'ere e b the:elupiesial caonagyrswas separated

from the cluster of lymphocytes as well as the cluster of atypical lymphocytes appeared deviated

towards thedeltiies @ftbwrmhieytes ohissteewn i drce vk ésgaedind fv@mpieSuyden abnormal
specimens containing blast cells are measured with the second reagent 0, blast cells appear deviated

towards theselpatertaimtinaeydé $rdvactidinglys titwe efugtepdfatypésal lymphocytes can be detected by
differentiating thereof from the cluster of blast cells. [0088] Example 5  In the present Example, a
biological samplélivas teasuees witnilea fysvithdbet sechad tragenord tdwgeeagiretdeitond reagent
A or G described in Example 1, or a second reagent R or S containing the phthalate and benzoic acid
as the aronftidisrpasReadidnTeptier iR APty FnasH S irstephaiarearbihaidasi i?AC, BC30TX,
the phthalate, benzoic acid and EDTA-2K so as to obtain the compositions shown in the following
Table 4. [O%bﬁ%%%%%?%ﬁ’g%ﬁpﬁml lymphocytes appear and the position

where myeloblasts appear, and thus allow accurate determination on
the type of abnormal leukocytes contained in specimens. Further, the
measurements with the reagent of the present invention allow accurate
discrimination of the cluster of abnormal leukocytes from the cluster of
lymphocytes or the cluster of monocytes, and thus allow more accurate
classification and count of normal monocytes or normal lymphocytes
compared to the conventional reagents.
[0086] Example 4

In the present Example, biological samples containing
morphologically abnormal lymphocytes were measured with the first
reagent and the second reagent A or O described in Example 1. The
morphologically abnormal lymphocytes contained in the biological
sample in the present Example were confirmed to be atypical
lymphocytes by morphological examinations.

The biological samples used in the present Example are two blood
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(ppm) BC30TX (PPm) Phthalate (mM) Benzoic acid (mM) EDTA-2K (g/dL) pH Second reagent R 685
1850

specimens (hereinafter respectively referred to as abnormal specimen 4
and abnormal specimen 5) which do not allow determination for
abnormal leukocytes whether they are atypical lymphocytes or blast
cells in measurements using conventional reagents. This results from,
as described above, the fact that both signals of atypical lymphocytes
and of blast cells appear at about the same region on scattergrams.

The measurement by the FCM was carried out in the same manner as
Example 1.

[0087] The scattergrams (X-axis: side scattered light intensity, Y-axis:
fluorescence intensity) generated based on the measurements by the
FCM using the reagents are shown in FIG. 5. It is found that when the
abnormal specimens 4 and 5 are measured with the second reagent A
which is a conventional reagent, the cluster of atypical lymphocytes in
the specimens appears from a region between the cluster of
lymphocytes and the cluster of monocytes to a region above that region
(towards the direction of higher fluorescence intensity). Because the
cluster of blast cells also appears at almost similar region therewith (not
shown), the cluster of atypical lymphocytes cannot be detected by
differentiating thereof from the cluster of blast cells.

On the other hand, when the abnormal specimens 4 and S are
measured with the second reagent O, the cluster of monocytes was
separated from the cluster of lymphocytes as well as the cluster of
atypical lymphocytes appeared deviated towards the cluster of
lymphocytes. As shown in FIG. 4 regarding Example 3, when

abnormal specimens containing blast cells are measured with the
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20 20 0.2 6.0 Second reagent S 685 1850 20 30 0.2 6.0 [0090] The biological sample used in the
present Example is a blood specimen obtained from a healthy subject. The measurement by the FCM
and calculation of the centroid distance were carried out in the same manner as Example 1.

second reagent O, blast cells appear deviated towards the cluster of
monocytes. Accordingly, the cluster of atypical lymphocytes can be
detected by differentiating thereof from the cluster of blast cells.
[0088] Example 5

In the present Example, a biological sample was measured with the
first reagent and, as the second reagent, the second reagent A or G
described in Example 1, or a second reagent R or S containing the
phthalate and benzoic acid as the aromatic organic acid. The second
reagents R and S were prepared by mixing LTAC, BC30TX, the
phthalate, benzoic acid and EDTA-2K so as to obtain the compositions
shown in the following Table 4.

[0089] Table 4

Name of LTAC BC30TX | Phthalate | Benzoic | EDTA-2K !
reagent (ppm) (ppm) (mM) acid (mM) (g/dL) P
Second 685 1850 20 20 0.2 6.0
reagent R
Second 685 1850 20 30 0.2 6.0
reagent S

[0090] The biological sample used in the present Example is a blood
specimen obtained from a healthy subject. The measurement by the
FCM and calculation of the centroid distance were carried out in the
same manner as Example 1.

[0091] The scattergrams (X-axis: side scattered light intensity, Y-axis:
fluorescence intensity) generated based on the measurements by the
FCM using the reagents are shown in FIG. 6. The centroid distance
upon measurements of the specimen using the reagents and the
concentration of aromatic organic acid and pH of the reagents are

shown in the following Table 5.
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[0091]The scattergrams (X-axis: side scattered light intensity, Y-axis: fluorescence intensity) generated
based on the measurements by the FCM using the reagents are shown in FIG. 6. The centroid
distance upon measurements of the specimen using the reagents and the concentration of aromatic
organic acid and pH of the reagents are shown in the following Table 5. [0092]Table 5 Name of
reagent Centroid distance Phthalate (mM) Benzoic acid (mM) pH Second reagent A 37.9 20

[0092] Table 5

Centroid Benzoic acid
Name of reagent distance Phthalate (mM) (mM) pH
Second reagent A 37.9 20 0 7.2
Second reagent G 447 20 0 6.0
Second reagent R 46.3 20 20 6.0
Second reagent S 47.0 20 30 6.0

[0093] From Table 5 and FIG. 6, it is found that the measurements
with the second reagent further containing, in addition to the phthalate,
benzoic acid as the aromatic organic acid can further increase the
centroid distance between the cluster of monocytes and the cluster of

lymphocytes.
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0 7.2 Second reagent G 44.7 20 0 6.0 Second reagent R 46.3 20 20 6.0 Second reagent S 47.0

What is claimed is:

1. A method for classifying and counting leukocytes comprising the
steps of:

preparing a measurement sample by mixing a biological sample; a
first reagent for staining nucleic acid; and a second reagent containing
cationic and nonionic surfactants for lysing erythrocytes and damaging
cell membranes of leukocytes so as to be permeable to the fluorescent
dye and an aromatic organic acid at a concentration of not less than 20
mM and not more than 50 mM;

applying light to the prepared measurement sample and obtaining
scattered light information and fluorescence information generated
thereby; and

based on the obtained scattered light information and fluorescence
information, classifying the leukocytes in the biological sample and
detecting blast cells and atypical lymphocytes by differentiating
therebetween;

wherein when the second reagent contains the aromatic organic
acid at a concentration of not less than 20 mM and less than 30 mM,
the second reagent has pH of not lower than 5.5 and not higher than
6.4, and when the second reagent contains the aromatic organic acid at
a concentration of not less than 30 mM and not more than 50 mM, the

second reagent has pH of not lower than 5.5 and not higher than 7.0.
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20 30 6.0 [0093] From Table 5 and FIG. 6, it is found that the measurements with the second reagent
further containing, in addition to the phthalate, benzoic acid as the aromatic organic acid can further
increase the centroid distance between the cluster of monocytes and the cluster of lymphocytes. What
is claimed is: 1. A method for classifying and counting leukocytes comprising the steps of:

preparing a measurement sample by mixing a biological sample; a first reagent for staining nucleic
acid; and a second reagent containing cationic and nonionic surfactants for lysing erythrocytes and
damaging cell membranei of leukocytes so as tg be permeabhle to the fluorescent dye and an aromatic

organic acidat a toh RErPSEROEINS (R G F v ERE TR HB Fed PR 8 HriNig2Tigh plying light to

the prepared mﬁ{sasure nésample and bftainin scattered I(;ght in{ormat}on and fluorescence

information Fefelatdl e e%eaﬁfalectsﬁséargn o SRS ECAERE) RoAPIAEPASR and

fluorescence_information, classifyi ukogwvies in. the. hiological le and detecting blast cells
and atypica?%/%%ﬁg%ﬁgg ]b%/ (?i e%gglé{;%ﬁg %%%%8%%%58;18 gv%ﬁe%e?r% ?/tvnr{l%r% lfﬁg?éecond reagent
contains the aromatic organic acid at a concentration of not less than 20 mM and less than 30 mM, the

second reagent has pH of not lower than 5.5 and not higher than 6.4, and when the second reagent

contains thes aromalic,AaaRig aceRREOReNHATON BF Motypss bR 3 BM sAd PekBgre than 50
mM, the second reagent has pH of not lower than 5.5 and not higher than 7.0. 2. The method

according tesiaimrls Wheriorinet & @radiaieraanicacid ioatieashenmsefacted dgymkegroup
consisting of an aromatic carboxylic acid, an aromatic sulphonic acid and a salt thereof

40 mM and not more than 50 mM.

4. The method according to claim 1 or 2, wherein the second reagent

has pH of not lower than 5.5 and not higher than 6.2.

5. The method according to claim 1 or 2, wherein the scattered light

information is side scattered light information.

6. The method according to claim 1 or 2, wherein the cationic
surfactant is a quaternary ammonium salt surfactant or a pyridinium

salt surfactant.

7. The method according to claim 1 or 2, wherein the nonionic
surfactant is a polyoxyethylene nonionic surfactant represented by the
following general formula (VI):
R1-R2-(CH2CH20)n-H (VI)
wherein R; is an alkyl, alkenyl or alkynyl group having 8 to 25

carbon atoms; R> is an oxygen atom, -COO- or
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3. The method according to claim 1 or 2, wherein the second reagent contains the aromatic organic
acid at a concentration of not less than 40 mM and not more than 50 mM. 4. The method according to
claim 1 or 2, wherein the second reagent has pH of not lower than 5.5 and not higher than 6.2. 5. The
method according to claim 1 or 2, wherein the scattered light information is side scattered light
information. 6. The method according to claim 1 or 2, wherein the cationic surfactant is a quaternary
ammonium salt surfactant or a pyridinium salt surfactant. 7. The method according to claim 1 or 2,
wherein the nonionic surfactant is a polyoxyethylene nonionic surfactant represented by the following
general formula (VAT™R™R2-(CH2CH20)11-H(VI)  wherein Ri is an alkyl, alkenyl or alkynyl group
Iil?iian oxygen atom, -000- or ; and nis an integer of 10 to 50. 8. A
reagent kit for clag gAeukotytes comprising  a first reagent containing a fluorescent dye capable

; and

n is an integer of 10 to 50.

8. A reagent kit for classifying leukocytes comprising

a first reagent containing a fluorescent dye capable of staining
nucleic acid; and

a second reagent containing cationic and nonionic surfactants for
lysing erythrocytes and damaging cell membranes of leukocytes so as to
be permeable to the fluorescent dye and an aromatic organic acid at a
concentration of not less than 20 mM and not more than 50 mM,

wherein when the second reagent contains the aromatic organic
acid at a concentration of not less than 20 mM and less than 30 mM,
the second reagent has pH of not lower than 5.5 and not higher than
6.4, and when the second reagent contains the aromatic organic acid at
a concentration of not less than 30 mM and not more than 50 mM, the

second reagent has pH of not lower than 5.5 and not higher than 7.0.

9. The reagent kit according to claim 8, wherein the aromatic organic
acid is at least one selected from the group consisting of an aromatic

carboxylic acid, an aromatic sulphonic acid and a salt thereof.

10. The reagent kit according to claim 8 or 9, wherein the second

reagent contains the aromatic organic acid at a concentration of not
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a second reagent containing cationic and nonionic surfactants for lysing erythrocytes and damaging
cell membranes of leukocytes so as to be permeable to the fluorescent dye and an aromatic organic
acid at a concentration of not less than 20 mM and not more than 50 mM,  wherein when the second
reagent contains the aromatic organic acid at a concentration of not less than 20 mM and less than 30
mM, the second reagent has pH of not lower than 5.5 and not higher than 6.4, and when the second
reagent contains the aromatic organic acid at a concentration of not less than 30 mM and not more
than 50 mM, the second reagent has pH of not Jower than 5.5 and not higher than 7.0. 9. The reagent

kit accordinf &5 &R & AASHOMQEE Shmic AaRS at least one selected from the group

consisting of an aromatic carboxylic acid, an aromatic sulphonic acid and a salt thereof 10. The
reagent kit according to claim 8 or 9, wherein the second reagent contains the aromatic organic acid at

a concentrafion ofﬁé’trégé%BQ%%?Q@&M&E%%:@%%{&%&SQ %'ﬂ%rlgjmTt e %é‘t?ﬁ& it according to

claim 8 or 9, wherein the Second reagent not Tower than 5.5 and not higher than 6.2. 12.

The reagent Kii-acroring g ¢laim, 8 10w RRIRIS e cRfI e ﬁ&gﬁ&%ﬂiﬁ%@@ﬁtemaw ammonium

salt surfactant or a pyridinium salt surfactant. 13. The reagent kit according to claim 8 or 9, wherein
the nonionic surfactant is a polyoxyethylene nonionic surfactant represented by the following general
formula (VI): Ri-R2-(CH2CH20)11-H(VI)  wherein Ri is an alkyl, alkenyl or alkynyl group haying 8 to
25 carbon atomsTRE & agcortyBen-aiosrdid@ltelaaid’ or 9, wherein the cationic

surfactant is a quaternary ammonium salt surfactant or a pyridinium

salt surfactant.

13. The reagent kit according to claim 8 or 9, wherein the nonionic
surfactant is a polyoxyethylene nonionic surfactant represented by the
following general formula (VI):
R1-R2-(CH2CH20)n-H (V1)
wherein R; is an alkyl, alkenyl or alkynyl group having 8 to 25

carbon atoms; R> is an oxygen atom, -COO- or

O_
; and

n is an integer of 10 to 50.

14. A reagent for classifying leukocytes comprising a fluorescent dye
capable of staining nucleic acid, a cationic surfactant, a nonionic
surfactant and an aromatic organic acid,

wherein the reagent contains the aromatic organic acid at a

concentration of not less than 20 mM and not more than 50 mM, and
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nis an integer of 10 to 50. 14. A reagent for classifying leukocytes comprising a fluorescent dye
capable of staining nucleic acid, a cationic surfactant, a nonionic surfactant and an aromatic organic
acid, wherein the reagent contains the aromatic organic acid at a concentration of not less than 20 mM
and not more than 50 mM, and  wherein when the reagent contains the aromatic organic acid at a
concentration of not less than 20 mM and less than 30 mM, the reagent has pH of not lower than 5.5
and not higher than 6.4, and when the reagent contains the aromatic organic acid at a concentration of

not less than 30 mM and not more than 50 mM, the reagent has pH of not lower than 5.5 and not
higher than 7.0 wherein when the reagent contains the aromatic organic acid at a

concentration of not less than 20 mM and less than 30 mM, the reagent
has pH of not lower than 5.5 and not higher than 6.4, and when the
reagent contains the aromatic organic acid at a concentration of not
less than 30 mM and not more than 50 mM, the reagent has pH of not

lower than 5.5 and not higher than 7.0.
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