PREPARATI ON AND STABI LI SATI ON OF CELL SUSPENSI ONS BACKGROUND OF THE
| NVENTI ON Thi s

_ I nvention relates to the preparation and st 1l i.sation
of cell susPEMEVHAS . and nore particularly to a novel met hod P
and’ stabilising cell suspensions, and to the use of novel stabilised cel

suspensi on

i nmunophenot ypi ng
systens and haemat ol

preparations in the quality control of analytical
t echni ques such as WV n1croscopy and flow cﬂtonetrlc | eucocyte

as zinc protoporphyrin (ZPP) red ceII folate and blood glucose
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UV 'm croscopy and flom/cytonetry are techni ques used in the
di agnosi s of haengj |

This invention relates to the preparation and
stabilisation of cell suspensions, and more particularly
to a novel. metl'_iod for preparing and stabilising cell

suspensions, and to the use of novel stabilised cell

_suspenéion preparations in the gquality control' of

analytical techniques such as UV microscopy and f£low

cy'_t:ometric leucocyte immunophenotyping techniques,

immobilised antigen/antibody detection systems and

fhaematology analysers, and blood monitoting technigues

such as zinc protoporphyrin (ZPP), red cell folate and

blood glucosé measurements.

UV microscopy and flow cytometry are techniques used

'in the diagnosis of haematological malignancies. They

are also used to monitor the progress of patients

infected with the Human Immunodeficiency Virus (HIV),

;whether asymptomatic or suffering from ARC or full-blown

A:Ds. Quality control (QC) of these two techniques is

extremely important to arrive at the correct diagnosis

‘and to monitor effective therapeutic regimes. The

current QC methods use freshly drawn blood or

" microspheres coated with a fluorochrohe.

~The use of fresh blood on a daily basis fails to
provide the information on day to day variation of the

technique or equipment. Furthermore, fluorochrome coated
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are also used to monitor the progress of patients 15 infected with the
Human | mmunodeficiency Virus (H V), whether asynptomatic or suffering from
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the flow cytometer ] performance cannot be used for UV
microscopy work. In addition, they-cannot be used to
provide quality control for the labelllng techniques of
leucocytes. '

Fixation of normal leucocytes, utilising compounds
such as paraformaldehyde, although giving stability for
5-7 days inéreases cellular autofluorescence. This makes
the preparation unsuitable for use as a long term quaiity
control material. Furthermore, the lysis of red cells by
the whole blood lysing technique requires a preparation

that will quality control this procedure. The current

methods of fixing the 1leucocytes inhibit this lysing

procedure resulting in a significant increase in debris
that interferes with the tests.

.Other QC equipment requiring'the use of whole blood
samples or blood products for calibration include

haematology analysers where currently fixed blood from

donkeys and turkeys is used because a suitable source of

stabilised human blood is ° not available. Zinc
protoporphyrin (ZPP) énd red cell folate monitoring
techniques also require a fresh suspension of red blood
cells for -calibration; again because a suitable

stabilised_source_is-not available. Finally the lack of

a stabilised source of whole human blood for calibration

purposes limits the possibility for diabetics to carry

ocut blood sugar monitoring at home.



m ¢r ospheres, though prOV|d|ng a day to day monitor of the flow cytonmeter’s
per f or mance be used for WY I n addi
‘cannot be uggg&gﬁ& Bt ovi de qual ity |[cHHISHE oA BEEN, elling ?b? ni ques of 5
1 eucocytes. Fixation of normal |eticocyt BEPLAPEPi si ngllconpounds such as
par af or mal dehyde, al though giving stabiTitygfor 5-7 days increases cellular
aut of l uorescence. This makes 't he preparatlon unsui table for use as a long
termquality 10 cont kgl 1heéShaelondlApBeiBRECON NS, P BsOh /082366 tise DY -
the whol e bl ood |ysing techni-que requires a preparation that will quality
control this proeatire dimclnsurentofiehddh ofs f incogpbratéduhergias by
inhibit this lysing procedure resulting in a significant increase in debris
15 that interferefexente; htsheretits described a blood diluent and lysing

agent for differential determination of ‘white blood cells

5 (leucocytes) in which the stabilising agent is

'diaZOiidinyl urea. Such'leucocyte preparations have not

| beeh suggested as flow cytomefric preparations possibly

bacause they have insufficient stability and lack certain

spec;fic antigenic.activity for those routine quality

10 control piocedﬁres which need to assess resu;ts from a
large_hﬁmber_of‘laboratories. _

Internatiohal 'Application No. PCT/USQZ/03758‘
discloses the use of diazolidinyl drea, imidazolidinyl
uméa, dimethylol-5, 5-dimethylhydantoin, dimethylol urea,

15 2-brom6-2-nitropropane-l, 3-diol and quaternary adamantane
as tissue fixatives which are free of aldehydes. The
fomulations may contain inter alia mordants such as
zinc, éalcium, barium and chromium salts. It_is not
suggested, however, that any of these salts have

20 sﬁabilising properties.

GB1563839 provides a. process fdr preparing a
stabilised preparation of erythrocytes, wherein a
suspension of erythroéytes in an aqueous isotonic
solution is reacted with, simultaneously or successively

25 in any seqguence, an aliphatic aldehyde and a water-
soluble salt of 2- or 3- valent chromium. In the

examples, the erythrocytes are treated with formaldehyde
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QG her QC equi pnent requiring the use of whol e bl ood sanpl es or bl ood
products for cali b' == agnat ol ogy -anal ysers. where currently
flxed g(glgd from H is used because a, W@source of ,
1) m’%d not avail abl e. I nc protoporphyrin
(ZPP) and red cel F oring techniques also require a fresh
suspensi on of red bIood cells for alibration, again because a
suitabl e stabilised source is not avdilable. Finally the lack of 25 .a

stabili secL (L#ﬁ%i&ro l‘tﬁﬁg’lﬂeh“%l@ :ﬁi %fooﬁagggégﬁgogogﬂggﬁéeé lim ts t he

p055|b|I|ty carry o ar noni
chromium Il chloride.

It has been found that cell suspensions containing
erythrocytes treated in this way are no longer suitable
5 for use in a whole blood lysing technique, and thus the
process of G81563'8.39 cannot be used to prepare stabilised
whole blood samples, for example, for _flow cytometry
quality control. |
_  GB2001757 describes a 'mefhod of preparing a .stahle_
10 suspension of blood platelets which comprises adding
chromium ions to a platelet-rich plasma and adding at
least one organic aldehyde to the chromium-platelet-rich
plasma mixture._ In the examples, the platelet-rich
plasma is treated with solutions of potassium d_:l.chromate
15 and glutaraldehyde. This process, if used on leucocyte
cells, substantially increases autocfluorescence and
renders the 'suspensioh unsuitable for use in flow
cytometry. | | |
The entire-disclosures of the above—mentioned patent
20 and applications are ihcorporated herein by refe_rence.
It will be appreciated from the above, that th_ere is
A need for an ixhproved method for stabilising cell
suspensions, particularly of whole blood ‘and blood
producfs, giving a cell preparation that is still capal:le_ |
25 of lysis, for a variety of cjuality control, monitoring
and calibration applications.
In UK Patent Application Nos. 9313962.4 and

9315871.5 it is disclosed that certain heavy metal

Thls Sheet Has Been R,
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3 I'n International Applicaiion No. WD91/17436, the entire disclosure of
which is incorporated herein by reference, there is describ

di | uent ahd”??@?ﬁﬂ3agent for differential deternination of é#iée E@ggﬁ'
cells 5 (leucocytes) in which the stabilising agent is diazolidinyl

urea. Such leucocyte preparations have not been suggested as flow
cytonetric preparations possibly because they have insufficient stability

and | ack certai ncéﬂ&ﬁxg ngéelalal gg%ﬁiffééVilkﬁfgz«g&;%g%%;%p[a%téi’&%squ%% 10

control procedure ( t0 assess resu arge nunber
| aboratories. |nkgeppat igaak ARRbiLeal b2BodD. HR2/4RSE1 Sisk! Os€sbilEsedise
of diazolidinyl -urea, imdazolidinyl urea, '
di met hyl ol - 5, 5- dpirepayabydast ean, be ciddid Woolleudbegte-depleted blood to
provide a stabilised whole blood preparation with high
5 aritigenic activity. The entire disclosures of these

'applications' are incorporated herein by reference.
QBJECTS OF THE INVENTION

10' It is an object of the invention to provide an
improved stabilised cell suspension preparation which is
still capable of lysis and | an- improved method for
produ_cing such stabilised cell suspensions.

.It is also an object of the invention to provide a

15 stabilised whole blood preparation which is still capable
of 1lysis and a method of manufacturing such a
ﬁreparation. ' _

It is a still further object of the invention tb
provide stable. quality control materials which can be

20 used in a wide spectrum of quality control, analysis and

- monitoring techniques.
SUMMARY OF THE INVENTION

25 It has now been discovered that a.wide range of cell
.suspensions comprising cells capable of 1lysis can be
stabilised by the seqguential addition of a heavy metal

compound and paraformaldehyde to the suspension in



15 bronp-2-nitropropane-1,3-diol and quaternary adamantane as tissue
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suspengipBshyddl remain active for much longer periods
than those known hitherto. | R -

In one aspect the invention proQides'a ﬁéthod of
treating a suspension of cells _capabié of 1}'3134 , to
produced a stabilised cell suspension stili.capahlé of
lysis, which comprises:

treating the cell suspension, in an aqueous medium
maintained at a pH of from 6.5 to 7.5, sequentially with,

1) an- éged agueous solution of a. heavy metal

compound, the pH of the solution being from 6.5
to 7.5, and the solution having been maintained
at a pH of from 6.5 to 7.5_f§r a'périod of time
sufficient to allow any precipitate to form,
and o y
2) an aqueous solution of paraformaldéhYde, the'pH
- of the solution being from 6.5 to 7}5.

The invention is partiéularly applicable to the
stabilisation of whole blood and of blood broducts and
will be henceforth more particularly described with
reference thereto. It is to be understood, however that
the invention is not limited to the stabilisation of such
materials, and is brcadly appiicable:to é widé range of

cell suspensions capable of lysis.

In a further aSpect, theféfbre, the invention'

provides an unseparated stabilised whole blood
preparation capable of lysis in which the stabilising

agent comprises effective amounts of a heavy metal



us_solution of chromumll|

I 1His wsens|ansegetl ai ni ngp, TiEposficH s

4 dnd gl utaral dehyde, followed by
chloride. | en found that c
treated in this way are no longer Buitaldepiadegy Useljn a vvho e

1ysing technique, and thus the proeess—ot=EBE563839-dhnnot be used to
prepare stabilised whol e bl ood sanples, for .exanple, for flow cytonetry
qual ity control. GB2001757 describes a nethod of preparing a stable 10
suspensi on of bl ceshpthwaid et pavRicllapIPr | S REAVYI et UNsaPes t Qnd
pl atel et-rich plasnma and addi-ng at | east one organi ¢ al dehyde to t he
chrom um pl at el etparaforsalsiehydect tared a Imethiod a:cﬁanptahilisimg a whole
platelet-rich

blood preparation capable of lysis by adding effective

amounts of the compound and paraformaldehyde thereto.
DETAILED DESCRIPTION OF THE INVENTION

In UK Patent Applications Nos. 9313962.4 and
9315871.5, 1eu'cocyte preparations séparate_d from lysed
10 whole blood are stabilised by the addition of a |
| stabilising agent, and then added back to leucocyte
depleted whole blood (red bloocl cells) to from a
stabilised whole blood preparation. The present
invention provides an alternative method for the
15 preparation of stabilised whole blood in which the lysing
and separating steps can be omitted. |
The inirention will now be particularly descfibed _
with reference to the manufacture of staoilised whole
blood preparations foi: use in laboratory quality conffol
20 procedures, although it will be appre'ciated that the
_invention is not limited thereto and that, for example,
the stabilised whole blood preparations may find other
uses, and that_ the stabilisation procedures described may
.fi'nd' application in tha manufacture of. stabilised cell
25 suspexisions from sources other than blood, for axample
lmic'.rol.:ial cells, plant cells and . similar mate_rials
derived from living tissue. |
[ —
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plasma is treated w th sol uti ons Of_Q‘Ot assium di chromate 15 and

gl utaral dehyde. T TESS -%#ﬂia on | eucocyte cells, substantially
| ncr eap@ sy | Ul € %§@§I§§§$' e the suspension ynsuitabl e for use in
ent it agHe

flow cytonetry. Th

0sl 5 of the above-ne

Bt ent 20 and

applications are incorporated herein by reference. It will be appreciated
fromthe above, that there is a needgfor -an inproved nethod for
~stabilising cell suspensions, particularly of whole blood and bl ood

gi vi ig thielspeuifiaaticn) shsispension lof epahsecapabiel ysis, for
a variety of quality control, nonitoring and calibration applications. In
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for example, whole human blood, in which specific cell
populations can be seiectively lysed using erythrocyte
1ysing reagents. Lysis comprises rupture of the cell
nembrane and leakage of the cell contents. Lysing
reagents and conditions suitable for the selective lysis
of the erythrocyte component of whole human blood
include, for example, treatment in aqueou solution with
an ammonium 'salt for example, ammonium chloride, or a
quaternary ammonium salt and urea, or a substituted urea,
or urea derivative, as described in . UK Patent
Applications Nos. 9313962.4 and 9315871.5.

Whole blood preparations in this specification
include preparations containing substantially all the
components ' of fresh blood,_and preparations containing
substantially'all the components of fresh blood other
han plasma. - :

The process by which the stabilisation'of the uhole
blood is achieved uses a series of stages incorporating
ihe addition of both organic and inorganic compounds.
The initial process of drawing a unit of blood is well
documented and can be any of those used by those employed
in the art - of venesection. - Anticoagulated blood is
preferably used, and several suitable anticoagulants are

commercially ' available. However, the use of a potassium

EDTA salt is preferred. \

- This Sheet HasB
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5 &onpounds can stabilise ]eucocyte preparations forned from |ysed whole
blood, and that such stabilised preparatlons can be added to
| eycocyt e- dWe 282323bl ood to provide a stabilised whole bl 00dPEFERRYURO0n

'with high 5 antigenic activity. The entire disclosures of these

applications are incorporated herein by reference. OBJECTS OF THE | NVENTI ON
10 It is an object of the invention t9 provide an inproved stabilised
cell suspension preparation which is still capable of IyS|s and an |nproved

met hod for produci ng SeRPEAcass pfegteblilizingdhg yhole blood sample 1

_usually performed within 24 hours of venesection but is
 preferably performed within 2 hours.
| The fresh whole blood, containing an anticoagulant,
5 is first centrifuged, 'and the plasma removed‘ and
retained. |
The remaining cells are washed and then treated with
.an aged aqueous solution of a heavy metal compound, and
particularly a heavy metal salt. Suitable.heavy.metals
10 are those with compleging‘properties and having an atomic:
weight greater than 20, for example, aluminium, and
transition metals such as chromium and manganese.
Suitable metal compounds include inorganic acid salts,
_and_particularly chlorides.
15 Particularly good resulte have been obtained ueing
chromium compounds, _such as, for example, chromic
' salts, for example,_chromic'chloride CrCl,, and aluminium
compounds, for example alumioium chloride AlCl,.
The heavy metal compound can be dissolved in the
20 appropriate concentration in an agqueous solution which is
bufrered to a pH of 6.5 to 7.5, preferably 6.7 to 7.4,
more preferaply'around 7.2, and aged for a period of time
sufficient to allow any precipitate to form. Suitable
buffered aqueous solutions include, for example,
25 phosphate buffered saline solutions.
| Preferably, however, the heavy metal compound is
stored as a relatively concentrated solution, for

example, as a 1% w/v solution and is diluted to the



It is also an object of the invention to provide a 15 stabilised whol e

bl ood preparation which is still capable of lysis and a nethod of

manuf | such a preparation. It is a still furtheI;W' ﬁﬁs@f: t he .
inveﬁ?ﬁéﬁ&?@gprovide stable quality control materials I ch can be 20 used
in a wide spectrumof quality control
SUMVARY OF THE | NVENTI ON 25 I't jips now been di scovered that a w de

range of cell suspensions conprising cells capable of lysis can be

stabi | i sedqys+88 eefdeRtratiaddLever RitR BRANYPPBLAL ate BGEESLENT

par af or nal dehyde to the suspension in
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buffer solution before use. With'tﬁe'pteferred_heavy-
metal compounds, it is found that the concentrated
solutions are stable, but that on diiufidn 1"§recipitate
may fofm as'the pH rises. Sufficient time Should be
allowed for the solution to age and preciﬁit_a’tidn to
occur before the solution is used.

The diluted aqueous solution of the'heavy metal
compound is therefore allowed to stand,'preferably fof at
least one week, more pfeferably from'ome-éeek to one.
month, before use. The reason why'the.pé:formance of the
solution improves with standing is not understood, butl
may be due to the formation of hydrated'metéi hydroxy |
jonic species in the solution. It has been observed with
some buffered solutions of chromium compbuﬁds, for
example, that the freshly made solutions change from
green to purple over a 24 hour period, indicating the
presence of charged complex ions, togéther' with the
formation of a precipitate which may be a chromium
hydroxy polymeric species. This is preferably filtered
off from the solution before use. The formation of a
precipitate will, of course, lower the concenfration of
heavy metal ions in the solution, and if this should
occur, an analysis of the soiution should@ be carried out
to defermine whether the-concentration.of the'héavf'metal
compound is still within the preferred range.

The:aged solution of heavy metal compOund'retains

its effectiveness over considerable ﬁeriods of time, but

anal ysis and nonitoring techni ques.



6 effective anounts, and that such stabilised cel | suspensions wll remain
active for much | onger periods than those known hitherto. In one aspect the
i nvention pr&¥@i%8@E08 nethod of 5 treating a suspension of cRFHERSEIP e of

lysis, to produced a stabilised cell suspension still capable of lysis,
whi ch conprises: treating the cell suspension, in an aqueous nedi um
mai ntained at a pH of from6.5 to 7.5, sequdhtially with, 10 1) an

aged aqueous sol ution of a heavy tal coppound, the pH of the sol ution
being from 6.5 tot%. sPTERETER .soﬁ??ﬁff?%ei HoE et raitfiifed and o BaFesf

from6.5 to 7.5 QL. 2.pehi 9% Plet | donths.

The aqueous solution of the heavy metal compound is
preferab_ly ad_ded to tae whole blood pre_paration as an

5 isotonic solution in which the optimum £inal
concentration of the heavy metal c_émpound is preferably

| less than 1% w/\}, more pref.erably from 0.005% to 0.75%
w/v, still more preferably 0.01% to 0.5% w/v and m_ost'
preferably from 0.05% to 0.25% w/v, for example, 0.1%

10 w/v. The pH of the aqueous solution is preferably from
6.5 to 7.5, preferably 6.7 to 7.4, before addition. The
who:_l.e blood preparation is preferably exposed - to the
heavy metal compound for an incubation period of frdm 5
minutes to 18 hours, | for example, about 60 minutes.

15 ' Tt_ae incubation ﬁemp_erature is preferably from 0°C to
8°C, more preferably from 2°C to 6°C, for example about
a°c. - |

After the first incubation period, the whole blood
is treated with an aqueous solution of paraformaldehyde,

20 which can, for .example, be at a preferred final
concentration of up to 1% w/v, preferablyl from 0.1% to
0.5.% w/v, for example 0.35% w/v.' When making up the
pafaformaldehyde solution it is preferable i:o keep the
temperature below 60°C, more preferably below 50°C, in

25 order to a‘}oid the reversion | of pa_raformaldehyde to
‘formaldehyde and evolution of formic acid. The age of
the paraformaldehyd__e solution has also been found to be

important, and it is preferably greater than one week
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sufficient to allow'any precipitate to form 15. and 2) an
aqueous sol ution of parafornal dehyde, the pH of the solution being from6.5

to 7.5, The invention is particularly applicable to th iligsation of
whol eV9%B8%3nd of bl ood products and 20 will be hencg?'?!&?%m# |

particularly described with reference thereto. It is to be understood,
however that the invention is not lipted to the stabilisation of such
mat eri al s, and is broadly applicable To a wi de range of cell suspensi ons

capabl e ofyj az-.a?r'?o older | £hén I)HétHSKthaSp?)I Segr&aﬂ mge}-xﬁr %1b dexr’ d

i nvention prow unsepar at ed st abi
prepar at i cghdr AR Q,e@kg,ySI s in which the st abi li sing agent conprises

effective anounts of a heavy netal
In a preferred aspect of the :.nvention, it has been
fornd that very good results are obtained by mixing the
5 paraformaldehyde, preferably in aqueo_us soluti‘on, with an
aged aqueous solution of a heavy metal cordpound. |
The aged acjuedus ‘solution of a heavy metal co_mpound
may be any of those previously described, and ‘the metal
compound may be present in the mixed solution in an
10 amount of from 0.01% to 0.5% w/v. Preferably the ratio
of heavy metal compound to paraformaldehyde in the
solution is in the range of fro:;l 5:1 to‘ 1:50, for
example, around 1:3.5. _
Preferably the aqueous' paraformaldehyde seiut:l.on has
15 a pH of from 6.5 to 7.5, more preferably 6.7 .to 7.4, and
may comprise a suitable isotonic buffer. A preferred
solution can be, for example, a 0.85% phosphate buffered
saline solution. | |
A preferred mixed paraformaldehyde/heavy metal
20 compourxd solution cen be made, for example, by mix.ing a
0.7% w/v solution of paraformaldehyde with an equal
volume of a 0.2% w/v solution of the heavy metal
' compound. |
Exposure to the paraformaldehyde or mixed soiution
25 is preferably from 6 hours to 24 hours at a temperature
range of from O to 8°C, preferably from 2 to 6°C, for

example, about 4°C.



7 conpound, particularly a heavy netal salt, and parafornmal dehyde,
and a nethod of stabilising a whole blood preparation capable of |ysis by
addi,ng ef f eCVPI2B/Bunt s of the conpound and paraf or mal dehyd PAHRIPESI 5
DETAI LED DESCRI PTI ON OF THE I NVENTION I n UK Patent Application No.
GB2279653, | eucocyte preparations separated_from|ysed whol e bl ood are 10
stabilised by the addition of a stabilisinglagent, and then added back to

| eucocyt e depleted whapyg, 0 i e BheSe £ dedthent LAk ebns 'Agels® e

' 1) and 2) .is preferably at least 36 minutes, more
preferably at least one hour; still more preferably at
least 12 hours, fo: example 24 hours.

5 After washing in isotonic phosphate buffered saline
solution the piasma, if previously removed, can be added
back to the stabilised whole blood preparation. This
p;asma dan, but need not necessarily be, that obtained
from the original donation. Bacterial growth inhibitors

10 and antibiotics for example gentamycin are preferably
also added.to the final preparation. The preparation is
_ then ré‘t_:ained _atl between 0°C and 8°C for from 1 to 5 days
béfore use.
| All the_above procedures are preferably carried out
15 under sterile - conditions and preferably "the entire
| procedure is carried out in the venesection pack in which
the donated blood is collected. |
In the commercial manufécture of a stabilised whole
blood preparation according to the invention, it is
20 possible and may be preferable to pool a ndmber of units
~ of donated blood from different sources and to stabilise
the resultant pool.
In another aspect of the invention, it is possible
to add further cell lines to the whole blood preparation,
25 either before 6r after the stabilisation of the whole
blood préparation. For example, it is possible to add
additional CD34+ cells in the form of cell line KGl or as
human umbiiical cord blood (which is rich in CD34+ cells)



| preparation. The present invention provides an alternative method ’
for the preparation of stabilised 15 whole blood in which the |lysing and

separ %0 ys736xps can be onitted. The invention wll

NoWchppgébsscul arly

described with reference to the nmanufacture of stabilised whol e bl ood
preparations for use in |aboratory quality control 20 procedures,

it wll be appreciated that the invenigon is not

for exanple, the stabilised whole blood preparations may find ot her uses,

al t hough

l[imted thereto and that,

and that tHhe sioxnali seiolen hpkaokdes esrohesds | Hequabytyi 88neBELi eaki on in the
e of stabilised cell 25 suspensions from sources other than
CO34tprelli peaspEementss, plant cells and sinmlar materials

manuf act ur
bl ood, for
derived fr
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On"i¥u33é4é§¥fisaticn'process can be applied to both
normal  and leukaemic .cells providin;' a k#own' normal
control and,an'abnormal'(leukaemic) control. It has‘beén'
found that with normal cells, using chromium'éhloride as
the hetal compound usually pro§ides'the best results.
However wifh leukaemic cells, aluminium éhlofide often

gives the best results.

The invention provides a method of Stabilising whole

human blood preparations without the necessity to lyse
the red blood cells (erythrocytes) and stabilise the
leucocytes separately. |
The stabilised whole blood preparations of the
invention, can provide an excellent .stablé quaiify
control and reference material, which can be used in
leucocyte immunophenotyping by both UV nﬂcmoscopy and
flow cytometry. 'l‘h_é prebaratio'n is of iralﬁe in the
gquality contfol of the whole blood 1ysing procedure
without any excess contamination from debris.  The
stabilised sample can comprise all of the  normal
peripheral blood leucocytes (granuldcytes, monocytes and
lymphocytes) or subsets thereof. The ptocedure Can,
under optimum conditions, retain the leucocyte'éntigenic
profiles ensuring phendtyping and quality control of thé
procedure. The values for the common"éntigenic
determinants can be determined and can be stable for more

than 300 days. The investigator can also successfully



8 In this specification, a suspension of cells capable of lysis is defined
as: a suspension of cells, such as, for exanple, whole human bl ood, in '
whi ch speci fW@ 9887203 popul ati ons can be selectively |ysed usi RFEERMSIBRyte
5 lysing reagents. Lysis conmprises rupture of the cell nmenbrane and

| eakage of the cell contents. Lysing reagents and conditions suitable
for the selective lysis of the erythrocyte &@8nponent of whol e human bl ood

i nclude, for exanple, treatnent in aqueous solution with 10 an anmmoni um

salt, for exanpl edeELF@NMARUER ofPHe aNFiGENA atbRlarfRYmiehi 9f STRQCIHF

r i tL '
urea, or a subst EH%SQe& ?a’Furthermore, the preparation can be used to

qualitj control the differential obtained from the flow
cytomater. This is a parameter thaf is used for the

5 monitoring of anti-viral therapy in HIV infected
individuals.

New methods for phenotyping blood specimens are
being developed which do not require the sample to be
treated with a 1lysing agent after staining. These

10 techniques are termed no-wash, no—lyse, The whole blood
preparatiqns of this invention can be used to provide
qua;ity control for these techniques and cah also be used
on flow cytometers that analyse no-wash, no-lyse
procedures. '

15 In general the stabilised whole blood preparations
éf the invention can be used in quality control of UV
microscopy and flow cytometric immunophenotyping
techniques, both of the whole blood lysis and whole blodd.
non-lysis techniqués.'

20 Investigations with preferred embodiments of the
_stabilised'whple blood preparations of the invention show
that they are also suitable for use in immunocytochemical
'analysis usihg techniqﬁes such as the alkaline -
phospha;ase anti-alkaline phosphatase immunocytochemical

25 technique (APAAP) and can for example be used to
determine the antigenic profile of leucocytes on
pefipheral blood“smears. They can be used as a day to

day'reference materials or in external (inter-laborato:y)



or urea derivative, as described in UK Patent “Application No. GB2279653.
Whol e bl ood preparations in this specification 15 include preparations

cont aj ni bstantially all the conponents of fresh EBEP
prepgb ﬁggﬁéﬂcontaining substantially all the conponeﬁ%s 0 _?th bl ood
ot her than plasma. The process by which the stabilisation of the whole 20-

bl ood is achieved uses a series of stages I ncorporating the addition of
bot h organi ¢ and i norgani ¢ conpounds.” The initial process of drawing a unit

of bl ood i gu¥eltydosHeRsE €d MiikiGA AmedR e%ﬁ) ggsggaggﬁn%vg enpl oyed

in the art "of venesecti on. Ant i coagul at ed ) preferably used,
and sever ahgng@uithehl etaiedCc @agH2DICSuAtLl CABBE! Cirhle \enidédis ajdre.bdlovever,

the use of a potassium _ ' _
stained on a daily basis, or used as controls when
_staining other smears. .

5 The stabilised whole blood preparations of the
invention may also find application as standard reference
materials for use in enzyme linked immunosorbent assay
techniques (ELISA) and in immunoradiometric assay
techniques.

10 Further uses of the stabilised whole blood
preparations of the -iﬁvention in the 'léboratory' may
include as a quality control and éalibrént for
haematology analysers, as a quality control material for
monitoring iron deficiency by the_iinc protoporthrin

15 technique (ZPP), and as a quality control material in the
red cell folate technique. Finally, on a broader basis,
the stabilised whole blood preparationé of the invention
may find application in the quality cbntrol of biood
glucose level tests, thereby enablihg'diabetic'patients

20 to carry out this technique in their own homes.

The invention is illustrated by <the following

Examples:

EXAMPLE 1
25
A stabilised whole blood preparafidq is made up as
described below and its'ageing Chéracterisﬁics compared

with a similar untreated whole blood sample.



EDTA salt is preferred. 9 The- process of stabilising the whole bl ood
sanple is usual%¥qggrforned within 24 hours of venesection b

(I
preferably H%?? I within 2 hours. The fresh whol e bl ood, 3’6?(‘3??!?%39 an
'ant’i coagulant, 5 is first centrifuged, and the plasma renoved and

retained. The remaining cells are washed and7then treated with an aged

aqueous solution of a heavy netal conpound}'and particularly a heavy netal

salt. Suitable h 10 are those with conpl exing properties and
 NeALha¥alk3bn
havi ng an atom c N : -

1. Venesect a unit of 500ml of blood into a sterile
venesection pack : confainihg 600mg of
5 ethylenediaminetetraacetic acid (disodium or tri
potassium salt) dissolved in 50ml of phosphate
buffered saline solution (PBS).
2. Centrifuge the unit at 800g for 1 hour. Rémbve and
retain the plasma. _
10 3. Wash. the. remaining cells twice with sterile
| phosphate buffered saline solution (PBS)
4. Remove the supernatant PBS.
5. Add 300ml of filtered 0.1% aged (> 1 month) Chromium
Chldride hexahydrate (pH 6.7) in PBS and incubate
15 | for 1 hour in the dark at 4°C mixing occasionally.
6. Centrifuge for 45 minutes at 800g and decant
supernatant. |
7; Resuspend in 300ml aged (>1 month) and filtered 0.1%
Chromium .Chloride hexahydrate pH 6.7 in 0.35%
- 20 - paraformaldehyde in PBS. Incubate at 4°C in the
 dark for 16 - 22 hours. |
8. antrifuge at 800g for 45 minutes and decant
supernatant. .
9. Wash twice by centrifuging at 800g with PBS. Decant
25 '~ final supernatant. _ | _
| 10. Resuspend the stabilised who;e blopd in the plasma
-detailed in step 2. Add broad range antibiotics

such as gentamycin, cipfofloxacin.



wei ght greater than 20, for exanple, alumini.um and transition nmetals such’
as chrom um and manganese. Suitabl e netal conpounds include inorganic acid

salts nd particularly chlorides. 15 Parti cul ar sul ts have,
S5t e rnfifaon:

been usi ng chrom um conpounds, such as, for exanp romc
salts, for exanmple, chromc chloride Crd 3, and al um ni um conpounds, for
exanpl e alum niumchloride [err]. Thggeavy nmetal conmpound can be dissol ved
in the 20 appropriate concentration’in an aqueous solution which is

buffered tgza pH1gtebad hoc7sdr Preferad)y dhtil Qsk.4, nore preferably
around 7.2, and aged for a period of tinme sufficient to allow any

precipitate to form Suitable buffered aqueous solutions include, for
exanpl e, 25 phosphate buffered saline solutions.

5 7.83g/1.Sodium Chloride
0.36g/1 disodium EDTA
0.28g/1 Potassium Chloride
0.26 g/1 Potassium dihydrégen phosphate'(monébasic)
2.35g/1 disodium hydrogen phosphate (dibasic)-

10 The comparativé results are iilustrafed in the
accompanying Drawings in whiqh:'

Figure 1 shows the flow cytomeffic char#cteristics
of "fresh" bloodléfter sfaining'fo: thé antigens CD3,
CD4, CD8, and CD20. The stainihg was carried out

15 employing the whole blood lysis téchnique' and the
positive leVels”related'to the negéfive controls (a)
Forward & side scatter (FSC & SSC) chafacteristics, (b)
CD3 PE & CD20 FITC, (c) CD3 FITC & CD4 PE, (d) CD3 FITC
& CD8 PE. ' |

20 | Figure 2 shows the effect of égeing.oﬁ'the flow
cytometric FSC, and SSC of “fresh";unstabiiised blood
over a period of 8.days (a)'Day 1,.(b).Day 2'(c) Day 3,
(d) Day 8. | _

' Figures 3a and 3b éhbw_the effect of ageing on the

25 expression of the antigens describéd in:Figure b, c & d
over a 10 day period 3a.(i).(ii) (iii) Day 1; and 3b (i)
(ii) (iii) pay 10. o



Preferably, however, the heavy netg ind |s stored as .a relatively
concentrated solution, for exa jjution and i s dil uted
to the 10M@@S§RT268 concentratio opri at e PAGHFFIROI2BYUf f er
olution before use. Wth the pr 4 ‘conpounds, it is found
hat the concentrated solutions are stable but that on dilution a
precipitate 5 may formas the pH rises. Su$$|C|ent time should be all owed

for the solution to a&. reC|p|tat|on to_occur before the solution.is
used. The dil uted aqudcig¥ tseél a8i 8Rd ofb ishovh dhey shabdi ity of FSC, SSC and

the negative control characteristics, as determined by

flow cytometry, upon the stabilised whole blood
preparation over a period of 60 daYs,'4a day 3, 4b.day
5  60.

Figures 5a and Sb show the stability of the antigens

CD3, Cb4, CcD8, ¢D19, and CD16 + CD56, as measured by flow

cytomefry, over a.57 day period 5a Day 3, 5b Day 60.
Figure 6 shows the effect of storage on the flow
10 cytometric leucocyte differgntial on "fresh" blood over
a period of 8 days. Further analysis after day 8 was not
'péssible due to marked deterioration of the sample.
Analysis used a FACScan flow cytqmeter,

Figure 7 shows the stability of the flow cytometric
15 différential of the stabilised blood preparation over a
.25 day period. Analysis used a FACScan flow cytometer.

Figure 8 shows the stability in zinc protoporphyrin

(ZPP) level in a sample of the stabilised whole blood
preparation over a period of 36 days measured in umoles
§ 20 Z?P/mdle of haemoglobin.

_ Figure 9 shows the stability of the total white cell
count and total lymphocyte count over a 117 day period
for a sample of the stabilised whole blood preparations
measured ﬁsing a Toa (Sysmex) NE8S8000 haematology

25 analyser.
Finally,.Figure 10 shows the measurement of red cell

folate for samples of the stabilised whole blood

This Sheet Has Been R
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conpound is therefore allowed to stand, preferably for at 10 |east one:
preferably from-one week to one nonth, before use. The reason

week, nore

why t erformance of the solution inproves with standing is not i
d Qf%%c’f‘ Cﬁ&f’%ﬁm droxy ionic

the solution. It has been observed with 15 sonme buffered

under
species in
sol uti ons

presence o

7203t may be due to the formation of hydratea

of chromum conpounds, for exanple, that the freshly made
sol uti ons change fromgreen to purM(?QNer a 24 hour period, indicating the

SRAERETof BB ekl a0 Wittt L & pBlrdey i i

ions in

precipitat ( _ _
preferablypkiribared off fromthe solution before use. The formation of a
precipitate will, of course, |ower the concentration of heavy netal

the sol uti

10

15

20

25

on, amHei flbli Tytomeltitic profile in Figure 1 shows the
normal position of the lymphocyfés;_ monocytes and
granulocytes after lysis of the red cells.. The antigen
staining characteriétics are also shown in Figure 1b, c,
d, & e. As the sample increases with age (Figure 2) the
flow cytometric and antigen expressidn characteristics
alter. At day 8 the amount of debris makes the analysis
unsatisfactory. | .'The fluoreédence | labelling
characteristics have also deteriorated as shown by Figﬁre
a. _ ..

Figure 4 displays the forward and side séétter
characteristics'together with the negative control of the
stabilised sample at day 3 and day 60. The individual
populations are retained in their respectivé positions
imm.ediately post stabilisation. After 60 days
preservation the forward and side scatfer flow cytometric
characteristics remain intact (Figuré 4b). 1In addifion
the antigen expression characteristics remain unaltered
over .this period (Figure 5). The same machine seti:ing
were retained throughout. |

The stabilised blood preparation can be _ used to
monitor the leucocyte diffe:ential.. Using a spécific
combiﬁation qf antibodies directed against the CD14 and
CD45 antigens a three-population differehtial can be
generated. Figure 7 ' shows the stability of this

parameter over 25 days, whereas Figure 6 shows the



occur, an analysis of the sol ution should be carried out 25 to deternine

whet her the concentration of the heavy netal conpound is sti I | wt r,h ??t he
preferred r WQM272e aged sol ution of heavy netal conpound r8
ef fecti veness over consi derable periods of tine, but 11 is pr ef erably

di scarded after 12 nonths and nore preferably after 6 nonths. The
aqueous solution of the heavy net al corrpoun%ilis preferably added to the

sl e o000 b EP Y A2 b My Hele Fhssrh Tore e 8 BFY
' period. Analysis of the latter after this time was
aborted due to coritamin’a_ti’on with excessive debris.
As =nown in Figure 8, ZPP levels in the stabilised
5 whole blood preparation remain substantially constant,
| with only a very slight increase after 36 days.
Similarly, as _shown in figure 9, the total wh:l.té cell.
count_ and total 1lymphocyte count are also scarcely
affected by time over a 117 day pericd.
10 Figure 10 shows the very substantial improvement
obtained in the stability of red cell folate using a
stabilised whole blood preparation according _to _the

invention.

15
EXAMPLE 2

A stabilised whole blood preparation is made up as
described in Exéniple 1, except that the ;r_eact:l.ons with
20 chromium chloride hexahydrate and with the mixtu:":e of
chromium chloridé héxahydrate _and paraformaldehyde are
cafried oui: in phosphate buffered saline solution at a pH

of 7.2. _
Figure 11 shows the stability of the FSC, SSC
25 (Figure - 116) and | negative control (Figure 1lb)
| charactefistids, as determined by flow cytometry upon the
stabilised whole blood preparation, at 11 days post

stabilisation.



|l ess than 1% w v, nore preferably from0.005%to 0.75% w v, still nore
preferably 0.01%to 0.5% w v and nost preferably fromO0.05%to 0.25% w v,

for exa 0.1% 10 wv. The pH of the aqueous sol ufj ' eferably
fromwogp 7703 %.5, preferably 6.7 to 7.4, before additi%&wl%ol e bl ood
preparation is preferably exposed to the heavy netal conpound for an.

i ncubation period of from5 m nutes 'g 18 hours, for exanple, about 60
m nutes. 15 The incubation ten% rature is preferably from[err] to

- A
[err], nore preggg @Péylérggy[er(i,]) Laal /il ’SM'%‘?W [gEr]. After

the first incubatTon peri t he “whol e bl oo . “an aqueous
sol ution oth@asstogems dey, decpL0 cpd)i ehd CONY abOheaSiid8® By £y at a

preferred final concentration of up to 1% wyv, preferably fromO0.1%to
cytometry at 11 days post stabilisation.
' Figure 13 (a) and (b) shows the stability of the
5 FsC, SSC and negative control characteristics as
determined by fiow cytometry, upoﬁ the stabilised whole
blood preparation, at 29 days postistabiiisation.
Figure 14 (a), (b) and (c) shows the stability of
the antigens CD3, CD4, CDS8 and CD19 as measured by flow

10 cytometry at 29 days post stabilisation.
EXAMPLE 3

A stabilised whole blood preparaticn is made up as

15 described in Example 1, except that aluminium chloride
hexahydrate is substituted for the chromium chloride
hexshydrate, and the reactions with the aluminium
chloride and the mixture of alumicium chloride and
paraformaldehyde are carried out at pﬁ 7.2. -

20 Figure 15 (a) and (b) shows theIStability of FSC,
SSC and negative control characteristics, as determined
by flow cytometry upon the stabilised whole blood
preparation at 11 days post stabilisation. R

Figure 16 (a), (b) and (c) show the stability of the

25 antigens CD3 cb4, CDB and CDl19 as measured by flow

cytometry at 11 days pcst stabilisation. '
Figure 17 (a) and (b) shows the stabili_tjr of FSC,

SSC and negative control characteristics as determined by



0.5% w v, for exanple 0.35% w v. When meki ng up the paraforml dehyde
solution it is preferable to keep the tenperature below 60 C, nore
preferably welosererr], in 25 order to avoid the reversi on R§I/EPISR1259

par af or mal dehyde to fornal dehyde and evol ution of fornmic acid. The age of

t he par af or mal dehyde sol ution has al so been found to be inportant, and it
Is preferably greater than one week 12 @Bd, and no ol der than one nonth,
preferably no ol der than two weeks. In a preferred aspect of the invention,

it has been founfillewat CY&OPeFsyd reRMt s thee obtahiieFes) nPhehg ¢ hdood
s preparation ai: 29 days post stabilisation.

_ Figure 18 (a), (b) and (c) sh_ow_s the stability of
the antigens CD3, CD4, CD8 and CD19 as determined by flow

5 'cjrtometry_ at 29 days pdst ..stabilisation.

The results show véry good stabilisation of the
whole blood preparation, with very little debris even
after 29_ days and good retention | of antigenic
characteristics. .

10 The reader's attention is directed to all papérs and
documenfs which ~are filed concurrently with this
specificatiori and which are open to public inspection

- with this specification, and the contents of all such
papers and documents are incorporated herein by

15 reference. _

All the features disqlosed in this specification
(including any accompanying claims, abstract and
drawings), and/or all of the steps or any method or
process so disclosed, may be combined in any combination,

20 except combinations where at least some of sﬁch features
‘and/or steps are mutually exclusive.

Each feature disqlosed in this . specification
(including any accompanying claims, abstract and
drawings), may be replaced by alternative features

25 serving the same, equivalent or similar purpose, unless
éxpressly sta_ted otherwise. ‘Thus, unless expressly

stated otherwise, each feature disclosed is one example



5 par af or nal dehyde, preferably in agueous solution, with an aged aqueous
solution of a heavy netal conpound. The aged aqueous sol ution of a heavy

met al _conpound nay be any of those previously describe nmet a
HRoRE i

conpo e present in the mxed solution in an 10 fromO0.01%
to 0.5%wv. Preferably the ratio of heavy netal conpound to

par af or mal dehyde in the solution is ig the range of fromb5:1 to 1:50, for
exanpl e, around 1:3.5. Preferably the ﬁqueous par af or mal dehyde sol uti on has

sui tabl o i B 8 by Fenerdl! BLEL B Vedufvbiade, of BRI 127 7

0. 85% phosphadtqidud fered saline solution. A preferred m xed
par af or mal dehyde/ heavy net al '

‘The invention is not restricted to the details of

the foregoing emhodimenf(s)._ This in&éhtidn extends to

5 any novel one, Or any novel combination, of the features

disclosed' in this specification (iﬁciuding any

accompanying claims, absfract and dfawings); or to any

novel one, or ény'nbvel combination,'of the steps of any
method or process so disclosed. |

10



20 éorrpound sol ution can 'bé made, for exanple, I by m']>c<i ngoazoo/. Zv;%w/v ut
sol ution of r | dehyde with an equal volune of a ow Vv__sol ution
of the heavy&ﬁeﬁé?{oganpound Exposure to the paraf or mal dehydeP 4259
solution 25 is preferably from6 hours to 24 hours at a tenperature range

of fromO to [err], preferably from2 to [elrz'%]e, for exanpte,—about—fer+r}—

13 The interval between the sequential trea nt stages 1

preferably at |east 30 m.nut es. nor e prefﬁdﬁﬁky at 'eaStmﬁW”ﬂﬂ’m”mﬂfm

nore preferably at

1. A method of treating a suspensior_i ‘of cells capable
5 of lysis, to produoed a stabilised cell suspension
still capable of lysis, which comprise:
treating the cell suspension, in an aqueous
medium maintained at a pH of from 6.5 to 7.5,
sequentially with,

10' | 1) an aged aqueous solution of a heavy- metal
compound, the pH of the solution being
from 6.5 to 7.5, and the solution having
been maintained at a pH of from 6.5 to 7..5
for a period of time sufficient to allow

15 _ any precipitate to be formed, and |

_ 2) an aqueous solution of paraformaldehyde,
the pH of the solution being from 6.5 to
7.5. |

20 2. A method according to claim 1, in whioh the cell

suspensi_on is a whole blood preparation.

3. A method according to claim' 1l or 2, in which the
heavy metal is aluminium or a transition metal.
25
4. A method according to any of the preceding claims,

in which the heavy: metal compound is a metal salt.



| east 12 hours, for exanpre 24 hours, 5 After washing in isotonic
phosphat e buffere_dmﬂmmﬁ & | the plasma, if previously renoved, can
be added back to t Lm mj\}ml e bl ood prepar ati% .56 Pl @asma can,
but NERISABP3 necessarity DE,n > m%mg%g

bt ai ned fromthe origina nati on.
Bacterial growth inhibitors 10 and anti biotics for exanple gentanycin are
preferably also added to the final prgparation. The preparation is then

_retained at between [err] and [err] for from1l to 5 days before use. Al

the above groceglUpgehsacaBt8t@LAY! Yol @1ifd 4QUlinl JHARGE eI Ghét& conditions
and preferably the entire procedure is carried out in the venesection pack

in which the dogsaledidl clerbmic cchlariidel. | n the comercial manufacture of a
stabili sed whol e "
6. A methi:d according to claim 4, in which the metal

5 salt is 'aluminum chloride.

7. A method according to any of the preceding claims,
~in which the aqueous solution of a héavy metal
compound has a pH of from .6.7 to 7.4. |
10 |
8. A method according to any of the preceding claims,
in which the hea\}y métai 'compdund is stored as a
relatively concentrated solution and is diluted with
an aqueous buffer solution before use.
15 o
9. A method according to any of the prededing clainms,
in which the aqueous s.oluti.on of a heavy metal
compound is aged by being aliowed to stand for at

least one week before use.

10. A method according to any of the preceding claims,
in which thé aqueous solution of the heavy metal
compound is added to the cell suspension as a 0.01%
to 0.5% w/v solution.

25

11. A method écé:prding to ény 0of the preceding claims,
in which the cells are exposed to the aqueous

solution of the heavy metal compound for a period of



A

bl ood preparation accor to the I nvention. Lt _is possi bl e and may be
preferable to pool a n B depatrethdberd |f rom di fferent

our ces and WO 95298 | | m”‘ ,‘)qqépl_mnzmnot hgl aspecRCHEPISHE2S?
nvention, it is possible to add‘fdrther:ce:f Hres—to" t he ‘whol e bl ood
preparation 25 either before or after the stabilisation of the whole bl ood
preparation. For exanple it is possible to23dd additional CD34+ cells in

the formof cell |ine or as human unbilical cord bl ood (which |s rich
in CD34+ cells) 14 f5°'no R YRR é:%ll@o&%spPBVPdEe‘aP Yuxs b fxan
for

0°C to 8°C.

12. A method according to any of the{preceding élaims,
5 in which the paraformaldehyde'is added as a 0.1% to

0.5% w/v aqueous solution.

13. A mefhod according to any of the preceding claims,
in which the aqueous paraformaldehyde solution has

10 a pH of from 6.7 to 7.4.

14. A method according_to any of the preceding claims,
in which the aqueous paraformaldehyde solution is
mixed.with aﬁ aged aqueous solution of a heavy metal

15 éompound having a pH in the range of from 6.5 to

7.5.

15. A method according to Claim 14, in which the ratio
of heavy metal compouﬂd to paraformaldehyde is in

20 the range of from 5:1 to 1:50.

16. A method according to any of the preceding claims,
in which the exposure of the cell suspension to the
paraformaldehyde solution or mixed solution is from

25 6 to 24 hours at a temperature of from 0°C to 8°C.

17. A method according to any of the preceding claims,

in which steps 1) and 2) are carried out

' This Sheet Has Been R
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CD34+ cel | measurements. The stabilization process can be applied to both ’
normal and | eukaem c cells providing a.known nor nal control and an
abnormal (Il eukaem c s* been found that cell's,

usi ng“OPEHR%m chl O}‘lﬁmum“u“m; un conpound usual |y W?%@é%he best
results. However with | &ukaem c *cel’l' s, al um nium chloride often gives the
best results. 10 The |nvent|on2% rovides a nmethod of stabilising whole
human bl ood preparations w thout the ecessity to lyse the red blood cells
(prythrocytes) gadushBPhlisthd I thRlCORKLESAT PR A ¥ pR0E S0°81 |1 Sed

whol e bl ood preparati ons o I'nventi on, can provi an excel | ent
stable quality ggatsol and reference material, mhlch can be used in

18. A method according to any of the preceding claims,
5 in which a further cell line is added to a whole
blood preparation, either before or after the

stabilisation of the whole blood preparation.

19. A method according to Claim 18, in ﬁhich the cell

10 line compfises CD34+ cells.

20. A method'according to any of the preceding claims

substantially as déscribed in Ekample.l.

15 21. A method according to any of Claims 1 to 19,

substantially as described in Examples 2 and 3.

22. A method according to:any of the preceding claiﬁs
substantially as hereinbefore described.
20
23. A method according to claim 2, in which the whole
blood preparation hés been obtained by pooling

samples from different blood donations.

25 24. A stabilised cell suspension prepared by'a method

according to any of the preceding claims.



| edcocyt e i mmunophenot ypi ng by both W ni croscopy “and flow cytonetry.

preparation is of val uealng tgicgggl”ﬂumwlm"u“I"F?Omglegrglgglgd I ?S#é’ng

sanpl e
| eucocytes (granul ocytes, nonocytes and Iyq;hbcytes) or subsets thereof.
The procedure can, s

procedure 2WO 920203 ut

stabilised

25 profiles ensu

The val ues

successfully

f or

10

15

under optinmum condition

9retain the | eucocyte antige

49, p“?s&%%fﬂi“s%aa%@%“a' o FrRREetich BUBRERBEARRLY

can be stable for nor e %@c;}qgega_ylﬁ. th‘é’hﬁxéﬂgfé&gator can al so

26.

27.

28.

. 29.

20

25

30.

A stabilised whole blood preparatfion substantially

as hereinbefore described.

An unseparated stabilised whole blood preparatioh
capable of 1lysis in which the stabilising agent
comprises effective amounts of a heavy metal

compound and paraformaldehyde.

A quality control material for use in leucocyte
immunophenotyping which comprises a stabilised whole

blood preparation according to claim 27.

A method for the quality controcl of leucocyte
immunophenotyping in which there is used as a
quality control reference material a stabilised

whole blood .prepéra’tion according to claim 27.

A method for the quality control of any of zinc
protoporphyrin, red cell folate,- total white cell
count and Jlymphocyte count blood monitoring

techniques in which there is usgd as a quality

control reference material a stabilised whole blood '

preparation according to Claim 27.

The

can conprise all ¢ thes nornmal peripheral blood .

ni c

and



15 derive values for antigens that may be. of specific interest.
Furthernore, the prepar o quality centrol the

di f vey @phe@! - obt ai ned f(?ﬂm“”ﬂmmﬁllﬂjﬁm;eter Thi s hageter that is
used for the 5 nonitoring*of®arti Mvifal *therapy in Ff@rln cted

i ndi vi dual s. New net hods for phenotyplng bl ood speci mens are being

devel oped which do not require thegganple to be treated with a |ysing agent
af ter staining. These 10 technlques are termed no-wash, no-lyse. The

whol e bl3tod pr ewettadd ofsr ofohbtoriny hlécd SagaPe1evlilst AnPrpy de quality
control for these techniques and can also be used on flow cytoneters that
anal yse no- wdieatmenty of sliahehesesin which there is used as a '

calibration material a stabilised whole blood

preparation according to Claim 27.



15 In general the stabilised whole bl ood preparations of the

I nvention c din quality control of UV m croscopy
agw&%@ﬁ%%henotyping t echni ques, both of the mholea§$8§ﬁﬁb$¥%s
and whol e bl ood non-Iysis techni ques.
preferred enbodi nents of the stabilised whole bl ood preparations of the
I nvention show that they are al so suitaakglfor use in i munocytochem cal

cytonetric

anal ysis using

techni ques such as

20 | nvestigations with

al kal i ne phosphat ase

anti - al kal i ne phosphat as€ i nmunocyt ochem cal 25 techni que (APAAP) and can
for exanple be used to determ ne the antigenic profile of |eucocytes on

peri pheral bl ood snears.
i n external

materials or

Leut (D3

SSC

FSC
Gated Events : 3646
Total Events : 15000

They can be used as a day to day reference
(inter-1aboratory)

LeuM3

Hle - 1
Quadrant correction: Yes

‘Fig.1a.

Corr Cells/

Quad: Cell Type %L cu_mm
1 CD3+/CD20- 89 1510
2 CD3+/CD20+ 2 30
3 CD3-/cD20- 7 120
A CD3-/CD20+ 2 30

Leuis  CD20

Gated Events : 227
Total Events : 10000

Fig.1b.



16 quality control. Miltiple snmears can be made in-advance and then stored
at [err] unty The snears can be stained on a daily bagj d as
controls mhgﬁbgﬁg?ﬁ?ng ot her smears. 5 The stabilised a%§P39§T%§%
preparations of the invention may also find application as standard
reference materials for use in enzyne |inked i munosorbent assay techniques
(ELI' SA) and- i n i nmunor adi onetric assay techni ques. 10 Further uses
of the stabilised whole blood pr ep&/Zdi ons of the invention in the

| aboratory may include as a quality control and calibrant for

Corr Cells/

Quad Cell Type %L cy_mm
1 (D4+/CD3- ° 2 30
]2 CD3+ CD4+ 18 310
o aaiiic 3 . Negative 8 140
* [ CD3+/CD4- " - 1210
< | " .
ol - .
Xl ! ®
CD3
Gated Events : 2396
Total Events : 10000
Fig.1c.
Corr Cells/
Quad Cell Type %L cu_mm
1 CD8+/CD3- 3 50
. 2 CD8+/CD3+ " 1210
2 3 Negafive 7 120
LT 4 CD8-/CD3+ 19 320

co8
!

' Fig.1d.



haemat ol ogy anal ysers, as a quality control material for nonitoring iron
deficiency byt I.nc protoporphyrin 15 technique (ZPP), and as a _quality
control mate F&Fﬁwﬁbthe red cell folate technique. Finally, dﬁcﬁF%*@EEEr
basi.s, the stabilised whole bl ood preparations of the invention may find
application in the quality control of blood glucose |level tests, thereby
enabl ing diabetic patients 20 to carry oug,ghis technique in thelr own
hones. The invention is illustrated by the fol |l ow ng- Exanpl es: 25 A
stabilised whol e bIood preparatlon is made up as described below and its
agei ng characterlq | simlar untre .

sanpl e. -

w I
I w
w1 [ 72 ]
FSC ' | FSC
Gated Events : . 3646 Gated Events : 2409
Total Events : 15000 Total Events : 15000

Fig.2a. * Fig.2b.

J ot
(Vs ] W
7 v
FSC - FSC
Gate Events : 3149 Gated Events : 7289
Total Events : 15000 Total Events : 50000

Fig.2c. | - Fig.2d.



17 Preparation 1. Venesect a unit of 500m of blood into a sterile
venesecti on pack cont ai ni ng 600Ny of 5

et hyl enedi awiordsR&03aacetic acid (di sodiumor tri potassium SREVEPISQIZSe 5| ved
‘in" 50m of phosphate buffered saline solution (PBS). 2. Centrifuge the
unit at 8009 for 1 hour. Renove and retain the plasma. 10 3. Wsh the
remaining cells twice wth .sterile phosphate buffered saline solution
(PBS)” 4. Renove the supernat ant PBS. 54/2hdd 300m of filtered 0.1% aged
(> 1 m)nth) Chromium  ~

- Corr
Quad Cell Type %L
1 T LYMPHS 65
2 Non-spect 0
. 3 Negative 23
o L BLYMPHS 12
(=
O | Quad Cell Type %ol
g:} o5 1 TLYMPHS 4
| R . 2 Non-spec 6
DAKC (D20 m | 3 Negative 40
' o L  BLYMPHS 13
. . J
Fig.3a(1) oFf
< |
: o
DAKO (D20
Fig.3b (i)
Corr
Quad Cell Type %L
1 (D&+/CD3- 5
| 2 . (D3+/CD&+ L2
. 3 Negative 31
R IRTTE O A CO3+/C04- 2
> ‘.; 1-.

Quad Cell Type %L
& 3 | CDWAD3- ~ &

| F|g3ﬂ(”) CO3+/C04+ 31

Negative 53
CO3+/(D4- 12

S W=

CD4

Fig.3b(ii)



Chl'ori de hexahydrate (pH 6.'7) in PBS and i ncubate 15 for 1 hour in
the dark at [err] mxing occasionally. 6. Centrifuge for 45 mnutes at

800g and d¥OM™pernatant. 7.  Resuspend in 300n aged (BATERAHOEIS?and
filtered 0.1% Chrom um Chl ori de hexahydrate pH 6.7 in 0.35% 20

par af or mal dehyde i n PBS. I ncubate at [err] in the dark for 16 - 22 hours.
8. Centrifuge at 800g for 45 m nut%%%1 and decant supernatant. 9.
Wash twi ce by centrifuging at 800g with . Decant 25 final
supernatant. 10. Resuspend the stabilised whole blood in the plasm

detailed in step 2. Add broad range antibiotics such as gentanycin,
ci profl oxacin.

| “Corr

Quad Cell Type %L

. 1 CD8+CD3- 13

2 CD8+vCD3+ 22

R i 3 Negative 18

vy | T , 8§D+ 4
QA B
_. - ~-’.-é'a_§ . oty
D3

Quad Cell Type %L

1 (De+CD3- 9
2 cos+AD3+ 13
3 Negative 48
L CD8vCD3+ 30

D8




18 12.

Pl ace at [err] for 2 -3 days until use. Phosphate Buffered Saline

pH 7.2 5 7.83g/1 Sodium Chloride 0.36g/1 disodium EDTA 0. 28g/ 1 Pot assi um
Chl ori de 0. X0852728%t assi um di hydr ogen phosphat e (nonobasi c) PCTFRS5MA1259

di sodi um hydr ogen phosphate (dibasic) 10
Il lustrated in the acconpanyi ng Drawi ngs i n whi ch:
cytonetric characteristics of

CD3,

The conparative
Figure 1 shows the flow

results are

"fresh" blood after staining for the antigens
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CD4, CD8, and CD20. The stai ni ng was carried out 15 enploying the
whol e bl oo l¥S. technique and the positive |evels rel
negative co;k’?()#éh?%) Forward & side scatter (FSC & SSC) cha?é%@?’g#?%s,
(b) CD3 PE & CD20 FITC, (c) CD3 FITC & CD4 PE, (d) CD3 FITC & CD8 PE. 20
Figure 2 shows the effect of ageing on the flow cytonmetric FSC, and SSC of
"“freshs unstabilised bl ood over a periay2if 8 days (a) Day 1, (b) Day 2 (c)
Day 3, (d) Day 8. Figures-3a and 3b show the ef fEgr of ageing on the 25
expression of the antigens descri bggad nCell Jyfee | b.Lc & d over a 10 day
period 3a (i) (ii) (jdDay 1. __and™3D dgst/cgres TH11) Day 10.

i ~ 12 CD3+/D19+ 0

3 (D3-/D1- 15
L CD3*CD19- 73

Corr
od Cell Type %L

Qu
1 (D3-LDL+ &
2  CD3/CD4+ &9
* 3 (03CD4& 23
Y I L CD3CD4- 2%
S ﬁ ; |
03
- Fig.5a
Corr
Quad CeliType %L
1 C03-AD8+

5
2  CD3+/CD8+ 23
3 (CD3+CD8- 2
L CD3+4LD8- 51

(D8




19 Figures 4a and 4b show the stability of FSC, SSC and the negative
control characteristics, as determned by flow cytonetry, . & t he
stabilised WREP&™20B| ood preparation over a period of 60 dayPCUAEPISMIS% 4p
day 5 60. Figures 5a and 5b show the stability of the antigens CD3, CD4,
CD8, CD19, and CD16 + CD56, .as neasured by flow cytonetry, over a 57 day
period 5a Day 3, 5b Day 60. Figure 6 shewgithe effect of stgppage on the

filow 10 cytometric | eucocyte differential on. 'Q‘uﬁgs od %\Ler a period of
8 days. Further analysis after day 8 was not tqmr ked

deterioration of the sanple. CD3‘/CD19+

3 CD3-/CD19- 16
L CD3v/CD19- 72

D19

%
3
>,

M.
Q
w

' Corr
Quod Cell Type %L
1 (D3AD4& 3

2 CD3/D4+ . 48
- e 3 (D304~ 2B
3| . -# L (D3YCD4~ 24
'%., t.
& E Fig.5b
CD3
. Corr
Quad (CellType %L
1 (D3-AD8+ 5
| 2 (D:D8+ 23
3 (D340 23
g ‘4 CD3CDs- &9
[- =) % I3 .
=1 %14 X
Claal L
E
o3
Corr

Quad Cell Type %L
F CD346.56+ 15

CD3+16 56+ 2
3 CD346.56- 13
b  CD3+416.%6- 70

] Cp16+ 56
A




Anal ysis used a FACScan flow cytoneter. Figure 7 shows the stability of the
fl ow cyt onet r*]vg)&gé sfferential of the stabilised blood preparation over a
25 day peri od. n‘aT'ysi s used a FACScan (trademark) flow cyt onGVEPISPIS? e 8
shows the stability in zinc protoporphyrin (ZPP) level in a sanple of the
stabilised whol e bl ood 20 preparation over. a period of 36 days neasured in
[err] ZPP/nole of haenogl obin. Figure $/3hows the stability of the total
white cell count and total |ynphocyte count over a 117 day period for a
sanpl e of the stabilised whol e bl oaﬂm_rgemr%bons 25 nmeasured using a Toa
(Sysnmex) NEBOOO (trademark) haenma . Finally, Figure 10 shows
t he neasurenent of red cell ' :

60(- -+ orreer e e | % LYMPHOCYTES
—+ MONOCYTES

115225335 445 555665775 8
DAYS

Fig.é.



folate for stabilised whole blood 20 preparation
and fresh stored whol e bl ood over a 50-day period. The flow cytonetric
profile in PYQ8V27283 shows the normal position of the |ynSGSEPIHRI25S
nonocytes and 5 granul ocytes after lysis of the red cells. The antigen
staining characteristics are also shown in Figure Ib, ¢, d, &e. As the

| ow cytonetric and antigen

sanpl e increases with age (Figure 2) tg y
expression characteristics alter. At d § 1the amount of debris nakes the
anal ysis 10 wunsatisfactory. - The fluorescence | abel |'i ng
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characteristics have al so deteriorated as shown by Figure 3. Figure 4
di splays the forward and side scatter characteristics together wwth the
negati ve conWm#s/27203t he 15 stabilised sanple at day 3 and dapCcoBBP9soIse
i ndi vi dual popul ations are retained in their respective positions

imedi ately post stabilisation. After 60 days preservation the
forward and side scatter flow cytonetric, characteristics renmain intact
(Figure 4b). In addition 20 the antigeh“b&%#ession characteristics remain

unal tered over this period (Figure 5). The sanme nachi ne settings were
retai ned throughout. The stabilised bl ood preparation can be used to
nonitor the | eucocyte differential. Using a specific 25 conbi nation of
anti bodi es directed agai nst the CD14 and -

z |
w
=
e
% - 1%
fam e
8 s
- s
m —
] s 4=
Y]
o =]
= ¥
= - s
o i s
Ll a .
2 S 2
= 5 . 1
@ a
g a
w N
m o
< g 2
© - <
3 E . N a
— =)
& ——
a ~
N m .
]
Z Py de
w
: » :
nd 3 s
=2 " .
= . ©
)_ : m . -f g
Z 2o - e
x = > 8 .
=~ - 4
. e s
(= <| &=
g - 0.
8 v N -1wo
f a.
: =)
i =
| ~N
é ] ! L o L —
- ] S ~

Si3AT1 ddZ



CD45 antigens a three-population differential can be generated. Fi gure

7 shows the stability of this paraneter over 25 days, whereas Figure 6
shows the W9921303tability of the "fresh" whol e bl ood over BGT/EPISAIRSS
peri od. Anal ysis of the latter after this tinme was aborted due to

contam nation with excessive debris. As shown in Figure 8, ZPP levels in
the stabilised 5 whol e bl ood preparati 03765 emai n substantially constant,
with only a very slight increase after /o%llys. Simlarly, as shown in
figure 9, the total white cell count and total |ynphocyte coynt are also
scarcely : : o
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affected by tine over a 117 day period. 10 Figure 10 shows the very
substanti al inprovenent obtained in the stability of red cell folate using
a st abi | i sed™¥23283| ood preparati on according to the invent i BGEIERISORESANPEL
2 A stabilised whole blood preparation is nmade up as described in Exanpl e
1, except that the reactions with 20 chrom um chl ori de hexahydrate and
wth the m xture of chrom um chl ori de hexahydrate and par af or mal dehyde are
carried out in phosphate buffered salinel®®@lution-at a pH of 7.2. Figure 11
shows the stability of the FSC, SSC 25 (Figure 11a) and negative
control (Figure 11b)
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characteristics, as det er ni ned by flow cytonetry upon the stabilised whole
bl ood prepar gi.i at 11 days post stabilisation. 22 Figure 12 (&), (b)
and. (c) shom@‘*%@”&"abi lity of the antigens CD3, CD4, CD8, anﬁcwsgf"gliﬁ
measured by flow cytonetry at 11 days post stabilisation. Figure 13 (a) and

(b) shows the stability of the 5 FSC, ??g and negative control
characteristics as determined by flow c frbt ry, upon the stabilised whol e
bl ood preparation, at 29 days post stabilisation. Figure 14 (a), (b) and
(ic) shows the stabil i[tl}/ of '

o
J =
(0
ul 3 . )
o . .
AR e
Foc AlLac1
Gated Events : 4245 Quadrant c:rrect ion: es
Total Events : 15009
FIGURE 11a
1] Corr Cells/
Quad 2 S o
i NSS PE 4] g
2 NSS *+ 8 g
3 Unstained 168 1488
4 RSS FITC 8 (]

Gamma~-1
Gated Events : 2288
Total Events : 2004

FIGURE 11b



thé antigens CD3, CD4, CD8 and CD19 as measured by flow 10 cytonetry at 29
days post stabilisation. EXAMPLE 3 A stabilised whole blood preparation is
made up as YO UFEI bed in Exanple 1, except that al um ni um BOTBPISA259
hexahydrate is substituted for the chroriSffichl ori de hexahydrate, and the
reactions with the atygm nium chloride and the m xp4re ofesqglsum ni um chl ori de

and par af ormal dehyde are carried oufuaft ¢l Tpe?. 2Q cufmgoure 15 (a) and

(b) shows the stabil ity—0f ESC—SSA and cegaid+ve cantrol characteristics,
as determned by floyw cyfonetry upph t h&€d¥shisrl i sed whol e Bl ood preparation
at 11 days post stabilisation. Figide 1603¢&Pi%-(b) @nd (c)i%how t he
stability of the 25;!ant§gens CD3, |€D4, ¥nd CBR9 as A¥8sured by flow
Qe ) Corr
Gl Subset Label XL
1] . .3 Q1 D3/CD19 S ok
K. 02 CD3/C019 @ ok
CD3 43 ©03/CD1% 13 ok
4 C03/C01Y 82 ok
FIGURE 12a
L Corr Cells/
Quad Celf Tpe 2L TR
i C03-/CD4+ 3 49
2 CO3+/C04« 44 850
3 C03-/CD4- 14 210
4 CD3+/(04- 39 589
Corr
L 2L
Qi Co3/C04 3 oh
'G2 CO3/CO4 43 ok
"3 CD3/CDe 14 ok
Q4 <03/ 39 ok
FIGURE 12b
(1] Corr Cells/
Quad Celi Type, XL ~cu o
- 1 CD3-/Ch3+ 4§ 64
2 CD3+7ChBe * 56d
3 CD3-/C08- 15 228
4 CD3+/C0B~ 43 648
- _
e Corr
Subset_Label —iL
a1 CD3/Cos 4 ok
G2 L0308 38 ok
43 C03./C08 15 ok
G4 <03/7C038 43 ok

Gated Events : 123%
Total Events : 5639

FIGURE 12¢



cyt’orretry at |l days post stabilisation. Figure 17 (a) and (b) shows the
stability of FSC, SSC and negative control characteristics as determ ned by
23 flow cyt I¥2372@pon t he stabilised whol e bl ood prepar at i oORCHEPS®I1288y s
post stabilisation. Figure 18 (a), (b) and (c) shows the stability of the
antigens CD3, CD4, CD8 and CD19 as determined by flow5 cytonetry at 29
days post stabilisation. The results shovﬁ/c-?r:'y good stabilisation of the

whol e bl ood preparation,. with very little debris even after 29 days and
good retention of a H‘genic

SsC
Leu M3

“F&c
Gated Events : 4126 Quadrant correction: Yes
Total Events : 15000

FIGURE 13a

(13 Corr

Cell Type %L
NSS PE :

5}
NSS ++ 0
Unstained 108
NSS FITC 0}

&WMNE

Gamma-—2

?,:3- -
Gamma=—1

Gated Events : 2147
Total Events : 8000

- FIGURE 13b



characteristics. 10 The reader's attention is directed to all papers
and docunents_which are filed concurrently with this specification and
whi ch are _opewot%’zﬁl?él ic inspection with this specification, apg 101259
contents of all such papers and docunents are incorporated herein by
15 reference. Al the features disclosed in this specification (including
any acconpanying cl ains, abstract aaqylgr awi ngs), and/or all of the
steps or any nethod orgyprocess so discl osed, ‘may becgenbined in any
conbi nation, 20 except conbinations wpgde @i igast gqme of such features
and/ or steps are nutuallyexclusiv tach dpgatpire disglosed in this
specification (includihg ahy acconpanyi ngp3+/cdia ns, 6 abstract and

: 3 CD3-/CD19- 14
4 CD3+/CD19- 8t

cnig

Subset Label XL

Qt CD3/CD19 5 ok
G2 CD3/CD19 - 0 ok

cn3 a3 CD3/CD19 | 14 ok
Q4 CD3/CD19 81 ok

Gated Events : 2257
Total Events : 8000

FIGURE 14a

(11 ' Corr
' Guad Cell Tvpe LL_

{ CD3-/CD4+

2 CD3+/CD4+ 42

3 CD3-/CD4~ 16

4 CD3+/C04- 39

cn4

'Qt CD3/CD4
s Y Q2 CD3/CD4

ch3 Q3 CD3/CD4
@4 CD3/CD4
Gated Events : 2211

FIGURE 14b

i1 Corr
Quad . Cell Tupe 1L

i CD3-/CDB+

2 C03+/CDG+ 39

3 £D3-/CD8~ 15

4 CD3+/CD8B- 43

. i Corr
| Subset Label : : —aL
Q1 CD3/CD8 ' 4 ok
Q2 CD3/CDB : -39 ok
Q3 CD3/CD8 _ 15 ok
Q4 CD3/CD8 43 ok

coge

Gated Events : 2085
Total Events : B00O

FIGURE 14c



draMAngs), may be repl aced by alternative features 25 serving the sane,

equi valent or simlar

pur pose,

unl ess expressly stated otherw se.

unl ess expr ¥CPY¥2RPht ed ot herwi se, each feature disclosed i sP&R

24 only of a generic series of equivalent or simlar features.
restricted to the detgi
This invention extends to 5 any novel

iinvention is not

features di scl osed

in

this

ore,” or any novel

The

conbi nati on

acconpanyi ng cl ai ms, absf¥act ‘and drawings), or to any

[t ]

—

e
r

Gated Events :
Total Events :

Gamma—2

Gamma=-1

Gated Events :
Total Events :

= enn,
L e

JE

FIGURE 15b

speci fication (i ncluding any
—F- ;
o :
—li ~
A HLa-1
3.1 Quadrant correction: ¥=:
13300
FIGURE 15a
Corr Cells/
Guad Cell Type — L0 <y mm
i N33 Ft ) d
12 NSS +e g 0
i3 Unstaimned 168 1646
) NSS FITC g 9

Thus,
e.

of the foregoing enbodi ment(s).

of the



novel one, or any novel combi nation, of the steps of any method or process

so disclosed. 10
cel,l s capablw095:27203
still capabl e of

10 1)

| ysi s,
an aqueous mnedi um mai ntained at a pH of from6.5 to 7.5,
an aged aqueous sohlwiiqan of a heavy netal

chig

one

25 CLAI MS 1.
of lysis,
whi ch conpri ses:

suspensi on,
sequentially

{43 Corr Ce..a/”
i GQuad Cell Twpe  ZL. x-TH .}
.+ 1 CD3-/CTH e 4 79
i3 CO3+/C019+ a @
13 £D3-/CD19- 14 236
i 4 C03+/CD19- 82 1340
- Carr
g gy  Subset Label 3L
. 1~ S {qy CB3/C019 4 ok
|- tQ2 £Da/CDLY d ok
D3 03 CO3/C01% 14 ok
Q4 CD3/D19 32 ok
Gated Events : 2430
Totat Events : {099¢
FIGURE 16a
i Corr  Cellas
Quad Cell Twpe XL Sy mn
: : CDB3-/C04+ 3 - 58
i 12 (D3r/CD4s 43 71
: 13 C03-/CD4- 14 239
‘4 CO3+/CD4~ 49 660
; Corr
 Subset fabel 2l
(Qd CD3/CD3 3 ok
g : Q2 (03/C04 33 ok
cna G2 (L3704 14 ok
4 (D304 4G ok
Gated Events : 2253
Totat Events : {00
FIGURE 16b
[11 Corr Cells/
Quad I il Sy on
{ CD3-/C08+ 3 53
12 CD3+4C08+ 4Q &3
‘3 C03-/C08~ 1?7 289
. 4 CD3+/C08~ 49 666
',, Corr
; zL
'g1 CO3ADE 3 ok
- {2 CD3ACES 4a ok
cn3 33 C03/CB3 17 ok
G4 53008 45 ok
Gated Events : 2309
Total Events @  iddddl

FIGURE 16¢

A nethod of treating a suspension of
to produced a stabilised cellg
treating the cel
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conpound, the pH of the solution being from6.5 to 7.5, and the solution
Waving been maintained at a pH of from6.5 to 7.5 for a period of tine '
sufficient tWOAS2&M315 any precipitate to be RCHERSSO1258d 2)
gn aqueous sol ution of parafornal dehyde, the pH of the solution being from
.5to0 7.5. 20 2. A met hod accordi n@0/@1claim 1, in which the cel
suspension is a whol e bl ood preparation. 3. A nethod according to claim1l
or 2, in which the hgﬁyy nmetal is alumniumor a transition netal. 25 4.
A nmet hod according tdany of the preceding clains, in which the heavy netal

conpound is a netal sal ..
)
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26"5. A method according to claim4, in which the netal salt is chromc

chl oride. 6. A nmet hod according to 21/&1m 4, in which the netal 5

sal,t is alurwoesezde8oride. 7. A nmet hod accordiefrg to any of ROTERSSI282i ng
clainms, in which the aqueous solu n ad&knetal conpound has a pH of
from6.7 to 7.4. 1¢ 8. met nod ggcor g é y ) any df the precedi ng cl ai ns,

I n mhlch the heavy |netall compoundsis 1! 9a.s ehﬁelatively concentrated .

solution and is dil ut:gq with 4 CD3+/CD19- 81 '
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an aqueous 'buffer solution before use..15 9.- -A nethod accordi.ng. to any of
t he'-precedi ng clains, in which theﬁﬁqﬁ@ous SOhuFfon of @.heavy ‘netal”
conmpound i s aged by being allowed to stand far- at | east” one week béfore
use. 20° 10. A nethod according to any of the preceding clains; in which

t he aqueous sol ution of the heavy netal conBound is added to the cel
suspension as a 0.01%to 0.5% w v solution. 25 11. A nethod according to
any of the precedi ng Erailptennatiansd t Appiécasiane Nopo¥Pd1lyd 7486 .aqte®us

sol ution of the heavy netal conpound _for a _period of
a entire disclosure of which is incorporated herein by

% | : reference, there is‘described a blood diluent and lysing

| agent fof differential determination.éf;white blood cells

| 5 (leucocytes) in _wh;ch the stabilising agent is
diazolidinyl urea. Such léucocyte preparatibns have not
‘been suggested_as flow cytometric preparations possibly
because they have insufficient stability and lack certain
specific antigenic activity for those routine Quality

10 control procedﬁres which need to assess results from a
large number of laboratories.

International Application No. W092/19951 diécloses
the use of diazolidinyl ﬁrea, imidazolidinyl urea,
dimethylol-5, 5-dimethylhydantoin, dimethylol urea, 2-

15 bromo-2-nitropropane-1,3-diol and quaternafy adamantane
as tissue fixatives which are free of aldehydes. The
formulations may contain inter alia mOrdants.such as
zinc, calcium,"bafium and chromium salfs; It is not
suggested, however, that any of these salts have

20 stabilising properties.

GB1563839 provides a process for' preparing_ a

" stabilised preparation of 'érythrocytes, wherein a
suspension of erythrocytes in an aqueous isdtonic
solution is_re;cted with, simﬁltaneously or sﬁcCessively

25 in any sequence, an aliphatic aldehyde and a water-
soluble salt of 2- or 3- valent chromium. In the

examples, the erythrocytes are treated with formaldehyde

2 10CT w90 |
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27 from5 M nutes to 18 hours at a: Lerrperature of from[err] to [efr]. 12.
A method according to any of the pr-eCedi ng clalns 5 in which the
par af or mal dehyde is added as a 0.1%to. 0. 5@6m/v aqueous solution. 13. A
met hod according to any of the precedlng cI in which the aqueous

par af or mal dehyde sol uti on has 10 of fron16 7to 7.4. 14. A

e mixed with arkbett Sxkatatiate:; %ﬁﬁ?gﬁw@ﬁh% R i
chromium III chloride.
It has been found that cell suspensions containing
erythrocytes treated in this way are no longer suitable
5 for use in a whole blood lysing technique, and thus the
process of.G81563839lcannot be used to prepare stébilised
whole blood sampies, for example, for flow cytometry
Iquality control. ”
GB2001757 describes a method of preparing a stable
10 suspension of blood platelets which comprises adding
chromium ions to a platelet-rich plasma and adding at
least one organic aldehyde to the chromium—platelet-rich
plasma mixture. In .the examples, thé platelet-rich
plasma is treated with solutions of potassium dichromate
15 and glutaraldehyde. This process; if used on leucocyté
cells, substantially increases autofluorescence and
renders the suspension unsuitable for use in flow
cytometry.
The éntire disclosures of the above-mentioned patent
20 and applications are incorporated herein by reference.
It will be appreciated from the abova,_that there is
a need for an improved method for stabilising cell
suspensions, particﬁlarly of whole blood and blood
_ p;oducts, giving a cell preparation that is still capable
25 of lysis, for a variety of quality control, monitoring
and calibration applications.
In UK Patent Application No. GB2279653 it is
disclosed that certain heavy metal |

REPLACEMENT SHEET

‘2 10CT v

AMENDED SHzET




15. * pHin the range of from6..5 to 7.5.- ¥5. - A method according to
Claim14, in which the ratio of heavy netal conmpound:tag paraforfal dehyde is
in the range of from5:1 to 1:50. 20 16. A nethod according to any of the
preceding clains, in which the exposure of the cell suspension to the

par af or mal dehyde sol ution or mxed solution’is from6 to 24 hours at a

tenperature of f err] taq rl. 17. _A a I ng any t he

precedi ng cl ai mégﬁé%éth ﬁa[er?si%l%ﬁa’- 2) aa_r erm%ar [ eg‘%%[?tq' séft, da
paraformaldehyde, and a method of stabilising a whole
blood preparation capable of lysis by adding effective

amounts of the compound and paraformaldehyde thereto.

DETAILED IPTION T

In UK Patent Abplication No. GB2279653, leucocyte

preparations separated from 1lysed whole blood are

10 stabilised by’the addition of a stabilising agent, and
then added back to leucocyte depleted whole blood (red -

blood cells) to from a stabilised whole blood

preparation. The present invehtion. provides an

alternative ‘method for the preparation of stabilised

15 whole blood in which the lysing and separating steps can

be omitted.

The invention will now be pafticularly described
with.reference to the manufacture of stabilised whole-
blocod preparations for use in laboratsry quality control

20 procedures, although it will be appreciated that .the
I invention is not limited thereto and that, for example,
the stabilised whole blood preparations may find other
uses, and that the stabilisation procedures described may
find application in the qanufacture of stabilised cell
25 suspensions from'sources other than blood, for example
microbial _cells,“ plant cells and similar materials

derived from living tissue.
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28 sequentially at a tine interval of fron11 hqur tor 2¢ hours. 18.

nmet hod according to any of the precedlng claing, 5 ° < in which a further
cell line is added to a whol e bl ood preparation, either before or after the
stabilisation of the whole blood preparatiog 19. A nethod according to
Caim18, in which the cell 10 | i ne. conprises CD34+ cells. 20. A

net hod according to amy #Hid hpauicfierdtithr) J suspebsion b&l ty¥las depapised
in Exanple 1. 15 21. A nethod according to any of Claims 1 to 19,

substantially. asoﬂekgsibeﬂS|deExaaﬂlas:2aammsted§10nAoﬁndemnswcsmchramto
any of the preceding clains substantially as hereinbefore descri bed.
for example, whole human blood, in. which spe01flc cell
. populations can be selectively lysed gsing erythrocyte
5 1lysing reagents. Lysis comprises ruéiure-of the cell
membrane and leakage of the cell contents. Lysing
reagents and conditions suitable for the selective lysié
of the erythrocyte component 6f whole human blood
include, for example, treatment in aqueous solution with
10 an ammonium salt, for example, ammonium chloride, or a
quaternary ammonium salt and urea, or a substituted urea,
or urea derivative, as described in UK Patent Application
No. GB2279653.
Whole blood 'preparatiohs in this specification
15 include preparations containing substantially' all the
components of fresh blood, and preparations_contaiping
substantially all the componenfs of fresh blood other
.than plasma.
The procéss by which the stabilisatidn of the whole
20 blood is- achieved uses a series of stages incorporating
the addition of both organic and inorgapic compounds.
The initial process of drawing a unit of blood is well
documented and can be any of those used by those employed'
in the art of venesection. Anticoagulated blood is
25 preferably used, and several suitable anticoagulants are
éommercially available. However, the use of a potassium

EDTA salt is preferred.
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20 23. ‘A nethod according to ¢laim?2, in which-the whole bl ood preparation
has been obtained by pooling sanples fromdifferent bl ood donations. 25
24. - A stabilised cell suspension prepared by- a nethod according to any of
t he preceding cl ai ns. 29 25. A stabiliseg whol e bl ood preparation
substantially as described in the Exanples. %6. A stabiltsed whol e bl ood

preparation substanti f‘ﬁ%gﬁg %? Oara@%@%h%v{‘ﬁﬂeors%a%qﬁﬁ%pgg' E‘gé; 85¢c and

unsepar ated stabilised od preparation
the negative control characteristics, as determined by

flow cytometry, upon the stabilised whole blood
preparation over a period of 60 days,_4a day 3, 4b day
5 60. | |
! ‘ Figures 5a and 5b show the stability of the antigens
CD3, CD4, CD8; CD19, and CD16 + CD56, as measured by flow '
-cytomefry, over a 57 day period 5a Day 3, 5b Day 60.
Figure 6 shows the effect of storage on the flow
10 cytometric leucocyte'differential on "fresh" blood over
a period of 8 days. Further analysis after day 8 was not "
possible due to markéd deterioration of the sample.
Analysis used a FACScan flow cytometer.
Figure 7 shows the stability of the flow cytometric
15 differential of the stabilised blood preparation over a
.25 day period. Analysis used a FACScan (trédemark) flow
cytometer.

Figure 8 shows the stability in zinc protoporphyrin -
(ZPP) 1level in a sample of the stabilised whole blood

20 preparation over a peribd of 36 days measured in umoles
Z?P/mble of haemoglobin.

Figure 9 shOws the stability of the total white cell
count and total 1ymphocyte count over a 117 day period
for a'sample of the stabilised whole blood preparations

25 meaéured using a Toa (Sysmex) NE8000 (trademark)
haematology analyser. '

Finally,'Figur3310 shows the measurement of red cell

folate for m&wm stabilised whole blood
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cag"abl & of Iysis in which the stabilising agent..conprises effective amounts
of “a heavy netal 10 conmpound and par af or'nal deh”m"mmm

control material for use in leucocyte i munophenotyp ﬂ"ﬁﬂ"ﬂes a
stabi | i sed whol e bl ood preparation according to claim27° 15 29. s A+net hod
for the quality control of |eucocyte i mun@@ghenotyping in which there is
used as a quality control reference material a stabilised whole bl ood
preparation accordi n§re® 8 @iputes 2o 38. haupst ASdaf sempaEagusri ©Ff £50Mr of

of any of zinc protosorphyrl red cell folate, total white cell count and
| ymphocyte count Fodto i+t or i ng

12. A method according to any of the preceding claims,
5 in which the paraformaldehyde is added as a 0.1% to

0.5% w/v aqueous solution.

13. A method according to any of the preceding claims,
in which the aqueous paraformaldehyde solution has

10 a pH of from 6.7 to 7.4.

14. A method according to Claim 1, in which the aqueous
paraformaldehyde solution is mixed with an aged
aqueous solution of a heavy metal compound having a

15 pH in the range of from 6.5 to 7.5.

15. A method according to Claim 14, ih which the ratio
of heavy metal cdmpouhd to paraformaldehyde is in

the range of from 5:1 to 1:50.

20
16. A method according to any of the preceding claims,
in which the exposure of the cell suspension to the
paraformaldehyde solution or mixed solution is from
6 to 24 hours at a temperature of from 0°C to 8°C.
25 |

17. A method according to any of the preceding claims,

in which steps 1) and 2) are carried out
REPLACEMENT i.FET
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t echhi gues iiln which there is used as a quality 25 control re

fl +
mat erial a stabili ol e bIo A Claim 2%
31. A nethod for mﬂrl ng bl oo sugargﬂw&\\%\m& g#l 1é-'gat ment of ‘E%EA;‘:W
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