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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

___suspen_sion 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

"haematology analysers, and blood monitoting techniques

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

._uns. 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 fluorochroine.

~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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microspheres,.thougﬁ providihg.a day to day monitor of
the flow cytometer's perfofmance cannot be used for UV
microsdopy 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 anaiysers where cur:éntly 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.
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In International Application No. PCT/US91/03236, the
entire disclésure of which is incorporated herein by
reference, there is described a blood diluent and lysing
ﬁgent for 'di'fferex'rt:ial determination of ‘white blood cells

(leucocytes) in which the stabilising agent is

| diazolidinyl urea. Such ieucocyte preparations have not

 been suggested as flow cytometric preparations possibly

bacause they have insufficient stability and lack certain
spec_ific antigenic. activity for those routine quality
control pi‘oced{zres which need to assess resu;ts from a
large hi.unber_ of laboratories. _

In*t:_ernatiohal ' Application No. PCT/USQZ/03758‘
discloses the use of diazolidinyl drea, imidazolidinyl
uréa,_ dimethylol-5, 5-dimethylhydantoin, dimethylol urea,
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
sﬁbilising properties.

GB1563839 provides a. process fo.r preparing a
stabilised preparation of erythrocytes, wherein a
suspension of erythroéytes in an aqueous i.s.oton'ic_
solution is reacted with, simultaneously or successively
in any seguence, 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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and-glufaraldehyde; fcllowed by an aQueous solution of
chromium III chloride. |
| It has been fcuhd that cell.suspepsicns_cpntaining
erythrocytes treated in this way are no longer suitable
for use in a whole blood lysing technique, and thus the
process of G81563839 cannot be used to prepare stabilised
whole blood samples, for example, for _flow cytometry
quality control. |

 GB2001757 describes a'mefhod of preparing a.stahle_
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 dichromate
and glutaraldehyde. This process, if used on leucocyte
cells, substantially increases autofluorescence and
renders the 'suspensioh unsuitable for use in flow
cytometry. | | |

The entire-disclosares of the above—mentioned patent
and applications are ihcorporated herein by reference.
It will be appreciated from the above, that tbere is

A need for an improved method for stabilising cell
suspensions, particularly of whole blood ‘and blood
producfs, giving a cell preparation that is still capaple'
of lysis, for a variety of qpality 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 Repl
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compounds can stabilise leucocyte pz"_eparatio_ns formed
f:;oni lysed whole blood, and that such stabilised
preparations can be added to leucocyte-depleted blood to
provide a stabilised whole blood preparation with high
éﬁtigenic activity. The entire disclosures of these

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

It is an object of the imiention 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
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
used in a wide spectrum of quality control, analysis and

monitoring techniques.
SUMMARY OF THE INVENTION

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
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effective amounts, and that such étabiiised cell
suspensions will remain active for much longer beriods
than those known hitherto. | o -

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,
g o )
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, thé invention'
provides an unseparated stabiliéed whole blood
preparation capable of lysis in which the stabilising

agent comprises effective amounts of a heavy metal
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compound, ' particularly a heavy metal salt, and
paraformaldehyde, and a method of stahilising a whole

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 separated from lysed
whole blood are 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
invention prouides an alternative method for the
preparation of stabilised whole blood in which the lysing
and separating steps can be omitted. |
| The inirention will now be particularly described _
with reference to the manufacture of stanilised whole
blood preparations for use in laboratory quality control

procedures, although it will be appreciated 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

find application in the manufacture of stabilised cell

suspensions from sources other than blood, for example

microbial cells, plant cells and . similar materials

derived from living tissue.

I
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In this specification, a suspensionlof cells capable
of lysis is defined as:.a'suspension of cells, such as,
for example, whole human blood, in which.specific cell
populations can be selectively 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 aqueous 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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The-process of stabilising the whole blood sample_is

_usually performéd'within 24 hours of venesection but is

 preferably performed within 2 hours.

The fresh whole blood, containing an anticoagulant,

-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
are thdse 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.

Particularly good results have been obtained uéing

chromium compounds, _such as, for example, chromic

' salts, for example,_chromic chloride CrCl,, and aluminium

compounds, for example alumihium chloride AlCl,.

The heavy metal compound can be dissolved in the
appropriate concentration in an agqueous solution which is
buffered 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,
phosphate buffered saline solutions.

Preferably, however, the heavy metal compound is
stored as a relatively concentréted solutiqn. for

example, as a 1% w/v solution and is diluted to the
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desired'concent:ation3léve1 with an.appropriaté aqueous
buffer solution before use. With'tﬁe'pteferréd_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
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is preferably_ discarded ' after 12 months _and more
preferably after 6 months. |
The aqueous solution of the heavy metal compound is
preferably ad_ded to tae whole blood pre_paration as an
isotonic solution in which the optimum £inal

concentration of the heavy metal compound is preferably

less than 1% w/v, more preferably from 0.005% to 0.75%

w/v, still more pr_efera_bly 0.01% to 0.5% w/v and m_ost'
preferably from 0.05% to 0.25% w/v, for example, 0.1%
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.

' 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,
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

o:der to avoid the reversion | of paraformaldehyde 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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old, and no older than one month, preferably no older

than two weeks.

In-a preferred aspect of the invention, it has been
fornd that veiy good resﬁl‘cs are obtéi:lxed | by niixing the
paraformaldehydé, preferably in aqueo_us 501uti'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
amount of from 0.01% to 0.5% w/v. Pfeferably the ratio
of heavy metal compound to parafo:maldehydé in the
solution is in the range of fro:;l 5:1 to‘ 1:50, for
example, around 1:3.5. _

Preferably the aquéous’ paraformaldehyde séiution has
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
compoufxd solution c_.én be made, for example, by mix.ing a
0.7% w/v solution of pafaformaldehydé with an equal

volume of a 0.2% w/v solution of the heavy metal

' compound.

Exposure to the paraformaldehyde or mixed solution
is preferably from 6 hours to 24 hours at a tempefature
range of from O to 8°C, preferably from 2 to 6°C, for

example, about 4°C.
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The interval between the sequential treatment stages
1) and 2) is preferably at least 30 minutes, more
preferably at least one hour, still more preferably at
least 12 hours, for example 24 hours.

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 can, but need not necessarily be, that optained
from the original donation. Bacterial growth inhibitors
and antibiotics for example gentamycin are preferably

also added to the final preparation. The preparation is

- then retained at between 0°C and 8°C for from 1 to 5 days

before use.

All the_above procedures are preferably carried out

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 manufacture of a stahilised whole
blood preparation according to the invention, it is

possible and may be preferable to pool. a number 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,
either before or after the stabilisation of the whole
blood preparation. 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)



WO 95/27203 ' PCT/EP95/01259

10

15

20

25

14
to normal whole blood to provide a -Qu'ality ':céntrol for
CD34+ cell measurements. | |

The stabilisation process can be applied to both
normal and leukaemic ceils 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 necesSify 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
quality 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
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derive walues for antigens that may be of specific
inte::est.- Furthermore, the preparation can be used to
qualitj control the differential obtained from the flow
cytomater. This is a parameter thatf is used for the
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
techniques are termed no-wash, no-,-lyse._ The whole blood
preparatiens of this invention can be used to provide
qua_lity _control for these techniques and cah also be used
on flow cytometers that analyse no-wash, no-lyse
procedures. '

In general the stabilised whole blood preparations
ef the invention can be used in quality control of UV
microscopy and flow cytometric immunophenotyping

techniques, both of the whole blood lysis and whole bloed.

non-lysis techniqgues. |

Investigations with preferred embodiments of the

_stabillis_ed' whole blood preparations of the. invention show

that they are also suitable for use in immunocytochemical

analysis using +techniques such as the alkaline -

phosphatase anti-alkaline phosphatase immunocytochemical

_technique (APAAP) and can for example be used to

determine the antigenic profile of leucocytes on
peripheral blood__ smears. They can be used as a day to

day reference materials or in external (inter-laborator_y)
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quality control. Multiple smears can be made in advance
and then stored at -20°C until use. ‘The smears can be

stained on a daily basis, or used as controls when

_staining other smears.

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.

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
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
to carry out this technique in their own homes.

The invention is illustrated by the following

Examples:
EXAMPLE 1
A stabilised whole blood preparafidq is made up as

described below and its'ageing Characterisﬁics compared

with a similar untreated whole blood sample.
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Preparation
1. Venesect a unit of 500ml of blood into a sterile
venesection pack : confainihg 600mg of
5 ethylenedianinetetraacetic acid (disodimu 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.
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12. Place at 4°C for 2 - 3 days until use.

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)-
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
employing the whole blood lysis téchnique' and the
positive leVels”related'to the negééive controls (a)
Forward & side scatter (FSC & SSC) chafacteristics, (b)
CD3 PE & CD20 FITC, (c) CD3 FITC & CD4 PE, (d) CD3 FITC
& CD8 PE. ' -
| 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
expression of the antigens describéd in:Figure b, c & d
over a 10 day period 3a.(i).(ii) (iii) Day 1;.énd 3b (i)
(ii) (iii) pay 10. o
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Figures 4a and 4b show the stability 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

- 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
cytometric leucocyte differgntial on "fresh" blood over

a period of 8 days. Further analysis after day 8 was not

'pOSSible due to marked deterioration of <the sample.

Analysis used a FACScan flow cytometer.
Figure 7 shows the stability of the flow cytometric

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
zfplmdle 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
analyser.

Finally,.Figure 10 shows the measurement of red cell

folate for samples of the stabilised whole blood

This Sheet Has Been Rep
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preparation and fresh _'stored' whole blood over a 50-day
period. | |

The flow cytometric profile in Figure 1 shows the
normal position of the 1-;rmphocyt'e's;__ monocytes and
granulocytes after lysis of' the red cells.. The antigen
staining characteriétic’s 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 fluo,reédence | 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 ('Figure' 4b). 1In addii:ion
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
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instability of the “fresh" whole blood over an 8 day
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
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.

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.

EXAMPLE 2

A stabilised whole blood preparation is made up as
described in Exéniple 1, except that the ;r_eact:l.ons with
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
(Figure - 116) and | negative control (Figure 11lb)
charactefistids, as determined by flow cytometry upon the
stabilised whole blood preparation, at 11 days post

stabilisation.
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Figure 12 (a), (b) and (c) shbws.the.stability of
the antigens CD3, CD4, CD8, and CD19 as measured by flow
cytometry at 11 days post stabilisation.

Figure 13 (a) and (b) shows the stability of the
FSC, SSC and negative control characteristics as
determined by flow cytometry, upoa the stabilised whole
blood preparation, at 29 days postistabilisation.

Figure 14 (a), (b) and (c) shows the stability of
the antigens CD3, CD4, CDS8 and CD19 as measured by flow

cytometry at 29 days post stabilisation.
EXAMPLE 3

A stabilised whole blood preparation is made up as
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. | |

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

Figure 16 (a), (b) and (c) show tbe stability of the
antigens CD3 C_b4', CDB and CDl19 as measured by flow
cytometry at 11 days post stabilisation.

Figure 17 (a) and (b) shows the stabili_tjr of FSC,

SSC and negative control characteristics as determined by
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flow cytometry wupon the stabilised whole blood

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
'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. |

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
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,

except combinations where at least some of such 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
serving the same, equivalent or similar purpose, unless
éxpressly sta_ted otherwise. ‘Thus, unless expressly

stated otherwise, each feature disclosed is one example
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only of a generic series of"équivalent or similar
features. | |

The invention is not restricted to the details of
the foregoing emhodimenf(s)._ This in&éhtidn extends to
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.
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1. A method of treating a suspensior_i ‘of cells capable
5 of lysis, to produéed 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,
séquentially 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 éccording to claim 1, in whiéh the cell

suspension is a whole blood preparation.

3. A method according to c.laim' 1 or 2, in which the
heévy métal is aluminium or a transitién metal.
25 ' |
4. A method according to any of the preceding claims,

in which the heavy metal compound is a metal salt.
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A method according to claim 4, in which the metal

salt is chromic chloride.

A methsd according to claim 4, in which the metal

salt is‘aluminum chloride.

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

- in which the agueous solution of a heavy metal

compound has a pH of from 6 7 to 7.4.

A method according to any of the preceding claims,
in which the heavy metal'compound is stored as a
relatively concentrated solution and is diluted with

an aqueous buffer solution before use.

A method according to any of the prededing clainms,
in which the aqueous solution of a heavy metal
compound is aged by being allowed to stand for at

least one week before use.

A method according to any of the preceding claims,
in which the aqueous solution of the heavy metal
compound is added to the cell suspension as a 0.01%

to 0.5% w/v solution.

A method écéprding to ény-of the preceding claims,
in which the cells are exposed to the aqueous

solution of the heavy'metal'compound for a period of
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from 5 minutes to 18 hours at a temperature of from

0°C to 8°C.

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

0.5% w/v aqueous solution.

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

a pH of from 6.7 to 7.4.

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
éompound having a pH in the range of from 6.5 to

7.5.

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

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

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.

A method according to any of the preceding claims,

in which steps 1) and 2) are carried out
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sequentially at a time interval of from 1 hour to 24

hours.

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

stabilisation of the whole blood preparation.

A method according to Claim 18, in which the cell

line compfises CD34+ cells.

A method according to any of the preceding claims

substantially as déscribed in Ekample.l.

A method according to any of Claims 1 to 19,

substantially as described in Examples 2 and 3.

A method according to any of the preceding claiﬁs

substantially as hereinbefore described.

A method according to claim 2, in which the whole
blood preparation hés been obtained by pooling

samples from different blood donations.

A stabilised cell suspension prepared by'a method

according to any of the preceding claims.



WO 9527203

25.
26.

5
27.

10
28.

15
- 29.

20
30.

25

29
A stabilised whole blbo_d preparation substaﬁtialiy

as desdribed in the Examples.

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 foi‘ the quality control of any of zinc
protoporphyrin, red cell folate,- total white cell
count and lymphocyte count blood monitoring
techniques in which there is usgd as a quality
control reférence material a stabilised whole blood '

preparation according to Claim 27.
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31. A method for monitoring blood sugar levels in the
treatment of diabetes in which there is used as a
calibration material a stabilised whole blood

preparation according to Claim 27.



