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(57) Abstract

A monoclonal antibody having specificity for an antigenic determinant of a B-type blood cell. The monocional anti- -
B, produced by a hybridoma cell (the preparation of which is described). affords a defined, specific and cheap bloed .
grouping reagent. The monoclonal antibody is defined by its specificity and functionai affinity.
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MONOCLONAL ANTIBODY

Field of the Invention

This invention relates to the field of biotechnology
and concerns particularly the use of a monoclonal anti-

body as a blood grouping reagent.

Background of the Invention

The introduction of foreign material (antigenic
material) dinto the body of a vertebrate animal provokes
an immune reaction, the intent of which is to prevent the
antigenic material causing damage to the bedy and to fac-
ilitate the removal of such material from the body. The
immune system achieves this by producing immunoglobulin
molecules (hereafter_referred to as antibodies) which
have the property of selectively recognising and binding
to characteristic sites on the antigenic material. These
sites are known as determinants and an antigen may pos-
sess one or more such determinants. Antibodies génerated
by the immune system each have specificity to only one
determinant but a number of different antibodies may be
produced if the antigenic - material against which anti-
bodies are raised possesses more than one determinant.

The primary function of antibodies is to protect the
body from harmful foreign material, by agglutinating it,
thereby assisting the normal body processes to remove the
material.

The agglutination of antigenie material by anti-
bodies does however have ‘a practical use outside the body
in the field of blood grouping.

Red blood cells (erythrocytes) have on their surface
a number of different, and distinctive antigenic deter-
minants, the character of which determinants allows the
classification of blood into groups, or types (for example,
A, B, O, A1B, AZB’ Bcord;‘ It is essential in the trans-
fusion of blood from a donor to a recipient that the

transfused blood be of the same group as that of
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cipient's blood, for if it is not, the immune system of
the recipient will generate antibodies against the un-
familiar determinants upon the surface of the transfused
erythrocytes. The reaction of such antibodies with
foreign erythrocytes forms. the basis of the technique of
blood grouping.

In broad terms the grouping of blood samples relies
upon the detection of agglutination or otherwise of ery-
throcytes in the sample when antiserum to the determinants
found on the surface of that group of erythrocytes is
added. The agglutination is a macroscopic effect which
can be readily discerned by eye or detected automatically
by machine.

The major source of blood grouping reagents has
hitherto been through the hyperimmunisation of human sub-
jects. This involves the introduction into a2 human

subject of a substantial, but non-lethal, dose of a blood

. serum of a type different from that of a human subject.

This provokes the normal immunological response resulting
in the production of antibodies in the blood of the
subject, a sample of which blood may be subsequently
removed and an antibody preparation made therefrom. Such
a preparation may be used to group an unknown blood
sample since it will cause a visible flocculation or
agglutination of the erythrocytes if the unknown blood
sample is of the same type as originally introduced into

the human serum donor.

In practice there are two types of blocod grouping test.

(Dunsford, F; Bowley, C: Technigues in blood grouping:
2nd Ed (1967). In the first, a sample of blood to be
grouped is placed upon a blood grouping tile (see:
British Pharmacopeoia: Determinaticn of ABO donors).

This is then mixed upon the tile with a sample of anti=-
serum. Any subsequent agglutination indicates that the
unknown sample of blood being grouped belongs to the same
blood group as the group against which the antiserum was

raised. In practice such tile agglutination grouping

i)
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tests areroutinely carriedout in emergencies.
In the second type of experiment the blood.sample to

be grouped is placed together with an antisefum in saline

solution in a tube and allowed to stand for a standard

period (2 hours). The presence of agglutination may then

be estimated by the sedimentation that has occurred within

the standard period. Under emergency conditions a centri-
fuge may be used to expedite the test.

The efficacy of a particular bload grouping reagent
is judged by the speed with which it forms agglutinants
and by the manner in which its ability as an agglutinin
varies with concentration. '

The former of these criteria is commonly referred to
in the art as M"avidity". The avidity time of 2 particular
blood grouping reagent is defined as the time taken for
the mixing of the blood sample with the reagent to the
time at which a noticeable agglutination of the sample has
occurred.

In order to.determine the dilution characteristics
of a blood grouping reagent a saline agglutination titremay
be measured. This measurement comprises preparing a num-
ber of equal volume, 2 fold, series, saline dilutions of
the blood grouping reagent to be tested. To each dilution
sample is added a known amount of the appropriate erytho-
cyte suspension. The same amount of suspension
is added to all dilutions. Each dilution sample is left
to stand for a standard period (usually 2 hours) at the
end of which an agglutination count'is made under a micro-
scope. The sample of highest dilution at which substant-
ial agglutination occurs is determined and that dilution
is termed the "saline agglutinatién titre”". A reagent
having a high saline agglutination titre is therefore a

potent agglutinin.

Two problems are evident with the production of anti-
bodies to erythrocyte determinants using the technique of
hyperimmunisation of a human subject. Firstly, donations

of blood serum are in limited supply and nowadays with the
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increasing frequency of major surgery the need for blood
grouping has increased markedlf. This places a strain on
the supply of human blood serum which is also in demand.
for other medical uses. 1In addition, the agglutination
effect of naturally produced antibodies to erythrocytes.
tends to give somewhat variable results. One reason for
this effect is that the immune response prepares a

'cocktail' of antibodies each component of which cocktail

- has a specific action on a determinant as discussed above.

It is impossible to separate the various antibodies in
this cocktail and so conventional antisera contain mix-
tures of antibodies and the mixtures vary from animal to
animal (even within the same genus and from day to day).
The same set of determinants is not present an all eryth-
rocytesof the same group, which results in the response
being in mahy cases very variable.

In summary a reagent suitable for blood grouping
must be: )

1) specific for the appropriate antigen,

2) sufficiently potent to give good macroscopic reactions
to the weaker blcod groups by emergency as well as
routine methods of blood grouping,

3) stable under the canditions of use,
and

4) readily available at reasonable cost.

Recent advances in molecular biclogy have provided

a technique for the production of highly specific anti-

baodies by the producfion of a hybrid cell (or hybridoma)

from an antibody-producing spleen cell and a myeloma cell.

This technique, the work of Kohler and Milstein (Eur.

J. Immunol. 6, 292-295 (1976); Nature 256, 495-497 (1975);

Eur. J. Immunol. 6, 511-519 (1976) provides a method for

producing a limitless source of antibody. The antibodies

produced are termed monoclonal antibodies since the

hybrid cell elaborating them produces only one type of

immunoglobulin molecule i.e. only immunoglobulin specific
to one determinant. Hybridomaicells combine the two
’ SUREAD
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desirable features of erloma cells and lymphécytes.

That is myeloma cells have an immortal character and ean
self-replicate in vitro, whilst lymphocytes have the de-
sirable property of'eXpressing-antibodies. Such hybrid
cells -are therefore a pérmanent source of pure, defined
immunoglobulin. The process used for producing hybrid
cells commonly comprises the steps of immuniéing a
mouse with the appropriate antigen and after allowing
sufficient time for the immune reaction to take place;
sacrificing the animal and removing its spleen. A cell -
suspension may then be prepared from the spleen, and this
suspension is mixed with a suspension of mice myeloma
cells. Polyethylene glycol may be used to promcte fusion
of the two cells. -The resulting individual hybridoma

cultures, having derived from one lymphocyte cell, speci-

fically produce one type of antibody, that_is an anti-
body specific to one particular determinant.

This technique has been used by Voak et al (Vox
Sanguinis 39 134-140 (1980)) to produce a monoclonal anti-
body to the determinants of A-type erythrocytes and such
monoclonal anti-A's have been shown to be useful blood
grouping reagents.

However, it has widely been thought that the immuni-
sation of mice with B-type human blood cells will not
produce spleen cells capable of fusion with myeloma cells
to form hybridoma cells elaborating anti-B immunoglobulin.

We have surprisingly found that this is not the case
and that successful fusions may be readily obtained, '
resulting in hybridoma cells expressing monoclonal anti-

B with high efficiency thereby producing a high avidity
specific blood grouping reagent with a useful saline
agglutination titre profile. Furthermore, it has proven
possible to define an equilibrium copstant and a dissoci-
ation rate constant for the immunocomplex formed between
the monoclonal anti-B and B type blood cells. Hitherto
such quantitative analysis of the strength of the immuno-

complex formed between a blood grouping reagent and red
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blood cells has not been possible since previously known
blood grouping reagents have comprised mixtures of immuno-
globulin of differing specificity. The best figure t.hatv
could be achieved former].}; was thereforean average value.
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STATEMENT OF INVENTION

According to the present invention we provide é mono-
clonal antibody which has specificitf for an antigenic
determinant of a B- type blood cell.

In this context the term B- type blood cell is to be
taken to include all red blood cells passessing one or
more antigenic determinants found solely upon B-type blood
cells. Examples of blood types which have such determin-
ants are B, A, B, AZB and Bcord

The monoclonal antibody is preferably a mouse, IgM,
monoclonal anti-B lmmunoglobulln.

Preferably the monoclonal antibody is capable of
causing agglutination of a sample of B-type blood having
the said determinant. We have found that particularly
useful such properties result when the monoclonal antibody
is such that the equilibrium constant of the interaction
between said antibody and B-type blood cells is greater

than 1.3 x 107 M-1, especially when such equilibrium

constant is greater than 1.2 x 108 M_1. The values of the
equilibrium constant referred to in this specification are
functional affinities, that is to say measurements made of
the interaction between.polyvalent antibody (IgM) and red
blood cells. In-this respect they differ from intrinsic
affinities which are derlved for interactions between
univalent antlbody (IgG) and antlgen. Intrinsic affinit-
ies are not directly coméérable to functional affinities.
Values calculable for the monoclonal antibody of the
present invention are subject to the assay used, these
being fully described in the description which follows of
the characterisation of the monoclonal antibody.

According to another aspect of the invention, the
monoclonal antibody is such that the rate constant of the
dissociation reaction of an immunocomplex comprising said
antibody and B-type blood cell of blood group B is less

than 2.2 x 10”2 sec” ! and preferably less than 7.6 x 10
-1

-4

sec
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In another aspect of the invention the monoclonal
antibody is such that the rate constant of the dissociat-
ion reaction of an immunccomplex comprising the monoclonal
antibady and'B-tipe blood cells of blood group A1B is less

than 5.0 x 1072 sec™! and preferably less than 3.4 x 10°°

sec” T,

The values of the dissociation constant referred to
in this specification are functional affinities as describ-
ed above. )

The invention also provides a process for preparing
the said monoéional antibody comprising injecting a mouse
with a group B substance, sacrificing the mouse, removing
itsrspleen and forming a suspension of spleen cells; fus-
ing the spleen cells with mouse myeloma cells to form
hybrid cells; cloning said hybrid cells; and causing said
cloned hybrid cells to secrete said antibody.

Preferably the said hybrid cells, before cloning,

- are subjected to selection.

Preferably the said myeloma cells are NS1 cells.

The invention also includes a monoélonal antibody producead
by the process described above, hybridoma cells capable

of secreting the said monoclonal antibody and a blood
grouping reagent comprising the said monoclonal antibaody.

Brief Descriptidn of the Drawings

Figure ‘1. 1s a graph of the equilibrium binding of

» 1251 labelled anti-B antlbodles with group B erythrocytes.

Figure 2 is a modified Scratchard plot of the equil-
1251 labelled anti-B antibodies with

group B -e;ythrocftes.

ibrium binding of

Figure 3 is a graph showing the dissociation rate of
1zsl-labelled anti-B antibodies from group B erythrocytes
at 4°C and at room temperature.

Figure 4 is a graph showing the dissociation rate of
1ZSI-labelled anti-B antibodies from 2 x 106 or A1B

erythrocytes at room temperature.

PRy
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General Description of the Preparation of the.Hybridoma

Cells

Suitable mice were found by assay of serum samples

for anti-B activitf after absorption with group 0 cells
to remove anti-species antibaodies. A mouse with an
anti-B agglutination titre of 1:8 after absorption was
injected intraperitoneally with 100ug group B substance
in 0.1 ml complete Freund's adjuvant (Difco Bacto), this
was repeated 5 weeks later and boosted after a fur-
ther 9 weeks with 200 ug B substance in 0.1 ml saline
intravenously. Three days later the spleen was removed

and a cell suspension was prepared.

Spleen cells (108) were fused with mouse myeloma NS1
cells (107) using polyethylene glycol (Cotton et al
Eur. J. Immunol., 3, 135 - 140° (1973); Dunsford and
Bowley see above; Galfre et al Nature, 266, 550 - 552
(1977)). Growing cell hybrids were selected by their
ability to produce specific anti-B activity, detected
in the culture superhatant by agglutination assays
using human A, B and 0 erythroctes. Anti-B secreting
hybrids were cloned twice on soft agar, grown up even-
tually into 1 litre spinner-cultures in Dulbecco's
Modified Eagle's Medium‘(DMEM Gibco Biocult) supple-
mented with 5% v/v foetal calf serum (FCS, Sera-Lab).

The cloned'hybrids_are stored in liquid nitrogen.

Tissue culture supernatant containing the monoclonal
antibody was prepafed by centrifugation to remove cells
and debris, filtration through millipore filters and
addition of 10 mM Hepes buffer and 0.1% sodium azide.
Aliquots of each batch were then stored at 49C for

routine use or -2068C for stocks.

¥y
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Detailed Description of the Materials and Method Used

in the Preparatlon of the Hybrld Cells - s

Mice and Rats

B10.BR, C3H/He-mg and other mice were obtained initially
from OLAC, 1976 Ltd (Bicester, GB) and then from Medi-
cal Research Council. stocks bred from OLAC animals.

AKR mice came from Bantihg and Kingman (York, G.B.).
(C3H x BALB/c)Fj mice and

Lou, DA and AQ rats were bred in the Medical Research
Council animal house; Wistar, PVG, WAG and Sprague-
Dawley rats were from Banting and Kingman.

Mice for testing and immunization were 6-8 weeks old.

Immunizations

Human Group B substance used in immunizations

Dr.W. Watkins (Clinical Research Centre, Harrow, G.B.)
provided human B (and A) substance which is the phenal
(95%) insoluble, ammonium sulphate (100%) insoluble,

~ethanol (45-55@) insoluble and watersoluble extract of

freeze dried ovarian cyst Flui&, derived by the method

of Morgan (1965). They are glycoproteins, consisting

of 80-85% carbohydrate (L-glucose, D-galactose, N-acetyl-
D-flucosamine, N-acetyl-D-galactose), 15-20% amino

acids (with a predominance of L-threonine, L-serine and
L-proline) and 1-2% sialic acid. They were received
lyophilized and were dissolved to 2 mg/ml in 0.9% saline
and stored at -200C.
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Preparation of an emulsion of B substance in ébmplete

Freund's Adjuvant (CFA)

1 ml B substance at 2 mg/ml in 0.9% saline was added

to 1 ml CFA (Difco Bacto, a mixture of Bayol F, oil

and mannideoleate detergent and containing Mycobacte-
rium tuberculosis). The mixture was y;gorouslf homo -~
genized in two 5 ml glass syringes (Chance, Warlef,
G.B.) connected at right angles by a Z—way tap and .
cooled intermittently on ice, until a white cream formed
(takes 10 - 20 ﬁin) which did not disperse when a drop
was placed on water. CFA is still one of the best

potentiators of immune response (see Bomford, 1980).

Repeat injections were given at different sites since

granulomata may form.

Immunization Schedule

To find suitable mice, non-immunized animals were tail
bled and the serum, after absorption with group 0.
erythrocytes to remove anti-species antibodies, was
assayed by tube agglutination with B erythrocytes.
Female B10.BR mice and C3H/He-mg mice aged'6-8 weeks
having high anti-B titres were injected intraperiton-
eally (i.p.) with one of 3 preparations: 100 ug B
substance in 0.1 ml CFA (see below), 10 ug B substance
in the same or 0.1 ml packed group B erythroctes washed

4 times. Mice were tail bled 2 weeks later.

B10.BR mice which had high serum titres were given a
repeat i.p. injection of 100 wg or 10 ug B substance
at 5 weeks,'or a repeat of 0.1 ml cells af 3, 4 and 5
weeks after the first injection. Mice were tail bled
at l'week, 3 weeks and 6 weeks after the last injec-

tion.
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9 weeks after the 2nd injection of 100 ug, Bl18.BR mouse
2 was injected with 200 wg B substance in 0.1 -ml saline.
3 days later the spleen was removed and a cell suspen-

sion was prepared for fusion with myeloma cells.

Collection of sera

0.5 ml tail blood collected in plastié tubes was allowed
to clot at 37°C for lh and loosened from the tube to

aid clot retraction. Separated sera were diluted with
0.9% saline, incubated. for 20 min in a 56°C water bath

and absorbed with 0 or Aj; cells as required. Aliquots

‘'were stored at -200C.

Preparation of monoclonal antibodies to blood group B

The general outline of the procedures folloivs

the basic principles laid down by Kohler and Milstein.

(see abave for references)for making monoclonal antibo-

dies with desired reactivity:

Spleen cells HGPRT ase +ve
Specific Ig +ve
Terminally differentiated

Myeloma cells HGPRT ase -ve
: Specific Ig -ve
Immortal

Hybrid cells HGPRT ase +ve
Specific Ig +ve

Immortal

Unfused myeloma cells lack HGPRT ase and hence die in
selective medium (Littlefield, Science 145, 709-710
1964). Unfused spleen cells do not survive in tissue

culture. Only hybrids of spleen cells and myeloma cells
) Y REAT
OMPL

/A/m; WwirO -

w



WO 82/03089

10

15

20

25

30

35

PCT/GB82/00076
13 -

have both HGPRT ase and immortglity and hence survive;
those secreting antibody of the required specificity
can then be selected, i.e. hybrid cells have the advan-

tages of both parent cells. |

Stock solutions

50% polyethylene glycol (P.E.G.) solution

10 g P.E.G. 1500 (BDH Lot 6573370) was autoclaved and
transferred immediately ta a 459C water bath, followed
by addition of 10 ml DMEM at 37°C.

Aminopterin stpck 1000X

Aminopterin (Sigma) was dissclved at 0.176 mg/ml in
0.008 M NaOH slightly warmed, and stored in the dark

at -209C.

HT stock 100X

136.1 mg hypoxanthine (Sigma) and 38.75 mg thymidine
were dissolved by boiling in 100 ml DDW and stored in

50 ml aliquots at -200C,.

50 ml DMEM
50 ml HT 100X

The made up solution was filtered (Millipore, pore size

0.22 um) and stored in 13 ml ‘aliquots at -209C. On

thawing, HT was redissolved by warming to 60-70°C.

HAT medium 50X

45 ml DMEM
50 ml1 HT 100X
5 ml Aminopterin 1000X

OMPI
2T WIPO oY
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The solution was filtefed, stored and thawed =s abave

in 13 ml aliquots.

HAT in 20% FCS-DMEM (HAT medium)lX

400 ml DMEM
100 ml FCS (Batech 901112)
8 ml P/S o
8 ml Glutamine
6 ml Pyr.
10.6 ml HAT medium 50X
(1.0 x 107%M hyposanthine, 4.0 x 10~7M aminopterin,
1.6 x 107°M thymidine) '

‘HT in 20% FCS-DMM (HT medium)lX

10.6 ml HT 50X replaced -HAT 50X in the above recipe.
Thus, the following terms will be used:

Serum free DMEM DMEM + PS + glut. + pyr.
20% FCS- - DMEM Serum free DMEM + 20% FCS
HAT medium = 20% FCS - DMEM + HAT

20% FCS - DMEM + HT

HT medium

Production and early selection of anti-B8 myeloma hybrids

Cell fusion was performed as described by Kohler et al.,
(see above for references). In preparation, the fol-~
lowing media were equilibrated overnight at 37°C in an
atmosphere of 5% €0y in air (Leec incubator) :1) 50%

PEG solution 2) serum-free DMEM and 3) 20% FCS-DMEM
including 1.5 ml aliquots distributed in 48 Linbro wells.

On the morning of the fusion the spleen was removed
aseptically and the cells were teased ints 10 ml serum-
free DMEM and transferred to a 10 ml centrifuge tube.
Allowing 5-10 min for cell clumps toc sediment, s;spen-

sion cells were removed :with a pipette and washed twice
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in serum-free DMEM. The one spleen gave 1.4 x 108 .
suspension cells. 108 of these were collected in $-l0
ml serum-free DMEM. At the same time 107 m?eloma NSI
cells growing in spinner culture at 2.6 x 106/ml were

washed twice and resuspended in 5 ml serum-free DMEM.

Media containing spleen cells (108) and myeloma cells
(107) were pooled in a.SD ml Corning tube and the cells
were pelleted by centrifugation at 400 g for 5 min,
RT. and the medium was aspirated as completely as
possible using a Pasteur pipette attached to an aspi-
rator pump. With the tube supported in a 370C beaker
of water, 1 ml of 50% PEG solution (equilibrated, at
370C) was added gradually over 1 -min, followed bf gen~-
tle stirring for a further 1 min with the pipette tip
used for addition. The suspension was then diluted

by the slow addition of serum-free DMEM (equilibrated,
at 379C) at 1 ml/min.for 2 min, 2 ml/min for 4 min,

10 ml dropwise and then freely to 50 ml, gently agi-
tating the tube with each addition. Following centri-
fugation (400 g for 5 min) the cells were suspended.
in 25 ml 20% FCS-DMEM (equilibrated) by gentle pipet-
ting with the 24 ml pipette used for addition. The
fusion mixture in 20% FCS- DMEM was then distributed
in Q,S ml aliquots-into 48 Linb£0 wells containing

1.5 ml of equilibrated 20% FCS-DMEM.

As feeder cells, the remaining spleen cells were dilu-
ted and added dropwise at about 4 %:.10%/well. Culture
trays were then incubated at 379C in an atmosphere of

5% C0p in air and over 45% humidity.

The following day (day 1) and on days 2, 3, 7 and 11
post cell fusion, the top half of each culture medium
was removed (using a separate Pasteur pipette for each
well to avoid possible cross contamination) and replaced

with an equal volume of HAT selective medium (Little-

field, 1964) equilibrated with 5% COy in air. —
SUREAQ
g OMPI
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Cultures were inspected daily for hybrid grdwth and pos—r
sible contamination with ieasts or microorganisms, -
leaving cultures outside the incubator as briefly as pos-
sible. When the»growth~ofcéllmonolayer neared confluence
(about 14-21 days after cell fusion) - about the same
time that the medium was turning from (phenol)'red to
yellow - culture supernatants were first tested (b§
agglutination with A, B and O red cells). Positive
cultures were subdivided that day by suspending the
cells with a 1 ml pipette and transferring 1 ml of -
cell suspengion to 1 ml of HAT medium (equilibrated,
at 379C); the original culture was replenished with
HAT medium. Split cultures were grown in separate
incubators to guard against incubator failure and were
periodically assayed by agglutination and frozen as
early as possible in liquid N2 in FCS containing 10%
DMSO. Negative cultures were retested when the medium
was yellow. Any contamination by yeasts or micro-
organisms was dealt with by adding 45% EtOH add after
5 min aspirating the culture and washing the empty well
with EtOH. Any spilt medium on the culture tray was

always immediately aspirated.
At 4-10 days after initial testing of fusion wells,
subcultures were retested and aliquots of positive

cultures were frozen or prepared for cloning.

Isolation of hybrid clones secreting anti-B

Cloning of cells from selected cultures was performed
on soft agar, as described by Cotton et al (see abave
for reference). A solution of 0.5% agar in HAT medium
was prepared by adding 50 ml of 1% agar (Difco Bacto)
in 0.9% saline to 50 ml HAT-DMEM 2X (100 ml 2X DMEM =+
4 ml P/S + & ml glut. + 3 ml pyr. + 75 ml FCS + 7.8 ml
50X HAT), both at 450C. The agar mixture was pipetted
into 9 cm petri dishes (Nunc) at 15 ml/dish and all-

owed to set with the lid off inside a laminar flow



WO 82/03089 PCT/GB82/00076

10

15

20

25

30

35

. 17 -
tissue culture hood for 5 min, and then equilibrated

in a gassed incubator for 30 min.

To 1 ml of cells in a series of 6 threefold dilutions
in Linbro wells made DMEM, 1 ml 0.5% agar HAT-DMEM was
added. The 2 ml mixture was evenly layered over the set

agar, air dried as before and incubated at 379C in an

atmosphere of 5% C0p in air.

After 14-20 days discrete macroscopic cell colonies

had formed, many arising from single cells. These were
picked from dishes containing the least number of colo-
nies (normally 10-20) using a finely drawn Pasteur
pipette, and seeded intoc Linbro wells containing 1 ml
of HAT-DMEM equilibrated in a gassed incubator.

Following the usual cycle of culture growth, tésting
for agglutination, splitting up cultures and freezing
some in liquid Ny, selected clones were weaned off HAT
by serial transfer of half the culture to an equal
volume of HT-medium for 2-3 passages and , then tao 20%

FCS-DMEM, taking 5-6 days in all.

Cells were recloned as before but in 20% FCS-DMEM con-

~ taining 0.5% agar. Twice cloned lines were selected

(1) for the ability of culture supernatant to give
strong agglutination with red cells and (2) for rapid
high density cell growth. Chosen clones were adapted

to growth in low FCS by serial transfer every 2 days

of half the culture to media containing 10%, 5% and 2.5%

FCS respectively.

Cloning by limiting dilution, with feeder cells

This method was used for hybrid cells which did not grow
successfully when plated at low density on agar. Cell
suspensions were diluted in a twofold series to 1 in

32 in Linbro wells, preparing several rows. To resp
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tive rows was added 100 pl of growth medium containing

one of each of the following as feeder cells: |

(1) 4 x 10° B10.BR thymus cells

(2) 4 x 105 B10.BR spleen cells

(3) 4 x 107 X irradiated 373 mouse fibroblast
cells (20,000 rads at 1 rad/sec)

(4) &4 x lDS_mitomycin treated* B10.BR.thymus cells

(5) 4 x 10° mitomycin treated* B10.BR spleen cells

(6) Nil

.Hyhrid cell growth was compared at low dilutions for

suitability of picking isolated colonies.

*0.1 ml Mitomycin C (Sigma) at a.5 mg/ml in EBSS was
added to 1 ml of medium containing 107 cells, followed
by incubation for 30 min at 379C and 3 washes.

 Storage of hybrid cells in liquid-No

Frozen hybrid stocks were ‘prepared from exponentially
growing cells at 2 - 8 x 102 cells/ml. Pelleted cells
from 10 ml culture supernatant were resuspended in

2 ml of 90% FCS - 10% DMSQO (i.e. at about 106/ml) and
split into 2 sterile freezer vials (lOS/vial). Vials

were cooled on ice for 2-4h, then overnight in the

_vapour phase of a Linde liquid Ni tank and finally

immersed in liquid N. This should cool cells at about
19C/min.

To grow cells from frozen stocks, a vial was rapidlf
thawed in a 379C water bath and the contents slowly
diluted in 10 ml growth-medium. Pelleted cells (400g,
5 min) were resuspended in 5 ml 5-10% FCS-DMEM.

Vials of 107 cells were prepared from spinner cultures

so that a 50 ml culture could be immediately started.

~BUREZ T
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Nomenclature of antibody secreting hybrid cells

the anti-B producing clone NB1/19.112.28

e.g.

Each hybrid is designated by a title which refers to
the fusion experiment - in this case the N in NBl refers

to the parental myeloma NSl; B refers.to anti-B spleen

cells.

The first number - here 19 - refers to the initial

uncloned culture well from which that clone was derived.

Subsequent numbers - 112 and 28 - define the culture
wells in which selected clones are grown following the

first and second agar clonings respectively.

Culture wells in a Linbro tray are numbered 1-24 or

lettered Al-1D6. . Thus, if 5 trays are used, wells go
from 1-120 or 1Al-5D6. o

The complete designation refers to the cell clone, the

.produced monoclonal antibody and its antigenic specifi-

city.

SOREAD
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Characterisation of the Monoclonal Anti;B

Three stable tissue culture lines (NB1/19.112.28, NB1
6.36.36 and NB1/48.30.40) of cloned anti-B producing cell
hybrids were derived from a fusion between mouse spleen
cells primed by group B anﬁigen and a mouse myeloma line.
The tissue culture supernatant containing secreted mono-
clononal antibody was tested from each ©f the three lines
separately. , .

Samples of human anti-B from the Blood Croup Refer-
ence Laboratory (BGRL No.7327) and from a commercial
supplier were used, each taken from the same batch, to
assess the efficiency of the monoclonal anti-B produced
by the hybridoma cell. .

Haemagglutination tests were carried out according to
Dunsford and Bowley (see above). Red cells were from ACD
or clotted samples (from the Regional Blood Transfusion
Centre, Cambrige) less than 7 days old and'were washed
A times before use. 20% red cell suspensions in saline
were used for tile tests and 2% suspensions for the
standard 2 hour tube gravity sedimentation test. Enhance-
ment tests used 2% papainized cell suspensions or 20%
bovine albumin. Antibody dilutions were made in saline.’

In the standard 2 hour tube sedimentation test, fully
grown culturé supernatants gave anti-B agglutination titres

as shown in Tablez1.
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The differences among the three monoclonal antibeodies
were repeatable in these and the other tests described.
The antibody NB1/19.112.28 consistently gave excellent
results. '

As may be expected A,B adult and B cord cells gave
slightly lower titres than adult AZB and B cells, reflect-
ing the weaker B status of the former cell types.

All the reagents tested gave adequate agglutination
with all cell types in the hanel, but the activity of
NB1/19.112.28 even with the 6 examplesof weak cord bloods -
shown in the table was outstanding. The range of
NB1/19.112.28 activity with five different A1B bloods
(not shown in the table) was 256-1024 (average titre 512),
compared with 16.32 (average 32) using the BGRL anti-B.

In a further experiment the saline agglutination titres of
NB1/48 and NB1/19 purification productswe;a measured with
% B aﬁd A1B cells. Fractions of purified NB1/48 and
NB1/19 were microfuged and carefully diluted in PBS
(phosphate buffered saline) gntil A280 = 1.00 (i.ef at

1% = 10. Ammonius

1 cm, 280
sulphate cuts of culture supernatant (from which the

100 pg/ml), assuming that A

fractions were purified) were microfuged and diluted to
1/16 in P.B.S. Serial 2 fold dilutions were made in P.B.S.
pH 7.4 by accurate pipetting with a Hamilton syringe
rinsed four times between each pipetting action. Zslpl'
aliquots of each dilution were incubated in glass tubes
with 25‘pl of 2% red cells (5 x 106) suspended in P.B.S,
at pH 7.4 for 2 hours at room temperature. Cell pellets
were carefully transferred onto glass slides and scored
for agglutination. In this experiment culture super-
natants used were as in Table 1 above. The results are

given in Table 2
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In Table 2;
c means "complete agglutination"

v means "very strong agglutination™

4+ ) ' .
+) intermediate degrees of agglutination
(+))
5 GW means "getting weak"

W means "weak™"

In tile agglutination tests which reflect antibody
avidity, the weaker reactions of B cord and AqB adult
cells, compared with adult B and AZB cells, discriminated

10 more clearly the anti-B activities of the different

reagents. These results are given in Table 3.
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With A1B and B cord cells monoclonal anti-B NB1/19.
112.18, used unconcentrated and without additives, pro-
duced. within seconds a strong agglutination reaction
similar to that seen with the commercial reagent. Al-
though the BGRL reagent gave macroscopically adequate
results the speed and extent of clumping were inferior.

In a further experiment the tile agglutination times
of 20% B and A1B red cells by NB1/48 and NB1/19 purifi-
cation products were measured. The reagents used were
those described in relation to Table 2 except that the
red cells were used at ZD%LZJFI aliquots of each dilution
were mixed with 20 gl of red cells on an opaque glass
tile and rocked regularly. A pedal operated stop watch
was started at the moment of mixing. Table 4 shows the
time (sec) far agglutination to occur and the extent of
agglutination after 5 minutes. The extent of agglutin-

ation is as defined in relation to Table 3, e.g. 13V

. indicates that + agglutination occured after 13 seconds

and that there was very strong agglutination after 5

minutes.
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The results obtained with doubling dilutions of
different reagents are givenin Table 5 and are.an
indication of the relative potencf of NB1/19.112.28.
Diluted fourfold, for example, the preparation of culture
supernatant under test gave a satisfactory reactiaon with

A'lB cells relative to the commercially available anti-B

serum.
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Not everi monoclonal antibody with ABO specificity
is equall§ suitable for blood grouping. In the examples
given here two of the three monoclonal anti-B were less
adequate blood grouping reagents, although their propert-
ies were comparable to the BGRL standard.

The specificity of the monoclonal anti-B allows for
aquantitative functional affinity to be measured. The
functional affinity ma? be expressed in two ways.

Firstly the functional affinity may be expressed as
an equilibrium constant for the association reaction
between a molecule of monoclonal anti-B IgM and a B
determinant (of the corresponding immunochemical type)
upon an erythrocyte. The equilibrium constant (hereafter
K) is obtained by first measuring the equilibrium binding

1zsl—labelled anti-B antibodies with group B

amount of
erythrocytes at different levels of bindable antibody

present in solution. The experiment was performed as

" follows:

All assays were performed in duplicate. Linear
1251-—labelled NB1/19 and NB1/48 were
prepared in buffer'(O.B%,BSAfEBSS + 10 mM Hepes + 0.1%
NaN; pH 7.4) by accurate pipetting using a Hamilton sy-"
ringe rinsed- 5 times between tubes. 2§Fl portions of
1251 1abelled antibody were added to 1.5 ml Beckman
microfuge tubes fqllowed,by 15:pl of buffer containing

2 x 106 fresh grﬁup'B cells. Assay mixtures were in-
cubated at 4°C on a roller. At 6h 1.5 ml of ice cooled
buffer was rapidly added, and immediately followed by a
15 sec. microfuge spin and remaval of the supernatant,
the time form addition of buffér. to switching on the
microfuge being 2-4 sec. In control incubations, 2 x 106
A1 cells replaced B cells, and the binding of 1251
labelled NB1/19 and NB1/48 which was respectively 1.2 -
2.0% and 0.9 - 1.2% of added bindable counts was sub-
tracted from the experimental values. The results are

125

shown in Figure 1 in which the amount of I-antibody

bound {(cpm x 1052) is plotted against the amount of bind-
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able antibody added (pg) for NB1/19 and NB1/48. It is
possible from these graphs to prepare a modified Scratch-
ard plot of the equilibrium binding characteristics of
125I-labelied anti-B with group B erythrocytes. Such a
graph is given in Figure 2, in which values are shown for
both NB1/19 and NB1/48, the latter being presented on a
larger scale in the inset graph. In both cases extropol-
ation to the x-axis gives the amount 5% antibody bound
at saturation. _

The equilibrium constant may be readily calculated
from the Scratchard plot.

In the alternative the'Functional affinity - may be
expressed as a dissociationrate constant for the dissoci-
ation reaction of an immunocomplex formed between a
molecule of monocloqal anti-B IgM and a B-determinant (of
the corresponding immunochemical type) upon an erthyrocyte.
The dissociation rate constant (hereafter k_1) may be
calculated from @ graph of the dissociation with time of
125I—labelled monoclonal anti-B from erythrocytes by
measuring the gradient of a tangent to the dissocciation
curve constructed through zero time.

In one experiment the rate of dissociation of 1251-
labelled anti-B antibody from group B erythrocytes at 4°C
and RT was measured, in conditions of cold antibody excess.
25 pl portions of 1ZSI—labelled';\lB1/19 (bindable antibody:
6.0 x 10° cpm,. 50 ng) or NB1/48 (9.0 x 10° cpm; 124 ng)
were added to 1.Sahl microfuge 1ubes, followed by 25 upl of
buffer (0.8% BSAfEéSS + 10 mM Hepes + 0,.1% NaN3 pH 7.4)
cpntaining 2 x 106 group B erythrocytes. The mixtures
were incubated at 4°C on a roller. After 1h, to 4 of these
tubes 1.5 ml of ice cool buffer was rapidly added and the
cells were immediately pelleted with a 15 sec. spin in an
Eppendorf microfuge. The supernatant was rapidly removed
and the cells transferred for measurement of bound radio-
activity (cpm).

To the remaining assay tubes incubated 2h was added

25 Fl of a 125 times ammonium sulphate concentrate of
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NB1/19 culture supernatant, diluted 41/10 in buffer. The

,75‘Fl mixtures were then incubated at_4°t or RT on a roll-

er. At various times (15 min - 24 h) 1.5 ml of cold
buffer was ‘added, and the cells were immediatel? pelleted
and counted as above. In control incubations 2 x 106 Al
cells replaced group B cells, and the binding of NB1/19
and NB1/48 after an incubation of 1h at 4°C which was
1.1% and 1.9% of the added counts were substracted from
the experimental values. Binding was then expressed as

a percentage of the counts bound at the end of the 2h
1251 1abelled
NB1/19 and NB1/48 was 9.1 x 10% cpm and 715 x 10% cpnm

respectively.

preincubation period. 100% binding by

In the final reaction mixture, cold NB1/19 was
present in at least 40 fold excess over labelled anti-
body, assuming that the concentration of monoclonal anti-
body in culture supernatant is at least 1D)Jl/ml.

The results are shown in Figure 3 in which:

a) shows dissociation over a 24hr period, and

b) shows the first 45 min replotted on an expanded

time scale.

In a further experiment the rate of dissociation of
1251 1abelled anti-B antibodies from 2 x 10° B or A,B
erythrocytes at RT. in conditions of cold antibody excess.
Experimental procedures were identica; ta thosedescribed
in Fig. 6.19, e#bépt phat:following the addition of cold
antibody to antigen-labelled antibody complex, the cells
were pelleted at 2 min intervals throughout at 10 min
period. Treatment of results were identical. The

following values were used or cbtained:
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- .- ~ - .- a T a
DO s (2 e linal




WO 82/03089 PCT/GB82/00076

- 33 -

Added bindable Background x 100%

1251 ap x A, cells  binding
(cpm) (ng) (1% added - values

cpm) (cpm)
5  Fig(i) [NB1/19: 6.9 x 10° 58 0.3% 1.3 x 10°
[NB1/48: 9.0 x 105 124 0:5% 5.2 x 104
Fig(ii)[NB/1/19: as above as above 3.7 x 104
[NB1/48: 4.1 x 10°

The results are shown in Figure 4 in which:
10 graph i) represent B group erythrocytes and

graph ii) represenfs A1B group erythrocytes.

The functional affinities measured by the above
experiments and the characteristics measured by other
tests described above are summarised below in respect of

15 NB1/19.112.18 and NB1/48.30.40. '
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Finally some experiments were conducted to assess the

PCT/GB82/00076

efficacy of NB1/19.112.28 as s blood'g;éuping reagent -

in automatic grouping machines, its selectivity when

using papainized red blood cells, and its thermal stabi-

lity.

Aqtomated'blood typing tests were performed with the

latest Autogrouper 16C with optical density reading and

microprocessor printout. The reagents were enhanced

using 1% methyl cellulose and 0.25% bromelin.

Maonoclonal antibody NB1/19.112.28 culture supernatant

diluted 1 in 15 was assessed on the autogrouper 16C

with 844 citrated donor bloods.

The results shown in

Table 8 were excellent and were the same as those obtai-~

ned using BGRL anti-B diluted 1 in 10 on the same sam-

ples. Neither reagent gave false positive or false

negative results.

Number Poéitive Negative

tested reactions reactions

B 28 28
AjB 5 E
B 64 64
A 355 0
0 392 0

0
0

0

.355
392

Table 8 Automated donor grouping with monoclonal anti-B

NB1/19.112.28

In the tube and tile saline tests described above, and

in the automated tests using cells enhanced with 1%

methyl cellulose and 0.25% bromelin, monoclonal anti-B

never reacted with Ay or 0 cells.

The anti-B8 specifi-
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city of NB1/19.112.28 was also maintained with papain-

ized red cells and using 20% albumen as shown in Table

9 below.

Marginal enhancement of NB1/19.112.28 aggluti-

nation activity was seen ir these tests and was most

noticeable with papainized A;B cells.

Monoclonal anti-B

Human anti-B

NB1/19.112.28 BGRL 7327
Saline Papain Albumin Saline Papain Albumin
AjB 256 1,024 512 16 32 16
A,B 512 1,024 1,024 32 32 64
B 512 1,024 1,024 32 64 32
Ay - - - - - -
0 - - - - - -

Table 9 - Effect of papain and 20% albumin on aggluti—

nation titres at room temperature

In tests for stability 2 ml aliquots of undiluted NBl/
19.112.28 culture supernatant were exposed to different
conditions and retested at room temperature for titre

and avidity.

Repeated freezing and thawing (see Table 10) failed to

reduce the level of anti-B activity.
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No. of freeze/ - Agglutination AyiditQ'time (sec)
thawings titre x A;B cells X A;B cells
1:1 sup *1:2 sup
x 1 1,024 -5 7
x 2 1,024 4 7
x 3 1,024 5 7
x 4 1,024 5 7
x5 512 5 7

*Di;utiohs made fqlloming'treatment af neat'supernataht
(Sup.)

TébieVlO - Stability'oF'monoclonal'anti-B (NB1/19.112.28)

- tg freeze/thawing.

Tests of thermal stability over short periods (seg table
11) indicate that monoclonal anti-B is stable to stor-
age at - 2(°PCand 4°C, and to incubation at 56°C.

Saline titre Avidity time (sec)
Treatment X AjB cells : x AjB cells

1:1 sup *1:2 sup *l:4 sup

2 wks at-200C 512 5 7 10
1 wk at 4°C 512 5 6 9
24 h at 200C 512 5 7 9
24 h at 37°C 512 5 6 9
% h at 56°C 512 5 6 9

*Dilutions made after treatment of neat supernatant
(Sup.) '

Table 11 - Tempéﬁafﬁré sehsitiQitQ'of Nél/i9.112;28 VBUREAI;
OMPI
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Neat culture SUpernatantvhas-é’potency at least equal
to that of a h}perimmune commercial reagent, without
the use of additives. It gives a rapid tightl§ agglu-
tinated tile reaction suitable for detecting the weaker
types of B (A;B and B cord cells) encountered in rou- .
tine grouping work. It can also be used reliably for

automated typing.

Twice cloned antibody-producing hybrid cell lines have

been adapted to growth in large tissue culture vessels
and, on repeated passage, continue to secrete antibody
of uniform properties. Large volumes of active cul-~
ture supernatant generated by continuous growth have
the advantage of requiring far fewer screening tests
than is currently needed to produce the same volume
of human reagent from a large number of individually-

screened serum donations, considerably easing the tes-

.ting workload. Moreover, the low cost of £5 for the -

materials to make 1 litre of potent culture superna-
tant could be further reduced by using an acceptably

diluted (Table 5) preparation of active supernatant.




WO 82/03089 PCT/GB82/00076

- 40 -
CLAIMS:

1. A monoclonal antibody which has specificity for an
antigenic determinant of a B-tfpe blood cell.

2. A -monoclonal antibody having specificity for .an
antigenic determinant of a B-type blood cell and capable
of causing agglutination of a samplé of B-type blood cells
having the said determinant. -

3. A monoclonal antibody as claimed in claim 1 or 2
which is such that the equilibrium constant of the inter-
action between said antibody and B-type blood cells is
greater than 1.3 x 107 w1,

4. A monoclonal antibody as claimed in claim 3 which
is such that the equilibrium constant of the interaction
between said antibody and B- type blood cells is greater
than 1.2 x 108 w77,

5. A monoclonal antibody as claimed in claim 1 or 2
‘which is such.that the rate constant of the dissociatien
reaction of an immunocomplex comprising said antibody and
B-type blood cells of blood group B is less than

2.2 x 1072 sec™ 1"

6. A monoclonal antibody as claimed in claim 5 which

is such that the rate constant of the dissociation react-
ion of an immunocomplex comprising said antibody and

B-type blood cells of blood group B is less than

7.6 x 1074 sec™1.

7. A monoclonal antibody as claimed in claim 1 or 2
which is such that the rate constant of the dissociation
reaction of an immunocomplex camprising said antibody and
B-type blood cells of blood group A1B is less than

5.0 x 1072 sec™ 1.

8. A monoclonal antibody as claimed in claim 7 which .
is such that the rate constant of the dissociation

reaction of an immunocomplex comprising said antibody

and B-type blood cells of blood group A1B is less than

3.4 x 10'3 sec’1.
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9. A process for preparing a monoclonal antibody as
claimed in claim 1 comprising injecting a mouse with a
group B substance, sacrificing the mouse, removing its
spleen and forming a suspension of spleen cells; fusing
the spleen cells with mouse mfeloma cells to form hybrid
cells; cloning said hybrid cells; and cabsing said cloned

hybrid cells. to secrete said antibody.

10. A process as claimed in claim 9 wherein said

hybrid cells, before cloning, are subjected to selection.
11, A process as claimed in claim 9 or 10 wherein said

myeloma cells are NS1 cells.

12. Monoclonal antibody produced by the process of

claim 9.

13. Hybridoma cells capable of secretihg monoclonal

antibodies as claimed in claim 1 or 2.
14. A blood grouping reagent comprising a monoclonal

antibody as claimed in claim 1 or 2.
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