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ABSTRACT

A process for the purification of factor XIII, monoclo-

nal antibodies against factor XIIIA, the preparation and

use thereof

A process for the purification of factor XIII or XIIIA
by immunocaffinity chromatography, monoclonal antibodies
against factor XIIIA, the preparation thereof and the

use thereof are described.
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Description

A process for the purification of factor XIII, mono-

clonal antibodies against factor XIIIA, the preparation
and use thereof

The invention relates to a process for the purification
of factor XIII or XIIIA by immunoaffinity chromato-
graphy, to monoclonal antibodies agailnst factor XIIIA,
and to the preparation thereof and the use thereof.

Factor XIII is a transglutaminase which stabilizes
fibrin, which 1s formed in the last phase of blood
coagulation, by forming covalent linkages between fibrin
monomers. Factor XIII is found, inter alia, in blood
plasma and in platelets. In plasma 1t occurs as a
complex of A and B subunits which are not linked to-
gether covalently. Only the free A subunit 1is present in
platelets. Only the A subunit is necessary for the
fibrin-stabilizing action. A deficiency of factor XIIIA
(congenital or acquired) results 1in serious disturbances

of coagulation which can be treated by replacement of
factor XIIIA.

Several processes are known for purifying factor XIlIA
from various starting materials but are associated with

certaln disadvantages such as 1nadequate purity of

factor XIIIA, many purification steps and low yields.

In the purification of proteins from human tissues or
body fluids for therapeutic purposes, a high purity is
associated with a low risk of transmission of virus
particles. In the purification of recombinant proteins
from foreign organisms, very high purity is indispen-
sible in order that proteins from the host cell which
are potentially l1mmunogenic are removed as far as
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possible. Purification of factor XIII by affinity
chromatography using monoclonal antibodies is therefore
a method which both results in improved virus safety
(in the case of purification from human tissues or body
fluids) and facilitates the required purity of

recombinant products being attained.

Purification by immunocaffinity chromatography has been
described for a variety of proteins. However, not every
monoclonal antibody is suitable for purifying enzymes or
other bilologically active molecules by means of immuno-
affinity chromatography because the conditions required
to dissociliate the antigen-antibody complex (for example
extreme pH values or high concentrations of chaotropic
salts).frequently lead to 1rreversible destruction of
the biological activity of the antigen Purification of
factor XIIIA by immunoaffinity chromatography has also
already been described (Gniewek, R.A. et al. (1985) Fed.
Proc. 44:1070) and entailed antibodies against the B
subunit being i1mmobilized on a support and the complex
of factor XIIIA and factor XIIIB being adsorbed from
plasma. Factor XIIIA was then dissociated from the B
subunit and thus eluted from the affinity gel. It is not
pessible to use this process to purify factor XIIIA from
human placenta or from recombinant cells, each of which
contain only free factor XIIIA.

An object of the invention is therefore to develop a
process for the purification by immunoaffinity chromato-
graphy of factor XIII or XIIIA from starting materials
such as plasma, placenta or extracts or culture superna-
tants of recombinant cells which contain the genetic
information for the factor XIII A chain.

surprisingly, monoclonal antibodies against factor XIIIA
which are suitable for purifying factor XIII or XIIIA
from the said starting materials have been found.
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The invention thus relates to a process for the
purification of factor XIII or XIIIA by means of
immunoaffinity chromatography, which comprises a
solution which contains factor XIII or XIIIA being
contacted with a monoclonal antibody against factor
XIIIA which 1s bound to a support material (affinity
material), separating the affinity material and liquid
from cne another, and eluting factor XIII or XIIIA from
the affinity material in biologically active form.

Monoclonal antibodies for the purpose of the invention
include the immunoreactive fragments, which are known

per se to the person skilled in the art, of monoclonal
antibodies such as, for example, F(ab')z' F(ab) or F_

fragments or antigen-binding single chains of antibody
molecules or derivatives thereof.

The monoclonal antibodies against factor XIIIA described
in the literature belong to the IgM class (Lynch, G. et
al. (1985) Thromb. Haemost. 54:274). IgM antibodies are
in general not as suitable as IgG antibodies for immuno-
chemical processes because they often have a lower

specificity and affinity.

An object of the invention 1s therefore also to prepare
monocleonal antibodies, preferably of the IgG class,

agailnst factor XIIIA.

Monoclonal antibodles against factor XIIIA of the IgG
class have been obtained after immunizing mice several
times with purified factor XIIIA at intervals of four

weeks.

The invention thus also relates to monoclonal antibodies
against factor XIIIA, preferably of the IgG class,

excepting the IgM class.
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Monoclonal antibodies can be prepared by the method of
Kohler and Milstein (Nature 256:285-308) or by one of
the many variants of their method (for example Goding,
J.W. (1980), J.Immunol.Meth. 39:285-308), which are
Known per se to the person skilled in the art, for
example in the following way: Mammals, preferably mice
or rats, are immunized by several injections at inter-
vals of 1 - 8 weeks, preferably 4 -~ 6 weeks with a
ligquid containing factor XIII, preferably an emulsion of
purified factor XIIIA in Freund's adjuvant. For the last
injection, factor XIIIA 1s administered 1n agueous
solution, preferably intraperitoneally or intravenously,
3 - 5 days before the planned date of fusion. To obtain
antibody-producing cells, an immunized animal 1is sac-
rificed, a lymphatic organ, preferably the spleen, is
removed and the lymphocytes are set free. In order to
obtain antibody-producing cells which grow permanently
in cell culture, the lymphocytes must be immortalized.
This c¢an be carried out in a variety of ways, for ex-
ample by transformation with Epstein-Barr virus or
retroviruses. However, the lymphocytes are preferably
fused with myeloma cells. Particularly suitable myeloma
cell lines are those which do not secrete
immunoglobulins, for example the cell lines SP2/0-Agl4
or X63~-Ag8.653. The cells can be fused by incubation
with polyethylene glycol (PEG) with a molecular weight
of 1000 -~ 6000 in 30 - 60 % strength solution, but other
processes such as, for example, electrofusion are also
sultable.Hybrids of lymphocytes and myeloma cells

(hybridomas) are selected and grown by cultivation in a
suitable nutrient medium.

The hybridomas are tested for the production of specific
antibodies 1 - 3 weeks after the cell fusion. A large
number of test systems which are known per se to the
person skilled in the art is available for this. An
ELISA test system in which factor XIII 1s adsorbed onto

a so0lid phase 1is preferably used. The cell supernatants
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of the hybridomas are initially contacted with the

factor XIITI on the solid phase, and subsequently factor
XIII-specific antibodies are detected by incubation with

an enzyme-labeled antibody against mouse IgG and subse~-
quent addition of a chromogenic substrate for the

labeling enzyme. Cells which produce specific antibodies
agailnst factor XIITA are cloned by plating out under
microscopic inspection or by the limiting dilution

method. Clonal cell lines are grown in vitro for

obtaining antibodies.Monoclonal antibodies are obtained from
the spent culture medium of the cells. A large number of
processes 1s avallable for this. An affinity chromatography on

immobilized protein A or factor XIIIA is preferably carried
out.

The purified monoclonal antibodies are then tested for

their suitability for the immunocaffinity chromatography.
To do thils, the individual monoclonal antibodies are

coupled to sultable support materials by processes
familiar to the person skilled in the art. Various
materials are used as supports in affinity chromato-
graphy, for example derivatives of agarose, polyacryl-
amide or cellulose. The antibodies can be coupled after
activation of the support, for example with cyanogen
bromide, carbodiimide or by oxidation of adjacent
hydroxyl groups with periodate. A large number of other
support materials and coupling methods are known to the
person skilled in the art. In principle, every customary
support material and every coupling method which do not
impalr or impalr only slightly the activity of the
coupled antibodies are suitable.

The affinity gels with the various monoclonal antibodies
are then tested for their suitability for purifying
factor XIIIA. To do this, a factor XIIIA-containing
solution 1s pumped through the affinity gel, and the
factor XII]l activity in the flow-through is determined.
Gels to which the factor XIIIA is adsorbed are tested
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for the possibility of native elution of factor XIIIA.
In a preferred procedure, the binding of factor XIIIA to
the immunoaffinity gels takes place in a buffer of low
ionic strength, at a pH between 5.5 and 8.5 and at a
temperature of 4° C to 37° C. The buffer preferably
contains 0.01 - 0.05 mol/l tris or phosphate and 0 - 0.1
mol/1l NaCl. The subsequent dissociation of the antigen-
antibody complex to obtain purified factor XIIIA fre-
quently requires conditions under which the activity of
factor XIIIA is irreversibly destroyed. This is why
antibodies which allow dissocilation of the antigen-antibody
complex with retention of the factor XIII activity are
required. It 1s possible in principle to use various mild
eluents, for example certaln organic solvents, detergents,
aqueous solutions of high 1ionic strength or combinations of
various eluents. Preferably used to elute factor XIIIA are high
concentrations of an alkall metal or alkaline earth metal saltﬁ
for example 0.5 - 3 mol/1l NaCl in a buffer with 0.01 - 0.05
mol/1l tris or phosphate at a pH of 5.5 - 8.5.

The following examples 1llustrate the invention.

Example 1

Preparation of the immunizing antigen (purified factor
XIIIA)

a) Preparation of an immunoaffinity gel for purifying
factor XIIIA

Polyclonal antibodies against factor XIIIA were
purified from antiserum against factor XIIIA (Beh-
ringwerke) by affinity chromatography. To do this, 10
ml of antiserum were pumped through 50 ml of protein
A-RSepharose™ (Pharmacia). The gel was washed with 500
ml of 0.14 mol/]l Na2HPO4, pH 8.0. Bound antibodies
were eluted with 100 ml of 0.1 mol/l glycine, pH 3.0
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and adjusted to pH 6.5 with 1 mol/l tris, pH 8.0. The
antibodies were dialyzed against 0.1 mol/l trisodium
citrate, pH 6.5 (coupling buffer) and coupled to
RSepharose™ 4B activated with cyanogen bromide: 15 g of
RSepharose™ 4B activated with cyanogen bromide were
suspended in 1 mmol/l HCl, packed into a chromatography
column and washed with 1000 ml of HCl (1 mmol/l). The
column was subsequently equillibrated with 50 ml of
coupling buffer, and the gel was transferred into a
closeable vessel containing 40 ml of the purified
antibodies (2 mg/ml in coupling buffer) and shaken at
room temperature for two hours. The gel was then re-
turned to the column, washed with 100 ml of coupling
buffer, placed i1in a closeable vessel containing 100 mkl
of ethanolamine-HCl (1 mol/l, pH 8.0) and shaken at room
temperature for two hours. The gel was again transferred
into the column and washed alternately with 300 ml each
of 0.1 mol/1l sodium acetate, 1 mol/l NaCl, pH 4.0 and
0.1 mol/1l tris, 1 mol/1l NaCl, pH 8.0. The procedure was
repeated 5 times. Finally, the gel was equilibrated with
0.01 mol/1l Na2HPO4, 0.01 mol/l NaH2PO4, 0.15 mol/l NacCl,
pH 7.2 (PBS) and was then ready for use.

b) Purification of factor XIIIA

2500 units of placental factor XIII (RFibrogam-
min™ Behringwerke AG) were dissolved in distil-
led water and pumped through the immunocaffinity
gel. The gel was washed with PBS, and once the
absorption at 280 nm was below 0.02 was eluted
with 0.2 M glycine, pH 2.5. The eluate contained
factor XIIIA which appeared as a single band in
SDS polyacrylamide gel electrophoresis.
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Example 2
Preparation of monoclonal antibodies against factor XIIIA
a) Immunization of mice

Female BALB/c¢ mice were immunized by subcutaneous
injection of an emulsion of 50 ug of factor XIIIA
(prepared as in Example 1) in complete Freund's
adjuvant (day 1). 30 ug of factor XIIIA, emulsified
in incomplete Freund's adjuvant, was likewise
injected subcutaneously on each of days 28 and 56.
This was followed on day 92 by an intraperitoneal
injection of 100 ug of factor XIIIA in 0.5 ml of

physiological saline.
b) Fusion of lymphocytes with myeloma cells

On day 95, after removal of the spleen, lymphocytes
were obtained by mechanical disintegration (about 1
x 108 cells). The lymphocytes were washed in
Dulbecco's modified Eagle's medium (DMEM), mixed
with 5 x 107 cells of the myeloma cell line SP2/0-
Agl4 and spun down. The supernatant was completely
removed and then 0.5 ml of a 50 % strength solution
of polyethylene glycol 4000 in DMEM was added
dropwise to the cell pellet over the course of one
minute. The suspension was incubated at 37° C for
90 seconds and subsequently diluted by addition of
7.5 ml of DMEM over a period of 5 minutes. After
incubation at room temperature for 10 minutes the
volume was made up to 40 ml with DMEM, and the
cells were spun down. The supernatant was aspirated
off and then the cells were resuspended in DMEM
containing 20 % fetal calf serum (FCS) and 13.6
mg/ml hypoxanthine, 0.18 mg/ml aminopterin, 3.9
mg/ml thymidine (HAT medium) and inoculated on 6
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microtiter plates (200 ul per well). Used medium
was replaced by fresh at intervals of 3 - 4 days,

and HAT medium was replaced by HT medium after 10
days.

Assay for antibodies against factor XIIIA

14 days after the fusion, the cell culture superna-
tants of the fused cells were assayed for antibo-
dies against factor XIIIA by an enzyme lmmunhcassay:
polystyrene microtiter plates were incubated with
0.5 ug/ml factor XIIIA in 0.1 mol/l NaCl, 0.1 mol/l
sodium acetate, pH 5.5 (4° C, 24 h). Subsequently
cell culture supernatants were applied (37° C, 2
h), followed by incubation with a peroxidase-con-
jugated antibody against mouse IgG. The substrate
used was a solution of 0.1 % (weilight/volume)
2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic
acid) and 0.012 % (volume/volume) H202 1in 0.1 mol/l
citric acid, 0.1 mol/l Na2HPO4, pH 4.5. After
incubation at 37° C for 30 min, the absorption at
405 nm was measured. Between the individual incuba-
tion steps the wells of the assay plates were
washed with PBS/Tween™.

Cloning of antibody-producing cell lines

Cells whose supernatants showed a strongly positive
reaction (absorption > 1.5) in the enzyme immuno-
assay described were cloned by the limiting dilu-
tion method. For this, about 60 cells in DMEM
containing 20 % FCS and 5 % RHECS (Costar) were
distributed over the 96 wells of a cell culture
plate. Individual clones were 1identified under the
microscope and assayed for antibody production. The
cloning was repeated twice.
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e) Purification of monoclonal antibodies

Clonal cell lines were transferred into roller
bottles and cultivated in Iscove's modified Dul-
becco's medium to produce antibodies. Cells were
removed by centrifugation and filtration through
paper filters and the supernatant was concentrated
about 10-fold by ultrafiltration. The concentrate
was passed through protein A-RSepharose™ cr-4B
(Pharmacia), and bound IgG was eluted with 0.2
mol/]l glycine/HCl, pH 3.0. The proteln-containing
fractions were dialyzed against 0.1 mol/l citrate,
PH 6.5, and concentrated to about 5 mg/ml by

ultrafiltration.

Example 3

Purification of native placental factor XIIIA by immuno-
affinity chromatography

Lyophilized concentrates of placental factor XIII
(RFibrogammin?ﬁBehringwerke AG) were dissolved in
distilled water. 10 ml portions of the solution (corres-
ponding to 600 units of factor XIII with a specific
activity of 5.2 U/mg) were pumped through an affinity
gel with a monoclonal antibody (purified as 1n Example 2
and coupled as in Example 1 to RSepharose™ 4B activated
with cyanogen bromide). Subsequently unbound protein was
washed off the column with 100 ml of washing buffer
(0.03 mol/1l NaCl, 0.02 mol/l Na2HPO4, pH 7.4). Factor
XIITA was eluted with washing buffer which contained 1
mol/1 NaCl. The specific activity was 90 - 105 U/mg; the
protein appeared as one band with a molecular weight of

75,000 Dalton 1in SDS polyacrylamide gel electrophoresis.
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE
PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

1. A process for the purification of coagulation factor XIll or XIIIA by
immunoaffinity chromatography, said process comprising:

a) contacting a solution which contains factor Xlil or XIlIA with a monoclonal
antibody bound to a support matrix;

b) separating the solution from the support matrix, and;

c) eluting factor Xlll or XIlIA from the support matrix in a biologically active
form,

wherein said monoclonal antibody binds the alpha subunit of factor Xl or
XHIA and wherein said monoclonal antibody is of the IgG class.

2. The process as claimed in claim 1, wherein an immunoreactive fragment of
said monoclonal antibody is bound to the support matrix.

3. The process as claimed in any one of claims 1-2, wherein a buffer which

contains 0.5-3 mol/l of an alkali metal or alkaline earth metal salt is used for
elution.

4. A monoclonal antibody of the IgG class which specifically binds to the alpha
blood coagulation factor XIIIA, wherein said monoclonal antibody enables the
elution of factor XIlIA bound to said antibody with retention of the biological |
activity of said factor XIIIA.

5. A monoclonal antibody as claimed in claim 4 bound to a support matrix.

6. A process for purifying factor Xiil or XllIA wherein a monoclonal antibody or
antigen binding fragment thereof is used and wherein said monoclonal

antibody binds the alpha subunit of factor XIIl or XIlIA and said monoclonal
antibody is of the 1gG class.
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