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(57) Abstract: Extracorporeal blood treatment
is performed daily on a large number of pa-
tients by use of for example a dialysis filter,
plasma filter or a centrifuge. The purpose of the
treatment is to separate minor components and
molecules in a liquid or in the blood from larg-
er ones, for example in connection with differ-
ent disease conditions or with a view to extract-
ing blood plasma, target substances such as
blood components or molecules from for exam-
ple blood donors. According to the present in-
vention two separation steps are used together
with a solution or a suspension containing at
least one component, which specifically may
bind to the component or the blood component
to be specifically reduced, or to be refined/ex-
tracted during the treatment or during the blood
treatment.
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Extracorporeal blood treatment is performed daily on a large number of
patients, e.g. by use of a dialysis filter, a plasma filter or a centrifuge.

The purpose of the treatment is to separate smaller components and mole-
cules from larger ones in the blood in connection with different disease
conditions or to extract blood plasma, target substances such as blood
components or molecules from blood donors.

In dialysis, plasma exchange (therapeutic plasma exchange, TPE) or double
filter treatments (DFPP, filters having different pore size for each treatment
are used.

In dialysis filters allowing passage of relatively small molecules (normally less
than 67,000 in molecular weight) are used. In plasma exchange blood filters
(unless a centrifugation method is used) having a larger pore size allowing
passage of all plasma components in the blood except red blood cells and
white blood cells are used. In the case of DFPP two filters are used, one
“coarse’ filter of the same type that is used in plasma exchange and a filter
having a smaller pore size separating plasma components depending on size.

Thus, all of the above-mentioned methods make possible a separation based
on molecular weight and size of the different blood components. However,
these methods do not give any biospecific separation, i.e. based on the bio-
logical specificity of each blood component.

Therefore, an approach called immunospecific blood treatment (IA) has been
introduced, wherein a biospecific column is used during the treatment.

IA makes possible a specific treatment, i.e. specific elimination or reduction of
a target substance during the treatment, e.g. immunoglobulin G, from other
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proteins in the blood, but also separation from proteins having a similar
molecular weight/size as immunoglobulin G.

Columns containing protein A are examples of these. These columns contain
covalently bound protein A. Other examples are immunoglobulin-based
columns for specific elimination of immunoglobulins or for separation of other
proteins from plasma. Other examples are columns having a covalently
bound blood group antigen with a view to specifically binding that part of
antibodies in the blood which is specific for the blood group determinants A
and B, respectively, while other antibodies and other blood components pass
through the column.

In |A a plasma filter (like in PE) or a centrifuge is normally used, which
continuously separates the plasma from the blood cells, and the plasma is
transported through a tube to a column in which the target protein/substance
is bound and thereby is specifically separated from other plasma compo-
nents. Blood plasma which has passed through the column is transported
back to the patient.

Thus, the IA treatment takes place in a system having two circuits, one blood
conduit leading away from and back to the patient with separated blood cells
after the plasma filter and a plasma conduit containing the IA column after the
plasma filter. The two conduits are connected before the retumn to the patient,
and the treatment is continuous.

The problem with the above-mentioned |A column treatment is that several
columns having different geometry and methods of production have to be
designed for the different specific treatments and that several types of
columns, e.g. protein A and immunoglobulin columns, become saturated and
have to be regenerated during the treatment. The flow rate through the
column is often a limiting factor and prolongs the treatment time. The size of
the patients and different degrees of abnormality to be treated make treat-
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ment with a column troublesome in view of the adaption of the treatment to
the patient.

A problem with the physical size-dependent PE and DFPP treatments is that
they are not specific and that they, in addition to the target substance/target
substances, also eliminate a large number of other important components in
the blood. This creates undesired side effects, e.g. not only antibodies are
eliminated, but also a large quantity of other important blood components in
DFPP. Replacement liquids containing e.g. albumin, IVIG injections for the
replacement of immunoglobulins, and coagulation factors pass through the
column and have to be replaced.

The present invention discloses a product and a method in which these draw-
backs are avoided or minimized.

In the present invention two separation steps are used together with a solu-
tion or a suspension containing at least one component which has the ability
to specifically bind to the component or blood component to be specifically
reduced or to be refined/extracted during the treatment or during the blood
treatment.

In one example of an embodiment of the present invention the two separation
steps are performed by use of two coarse filters. The term coarse filter is here
intended to mean a filter of the same or similar type which normally is used in
PE and having pores which allow the passage of plasma but not of red and
white blood cells. In an another embodiment according to the present
invention one coarse filter and one filter having a smaller pore size than the
coarse filter are used.

The component (called the Component below) used according to the present
invention to specifically bind to the target component/substance that is to be
reduced in the blood is soluble or forms a suspension in the buffer used
during the treatment.
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According to the present invention the treatment is performed in two connect-
ed steps. In step 1 blood celis are separated, for example, from plasma with a
coarse filter or a centrifuge, and in step 2 the separated blood plasma is
transported onwards and is mixed with the Component binding the target
components/substance, and in the subsequent blood filter the plasma is
separated from the Component having a bound target substance (antibody,
protein, virus, bacterium, bacteria component, cell). The plasma is then
returned to the patient, like in 1A and DFPP.

The separation of the Component and the Component having a target sub-
stance/component bound thereto takes place because these cannot pass
through the fiter in step 2, in contrast to the plasma. The treated plasma
having a reduced content of the target substance/component to be reduced is
recirculated to the patient via the blood conduit.

The treatment may be performed continuously or with interruptions with a
view to washing the second filter from the Component having a target sub-
stance/component bound thereto. The solution involving the Component may
continuously be transported to a “waste bag” during the treatment or be con-
tinuously returned to the second filter. This, as well as the chosen pore size,
the apparatus (there is a large number of commercially available filters, as
well as different centrifuges and machines for plasma treatments) are deter-
mined by the person skilled in the art, as well as the flow rates, the amount of
the Component, the treatment period, the temperature and the pressure in the
different blood and plasma conduits during the treatment, as well as other
parameters. Thus, this does not limit the scope of the present invention.

In this way several of the advantages associated with IA and DFPP are
obtained, and at the same time several of the disadvantages encountered
when using the IA and DFPP method, respectively, are avoided.
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The Component according to the present invention consists of at least two
partial components, i.e. one matrix and one ligand. The matrix may for
example be built up by dextran, polyehtyleneglycol or another substance or
polymer which is soluble in the aqueous buffer (e.g. PA buffer or saline buffer)
which is used with a view to dissolving the Component. The Component
contains at least one covalently bound ligand, e.g. biotin or another biomole-
cule having affinity to another biomolecule, virus, bacterium, bacterium com-
ponent or cell, such as a peptide, protein, immunogiobuline, enzyme,
saccharide (mono-, di-, tri-, tetra-, penta-, hexasaccharide or higher
saccharide).

The matrix may also consist of a non-soluble polymer, e.g. consisting of a
plastic or a polymer or a polysaccharide. There are several examples thereof
having several configurations and these do not limit the scope of invention. As
non-limiting examples cross-linked agarose in the form of porous micro-
particles, also commercially available as e.g. Sepharose, could be mentioned.
Several variants of this exist and do not limit the scope of invention. The
amount, the pore size and the size of the matrix, e.g. in the form of micro-
spheres or microparticles, do not limit the scope of invention. A typical size of
the matrix is from 1 micrometer up to 300 micrometers in particle size and any
average size of the patrticles within this interval.

The molecular size of the dextran, the polyethylene glycol and any other
soluble substance may be chosen by the person skilled in the art. Typical
sizes are any size within the interval from 100,000 to 1 million Daltons. The
size of the matrix is chosen, inter alia, with regard to the capacity and the fact
that the second filter used according to the present invention should not allow
passage of the matrix, wherein the treated plasma returned to the patient
does not contain the matrix and not the matrix having the target substance/-
component bound thereto.

The ligand is covalently bound to the matrix. This can take place by use of
one or more methods chosen by a person skilled in the art from a large
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number of different methods. This does not limit the scope of the present
invention. Non-limiting methods, e.g. the NHS, EDC, epoxy, CNBr, tosyl,
tresyl method, and a di-, tri-, tetra- etc, functional cross-linker etc, may be
used. Examples of bonds between the ligand and the matrix are for example
an amide bond between the ligand and the matrix, isourea, C-S binding, C-N
binding, etc. The ligand may be provided with a so-called spacer with a view
to distancing the matrix from the ligand, and the choise of this does not limit
the scope of the present invention.

The Component may also contain covalently bound biotin which may be used
with a view to binding avidin or streptavidin, to which the desired ligand
(protein A, another protein, antibody, saccharide) thereafter have been
covalently bound, e.g. with EDC, NHS, or a cross-linker. In this way the biotin
matrix may be used for several different target substances/components that
are to be reduced in blood.

A figure representing the treatment according to the invention is schematically
shown as a non-limiting example in Figure 1.

Several variants of the configuration above may be used according to the
present invention and do not limit the scope thereof. The plasma filter may be
replaced by a centrifuge, as well as the filter in step 2 above. The P repre-
sents pressure gauges. The Component with the ligand may be added
continuously or at the beginning of the treatment. The Component with the
ligand may be returned to the plasma conduit after passing through filter 2
(according to 2A above) or be transported to a so-called waste bag (accord-
ing to 2B above), or be collected after the treatment above with a view to
refining the target substance, in this case the substance to be extracted. In
the latter case the target substance may be eluted from the Component, e.g.
by a change of the pH, wherein for example antibodies and/or proteins are
eluted from the Component with a glycine buffer as a non-limiting example,
e.g. 0.1 M, pH 2.2 or another desired buffer, concentration, and pH chosen by
the person skilled in the art for the specific target substance.
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The patient in the scheme above may be replaced by blood donor plasma or
another liquid containing the substance to be refined or eliminated from the
liquid. In this case the blood donor plasma or said another liquid is treated
according to step 1 and step 2 above. The plasma or the liquid may be
collected with a reduced amount of the target substance. Alternatively, the
target substance may be collected after the elution from the Component.

As a non-limiting example, the blood donor plasma treatment may then be
used with a view to providing a plasma which for example is free from, or has
a reduced amount of, for example blood group specific antibodies (if the
Component contains blood group antigen). Alternatively, as a non-limiting
example, antibodies or proteins may be eluted from the Component after the
treatment and may be collected.

Non-limiting examples of the Component have been disclosed above. As
mentioned above, the Component may contain, as a non-limiting example, a
covalently bound saccharide, an antibody, or another protein, but may aiso,
as a non-limiting example, contain a covalently bound positively or negatively
charged molecule, e.g. a molecule containing an amine or a carboxyl group, a
hydrophobic organic molecule, e.g. an alifatic or aromatic organic molecule,
or e.g. a receptor substance, an amino acid, e.g. tryptophan or a monomeric,
oligomeric, or polymeric derivative thereof, or a peptid or a monomeric, oligo-
meric, or polymeric derivative thereof.

The Component may also consist of a polymer which has been produced in a
polymerisation of monomers in the presence of the target substance which is
to be refined or isolated, e.g. a drug substance or an environmental toxin, or a
degradation product. After washing the produced polymer, this is washed free
from the target substance. The resulting so-called imprinted polymer may
according to the present invention then be used for isolating of the target sub-
stance or refining of the target substance from the treated liquid. According to
the invention a coarse filtration of the liquid is made in such a way in step 1.
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Non-limiting examples of a saccharide which may be covalently bound to the
matrix in the component are mono-, di-, tri-, tetra-, penta- or higher oligo-
saccharides or oligosaccharide derivatives, which may be monomeric, dimeric
or oligomeric derivatives of the saccharide. Examples of monosaccharide
units which may be present in the saccharide are one or more of D-galactose,
D-mannose, D-glucose, N-acetyl-D-galactosamine, L-fucose, N-acetyl-D-
glucosamine, N-acetylneuramic acid, below abbreviated as Gal, Man, Glc,
GalNAc, Fuc, GicNAc, and Sia, respectively.

Non-limiting examples are saccharides containing one of or a combination of

" at least two of the blood group sequences for blood group A, for example

GalNAca1-3(Fuca1-2)Galp1-,
GalNAco1-3(Fuca1-2)Galp1-3GalNAcB
GalNAca1-3(Fuca.1-2)Galp1-3GIcNAc
GaiNAca1-3(Fuca1-2)Galp1-4GicNAc

Other non-limiting examples are saccharides containing any one or a combi-
nation of at least two of the blood group sequences for blood group B, for
example

Gala1-3(Fuca1-2)Galp1-,
Gala1-3(Fuca1-2)Galp 1-3GalNAch
Gala1-3(Fuca1-2)Galp1-3GicNAc
Gala1-3(Fuca1-2)Galp1-4GicNAc

Other non-limiting examples are saccharides containing any one or a combi-
nation of at least two of the blood group sequences for blood group H, for
example

Fuca1-2Galp1-,
Fuca1-2Galp1-3GalNAcp
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Fuca1-2Galp1-3GlcNAc
Fuca1-2Galp1-4GIcNAc

The saccharide may be present in the form of a monomeric or oligomeric
derivative bound via an aglycon to the matrix forming the Component. A non-
limiting example thereof is the blood group A derivative GalNAca1-3(Fuca1-
2)GalB1-0-(CH;)2,PhNH covalently bound to a carbonyl group (C=0) on the
matrix forming an amide bond. The amide bond may be obtained via a so-
called EDC/NHS reaction, in which a carboxylic group on the matrix is
activated and thereafter is brought to react with the saccharide derivative,
constituting a non-limiting example of the Component.

In the same way an antibody or another protein, for example, may be bound
to the matrix.

The matrix may for example consist of cross-linked or non-cross-linked
agarose. This form of the matrix is commercially available for example as the
trade name Sepharose in different variants in view of cross-linking and con-
centration, e.g. Sepharose 4FF, 2B, 4B or CL 2B, CL 4B or 6B.

Other non-limiting examples of saccharides are lactosamine, Gaip1-
4GIcNAcB1-3Galp 1-4GIcNAc, saccharides containing GIcNAc, against which
anti-GlcNAc specific antibodies are formed, blood group P4, blood group P¥,
Lewis blood group substances, gangliosides, such as GM;, GM,, Gd4, Gd,,
other sialylated saccharides, sulfated saccharides and glucoronic acid-
containing saccharides.

The treatment according to the present invention with the Component con-
taining blood group A and/or B saccharide(s) may be used for the treatment
of a patient before or in connection with a so-called blood group compatible
transplantation, e.g. in transplantation of organs or stem cells from donors
belonging to blood group A, AB or B to recipients belonging to blood group 0,
with a view to specifically eliminating/reducing anti-A; Anti-A and anti-B; and
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anti-B antibodies, respectively, binding to the A and B saccharide, respect-
ively, in the Component.

The treatment can also be used with a view to extracting the above-mention-
ed anti-A and/or anti-B antibodies from blood donor plasma or with a view to
producing a blood donor plasma without said anti-A and/or anti-B antibodies,
or in a reduced amount.

Antibodies from blood donor plasma is today extracted for therapeutic pur-
poses, such as intravenous immunoglobuline (IVIG). The present invention
may be used for the production of IVIG having a reduced amount of anti-A
and/or anti-B antibodies, wherein IVIG, or during the production of IVIG biood
donor plasma or protein or the antibody fraction, is treated by use of the
method according to the present invention and the component containing A-
and/or B-saccharide.

Antibodies active against pathogenic bacteria or viruses may for example also
be extracted from for example blood donor plasma by use of a method
according to the present invention. in connection therewith, the component
containing for example any one of the blood group determinants A, B,
GicNAc-containing saccharide or any other saccharide can be used.

Antibodies against Gala1-3Gal saccharides may be extracted in the same
way from for example blood donor plasma according to the present invention
with the Component containing a Gala1-3Gal saccharide sequence.

In the same way treatments for other applications, e.g. certain autoimmune
diseases, e.g. Guillain-Barré syndrome, myasthenia gravis, may be perform-
ed according to the present invention, wherein the Component contains other
of the saccharides exemplified above. The saccharides in the Component are
chosen by the person skilled in the art and do not limit the scope of the pre-
sent invention.
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In connection with certain autoimmune diseases, for example protein A or
antibody, or other types of protein, amino acid, or peptide containing columns
for reduction of antibodies/proteins are used.

The present invention refers to an alternative treatment according fo steps 1
and 2 in the figure above, with a Component containing protein A or antibody,
or other types of protein, amino acid, or peptide bound to the matrix.

The exact conditions in each application of the present invention is chosen by
the person skilled in the art for the specific case, e.g. the size of filter 1 and 2,
the initiation/start of the treatment, the flow - treated volume/min, tempera-
ture, treatment period, amount of component per treatment. A different
amount of the component may be chosen, for example, in the treatment of
different patients depending on the patient's size and antibody titres (titer of
e.g. anti-A/anti-B antibodies). The amount of the component per patient
treatment may e.g. be from 1 ml and up to 100 mi, or any amount there-
between. The time period may e.g. be from 10 minutes up to e.g. 4 hours or
any time period therebetween, which is decided from case to case by the
person skilled in the art.

Anti-coagulation liquid in the treatment of for example a patient or blood, the
flow rates and other treatment parameters may be chosen by the person
skilled in the art to be similar/corresponding to those used in DFPP. One of
the differences is, as mentioned above, that the patient regains his plasma
substantially intact by use of the present invention, in contrast to the previous
accessible treatment, PE or DFPP.

The Component may be delivered to the user in sterile form. The Component
may be present, for example, in a sterile packaged form. The sterilization of
the Component may be performed, for example, in connection with for
example a GMP production, by autoclavation of saccharide-containing
Components.
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CLAIMS

. A product and method for treatment or purification, containing at least

two filters, or one filter and one centrifuge, or two centrifuges, and one
component which in turn contains at least one substance having the
ability to bind to a target substance.

. The product and method according to claim 1, wherein the substance

shows some form of biospecific affinity to the target substance.

. The product and method for blood treatment or purification containing

at least two filters, or one filter and one centrifuge, or two centrifuges,
and one component which in turn contains at least one substance
having the ability to bind to or having biospecific affinity to a target
substance.

. The product and method according to any one of the preceding claims,

wherein the target substance is a protein or an antibody.

. The product and method for blood treatment or purification containing

at least two plasma filters, or one plasma filter and one centrifuge, or
two centrifuges, and a component, which in turn contains at least one
substance having biospecific affinity to a target substance.

. The product and method for blood treatment or purification containing

at least two plasma filters, or one filter and one centrifuge, or two
centrifuges, and a component which in turn contains at least one
saccharide having biospecific affinity to an antibody or to a protein.

. The product and method for blood treatment or purification containing

at least two filters, or one filter and one centrifuge, or two centrifuges,
and a component which in turn contains at least one blood group
determinant A or B saccharide.
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8. The product and method for blood treatment or purification containing
at least two filters, or one filter and one centrifuge, or two centrifuges,
and a component which in tum contains at least one substance having
biospecific affinity to a target substance, wherein blood or blood

5 plasma having a reduced amount of the target substance is obtained
and/or wherein the target substance is extracted.

9. The product and method for blood treatment or purification containing
at least two filters, or one filter and one centrifuge, or two centrifuges,
10 and a component which in turn contains at least one substance or
polymer having a specific affinity to a target substance.

10. Plasma or blood component produced according to claim 1 or any one
of the preceding claims.
15
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