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DESCRIPTION

Field of the invention

[0001] The Iinvention relates to the in vitro treatment of blood of an individual suffering from
liver disease. It relates to an apparatus and albumin for use in the treatment of liver disease.

Background to the invention

[0002] In the United States alone it is estimated that 60,000 people die each year of liver
failure, whereas the donor pool remains constant at approximately 4000 with 16-18,000 on the
waiting list. The odds of receiving a donor liver for subjects waiting on the list are only 1 In 8,
yet there is no effective treatment available to extend the lifetime of this group of patients.

[0003] Liver failure results in multiple organ dysfunction and mortality rates are in the order of
80%. In patients with cirrhosis, the main precipitant of acute deterioration in liver function is
Infection. The specific form of Iinfection that is most commonly observed in such patients Is
spontaneous bacterial peritonitis. This acute deterioration in end-organ function continues
despite treatment of the underlying infection and mortality rates of up to 40% are commonly
observed. However, the mechanisms that lead to this acute deterioration In liver function
following infection are not clear.

[0004] US 2004/060866 relates to a method and system for using a hemofilter to treat IMRD,
hepatic failure, exogenous intoxication and other conditions associated with toxins in a patient's
blood. Sen Sambit et al., Emerging indications for albumin dialysis, American Journal of
Gastroenterology, vol. 100, no.2, February 2005, pages 468-475, describes an apparatus for
blood clearance of patients with liver disease comprising means for removing endotoxins by
dialysis. W0O2004/080575 A1 discloses that patient's blood may be treated by transferring
toxins bound to the patient's aloumin to recombinant albumin.

sSummary of the invention

[0005] The invention relates to the treatment of liver disease and addresses two crucial factors
which may Iinfluence morbitity and mortality, namely defects in aloumin structure, function and
levels In patients with liver disease, and increased levels of endotoxin in the blood of such

patients.

[0006] Accordingly, the Invention provides an apparatus for use In the treatment of an
Individual having liver disease, comprising:
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1. (a) means for selectively removing albumin from the blood of an individual; and
2. (b) means for selectively removing endotoxin from the blood of an individual; and

3. (c) means for supplying aloumin that does not derive from the individual to the blood of
the Iindividual;

wherein said means (a) comprises means for dialysis of albumin comprising a membrane
having a pore size of greater than 50 kDa and less than 100 kDa, and wherein (a) and (b) are
separate components of the apparatus.

[0007] The invention also provides:

e Albumin that does not derive from the blood of an individual to be treated for use In a

method of treating liver disease, said method comprising the steps of:

1. (a) removing albumin from the blood of the individual;

2. (b) reducing the level of endotoxin in the blood of the individual; and

3. (¢) Introducing said albumin that does not derive from the individual to be treated

Into the blood of the individual;

wherein step (a) Is carried out by dialysis using means comprising a membrane having a
pore size of greater than 50 kDa and less than 100 kDa, and wherein steps (a) and (b)
of the method comprise different means for removing albumin and reducing the level of
endotoxin.

o An /n vitro method of treating blood extracorporeally by selectively removing albumin and
endotoxin from the blood, wherein the blood is from an individual having liver disease,
the method comprising:

1. (a) contacting the blood with a solid support which selectively binds albumin and
thereby removing albumin from the blood,

2. (b) contacting the blood with a solid support which selectively binds endotoxin and
thereby removing endotoxin from the blood; and

3. (c) adding to the blood albumin that does not derive from the same individual as

the blood; and wherein steps (a) and (b) of the method comprise different means
for removing albumin and reducing endotoxin.

Brief description of the drawings

[0008]

Figure 1: Increasing ischaemia modified albumin (IMA) levels are found to be associated with
severity of liver disease. Values are expressed as |IAM absorbance units per g/L plasma
albumin, (mean + or - SEM). * = p<0.05, ™ =p<0.001.

Figure 2: (A) Resting oxidative burst (%) In controls, patients with cirrhosis alone and patients
with cirrhosis+AH, (B) difference between resting oxidative burst and oxidative burst after ex
vivo stimulation with E. coli In controls, patients with cirrhosis alone and patients with
cirrhosis+AH, (C) geometric mean of fluorescence Iintensity (GMFI) as a measure of the
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number of bacteria (FITC-labelled E. coli) engulfed by one neutrophil in controls, patients with
cirrhosis alone and patients with cirrhosis+AH. Statistical significant differences are indicated by
superscripts. 1 = significant vs. control. 2 = significant vs. cirrhosis,

Figure 3: (A) Area under the receiver operating curve to determine the predictive utility of
measurement of oxidative burst in determining survival. A cutoff of resting burst <55% had a
sensitivity of 75% and a specificity of 64% for predicting death. (B) Kaplan Meier survival curve
and log-rank analysis for patients stratified for high (>/=55%) or low (<55%) resting oxidative
burst.

-« % -« % -« % -« % -« % -« % -« % -« % -« % -« % -« % -« % - -« % -« % -« % -« % -« % -« % -« % -« % -« % -« % -« % -« % -« %

Figure 4: (A) Area under the receiver operating curve to determine the predictive utility of
measurement of the geometric mean of fluorescence intensity (GMFI) in determining survival.
A cutoff of GMFI| <295% had a sensitivity of 86% and a specificity of /6% for predicting death.
Area = 0.80; Std Erros = 0.08; significance = 0.02; cut-off = 42; sensitivity = 0,86; specificity =
0.70, (B) Kaplan Meier survival curve and log-rank analysis for patients stratified for low (<42)
or high (>/=42) GMFI.

Figure 5: Resting oxidative burst in whole blood of patients and in normal neutrophils incubated
with patients plasma. Plasma from patients with high burst also induced a high burst in normal
neutrophils, whereas plasma from patients with low resting burst failed to do so, VWWB whole
blood, NN normal neutrophils, PP patients plasma, H high resting burst (>/= 55%), L Low
resting burst (<55%). * p=0.002 vs. normal. * p=0.0005 vs. normal.

Figure 6: Reversibility of resting oxidative burst by incubation of patients neutrophils with
normal plasma. PN patient neutrophils, PP patient plasma, NP normal plasma.

Figure /7: Dose dependent increase In resting burst through incubation with endotoxin, *
p<0.05; ** p<0.001.

Figure 8: incubation with endotoxin does not change phagocytosis in normal neutrophils but
decreases phagocytosis further in patients neutrophils.

Figure 9: Resting oxidative burst is reversible by passing plasma over an endotoxin-removal
column or incubation with CD14 antibodies. The columns or the CD 14 antibodies do not
Influence resting burst when plasma from patients with low burst or control plasma is used.
NN+PP H vs. NN+PP H CD14 p<0,001. NN+PP H vs. NN+PP HB Column p<0.001.

Figure 10: Decreased phagocytosis is reversible by passing plasma over an endotoxin-removal
column or incubation with CD14 antibodies. The columns or the CD 14 antibodies do not
Influence resting burst when plasma from patients with low burst or control plasma is used.
NN+PP H vs. NN+PP H CD14 p=0.04 NN+PP H vs. NN+PP HB Column p=0.03.

Figure 11: lllustration of albumin replacement systems.
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Figure 12: Measured endotoxin levels In plasma samples collected at the termination of the
experiment in Example 3 (T = 3hours). Significantly higher endotoxin level (p<0.001) was found
In the saline treated animals compared to all other groups. According to the manufacturer the
detection limit of this assay i1s 0.5 EU/mI, as indicated in the figure.

Figure 13: Levels measured in blood samples collected at the termination of the experiment In
Example 3:

A. Albumin levels. Albumin was found to be significantly reduced at 4 weeks following BDL
surgery (™ p<0.01 vs naive animals), but was markedly increased following albumin therapy (#
P<0.05 vs saline, Mann-Whitney test).

B: Plasma ALT levels. Though there was apparent reduction in plasma ALT in all treatment
groups compared with the animals given saline, these differences did not prove to be
significant.

C:. Plasma urea concentration. It was found that animals receiving the combination of albumin
and polymixin B had significantly lower urea levels compared to the group administered
albumin alone (* p<0.05, Mann-Whitney test).

Figure 14. Measured mean arterial pressure (MAP) throughout the time course of the study In
Example 3. Though the difference was not found to be significant, it appears as though the
group receiving the combined albumin/polymixin therapy had improved MAP compared with
animals receiving albumin alone, both of which were superior to the saline treated group which
demonstrated a noticeable deterioration after 90 minutes.

Figure 15. Neutrophil activity Iin arterial blood samples collected throughout the experimental
period. Y axis shows the % of neutrophils bursting in response to bacteria. It can be seen that
the percentage of neutrophils creating oxidative burst in response to pathogenic bacteria
progressively increases in both the albumin and albumin/polymixin treated groups over the tie
course of the study. A slight improvement i1s observed In the saline treated animals at 3 hours
but this was lower than the other groups and not found to be significant.

Detailed description of the invention

[0009] Throughout this specification, the word "comprise”, or variations such as "comprised” or
"comprising”, will be understood to imply the inclusion of a stated element, integer or step, or
group of elements, integers or steps, but not the exclusion of any other element, integer or
step, or group of elements, integers or steps.

[0010] The reference to any prior art in this specification is not, and should not be taken as, an
acknowledgement or any form of suggestion that that prior art forms part of the general

knowledge In Australia or elsewhere.

[0011] Currently, the range of treatments available for patients with liver disease, particularly
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those patients with liver failure, i1s limited. For many patients the only option i1s transplant, yet
there 1s no effective treatment available to extend the lifetime of this group of patients. There Is

thus a need to find treatment regimes which can be used to improve the condition of
Individuals suffering from liver disease.

[0012] Albumin Is the major plasma protein that i1s produced in the liver. Albumin undertakes a
variety of functions including fatty acid transport, metal chelation, drug binding and anti-oxidant
activity. In liver disease its concentration is diminished either due to decreased synthesis or
resulting from higher degradation rates. The present inventors have additionally shown that In
patients having liver disease, a proportion of the albumin in the blood circulation Is structurally
abnormal. The inventors have also found that the amount of ischaemia modified albumin (IMA)
IS Increased In patients with liver disease compared with healthy control subjects. The

functional ability of a proportion of the albumin from the patient with liver failure i1s permanently
destroyed.

[0013] In one aspect, therefore, the Iinvention relates to an apparatus for removing albumin
from the blood of an individual having liver disease.

[0014] Removal of aloumin in this context refers to the removal of structurally normal albumin,
and also to the removal of any structurally or functionally modified forms of aloumin present In
the blood of the Individual. That is, preferably, the means for removing albumin used In
accordance with the present invention will be capable of removing not only normal, naturally
occurring albumin, but also albumin which may have an abnormal structure or albumin which
has been modified. Removal of any damaged or abnormal albumin may also be therapeutically
useful because damaged albumin has poor functionality and may be associated with damaging
side reactions. For example, the means for removing albumin may also remove albumin
having reduced molecular flexibility, reduced fatty acid binding affinity, reduced transport
quality, reduced transport efficiency and/or reduced detoxification ability compared with normal,
unmodified albumin. The means for removing albumin may also remove particular modified
forms of albumin, such as ischaemia modified aloumin (IMA). Such structural and functional
modifications may be detected using conventional techniques, for example as described In
Example 1. In particular, aloumin functionality may be assessed using a spin label and electron
paramagnetic resonance spectroscopy. The presence of IMA may be detected by examining
the ability of the albumin to bind metal atoms.

[0015] Removal of albumin may also detoxify the blood by removing any associated albumin-

bound toxins. That is, the means for removing albumin may also consequently remove toxins
In the blood that are bound to the albumin.

[0016] The means for removing albumin from the blood removes albumin selectively. That is,
albumin 1s removed In preference to other substances in the blood, such as other proteins.
Preferably the amount of alboumin removed from the blood is significantly greater than that of
other blood components removed. For example, more than 99% by weight of the component
removed In this aspect may be albumin. More than 98%, more than 95%, more than 90%,
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more than 80%, more than 70%, more than 60% or more than 50% of the component removed
In this aspect may be albumin. Removal of albumin here includes the removal of the various
modified forms of albumin described herein.

[0017] The means for removing albumin i1s a means capable of selectively removing albumin
from blood, and comprises means for dialysis of albumin comprising a membrane having a
pure size of greater than 50 kDa and less than 100kDa, or a solid support which selectively
bind albumin.

[0018] In one aspect, albumin Is selectively removed using a ligand that binds the albumin.
The ligand may be any molecule that binds aloumin. For example, a number of reactive dyes
are known to bind albumin. The ligand may be an antibody or other affinity ligand that
specifically binds albumin. Typically, a ligand that specifically binds albumin is a ligand capable
of selectively removing albumin from blood as explained above. For example, the ligand may
be capable of binding albumin more strongly than other components of blood. For example,
the ligand may be an antibody that specifically binds human albumin. The ligand may be an
antibody that binds an epitope that is specific to aloumin. The ligand may be a combination of
molecules which each bind albumin, such as a combination of molecules which bind different
parts of the albumin molecule. The ligand may be a polyclonal antibody or mixture of
antibodies which bind to multiple epitopes on the albumin protein. Such a combination
approach may be useful in the removal of modified forms of alboumin as different antibodies
may target different parts of the albumin molecule.

[0019] Antibodies may be raised against specific epitopes of the albumin molecule. For
example, antibodies may be raised specifically against those regions, which are expected to be
structurally similar in unmodified and particular modified forms of albumin.

[0020] For the purposes of this invention, the term "antibody”, unless specified to the contrary,
Includes fragments which bind albumin. Such fragments include Fv, F(ab') and F(ab');

fragments, as well as single chain antibodies. Furthermore, the antibodies and fragment
thereof may be chimeric antibodies, CDR-grafted antibodies or humanised antibodies.

[0021] Antibodies for use In the present invention can be produced by any suitable method.
Means for preparing and characterising antibodies are well known In the art, see for example
Harlow and Lane (1988) "Antibodies: A Laboratory Manual®, Cold Spring Harbor Laboratory
Press, Cold Spring Harbor, NY. For example, an antibody may be produced by raising antibody
In @ host animal against the whole polypeptide or a fragment thereof, for example an antigenic
epitope thereof, herein after the "iImmunogen”.

[0022] A method for producing a polyclonal antibody comprises immunising a suitable host
animal, for example an experimental animal, with the Immunogen and isolating
iImmunoglobulins from the animal's serum. The animal may therefore be inoculated with the
Immunogen, blood subsequently removed from the animal and the 1gG fraction purified.
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[0023] A method for producing a monoclonal antibody comprises immortalising cells which
produce the desired antibody. Hybridoma cells may be produced by fusing spleen cells from an

Inoculated experimental animal with tumour cells (Kohler and Milstein (1975) Nature 256, 495-
497).

[0024] An immortalized cell producing the desired antibody may be selected by a conventional
procedure. The hybridomas maybe grown In culture or injected intraperitoneally for formation
of ascites fluid or into the blood stream of an allogenic host or iImmunocompromised host.
Human antibody may be prepared by /in vitro immunisation of human lymphocytes, followed by
transformation of the lymphocytes with Epstein-Barr virus.

[0025] For the production of both monoclonal and polyclonal antibodies, the experimental
animal is suitably a goat, rabbit, rat or mouse. If desired, the iImmunogen may be administered
as a conjugate in which the immunogen is coupled, for example via a side chain of one of the
amino acid residues, to a suitable carrier. The carrier molecule is typically a physiologically
acceptable carrier. The antibody obtained may be isolated and, if desired, purified.

[0026] An antibody, or other ligand, "specifically binds" to a protein when it binds with
preferential or high affinity to the protein for which it i1s specific but does substantially bind not
bind or binds with only low affinity to other proteins. That is, an antibody specifically binds
albumin If it binds to aloboumin more strongly than it binds to other blood components, such as
other proteins In the blood. As explained above, the specificity of binding may be such that it
binds structurally or functionally altered forms of albumin as well as unmodified albumin.
Preferably it binds structurally or functionally altered forms of albumin with the same or
substantially the same binding affinity as unmodified aloumin. Preferably, it binds both modified
and unmodified fonns of albumin with a greater affinity than other blood components, such as
other proteins in the blood. A variety of protocols for competitive binding or immunoradiometric
assays to determine the specific binding capability of an antibody are well known in the art (see
for example Maddox et al, J. Exp. Med. 158, 1211-1226, 1993). Such immunoassays typically
Involve the formation of complexes between the specific protein and its antibody and the
measurement of complex formation.

[0027] Where a ligand is used to achieve removal of albumin, the ligand may be provided
attached to a solid support. The ligand may be immobilised on such a solid support. A suitable
solid support may be in the form of a column through which the blood may be passed, A
suitable solid support may be, for example, a porous material such as a membrane, particle
bed or filter which Is sufficiently porous to allow blood cells to pass through it. A suitable solid
support may alternatively be a solid substrate across the surface of which blood may be
passed, Preferably the solid support has a large surface area to maximise the area of contact
between the blood of the individual and the ligand attached to the support. The solid support
may be In the form of beads, which can be filled into a container into which the blood can be
Inserted, or through which the blood can be passed. The beads will preferably have a size
sufficient to allow sufficient porosity when packed into a column or filter bed. Various bead
materials are known in the art.
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[0028] Accordingly, the means for removing albumin according to the present invention may
comprise such a solid support on which is attached or immobilised a ligand capable of binding
albumin. The means for removing albumin may comprise a container through which blood is
passed. The container may thus comprise an inlet and an outlet. The Inlet and outlet are
positioned so that blood passing through the container comes into contact with a solid support
as described herein. Preferably the means for removing albumin iIs designed or selected to
maximise the area of contact between the blood and the solid support, A variety of such
designs are known In the art. For example, the means for removing albumin may be a column
or filter bed packed with beads, wherein a ligand for albumin is immobilised on the beads.

[0029] In an embodiment of the present invention, removal of aloumin is achieved via dialysis.
Such an approach may also lead to the removal of other blood components that are dialysed
together with the albumin. Typically, aloumin should be the predominant component removed.
This dialysis step of the present invention can use any albumin dialysis system that allows
removal of alboumin from the blood. A variety of such systems are known in the art. One dialysis
system Is the molecular absorbance recirculating system (MARS). An alternate is a generic
single pass albumin dialysis (SPAD) system. These systems use a 50kDa pore membrane to
dialyse albumin in blood. This system Is designed particularly to remove albumin-bound toxins
from the blood of patients.

[0030] As an alternative to this system, a larger pore membrane can be utilised so that
albumin from the patients blood Is actively exchanged with fresh albumin via dialysis. This
permits the removal of toxins and abnormal forms of alboumin In the same step. This also
allows the Iintroduction into the blood of new albumin, not from the Individual, as discussed
further below.

[0031] Studies In which the MARS system Is modified to Include a larger pore membrane
Indicate that there is a substantial improvement in protein-bound toxin removal compared to
the standard 50kDa pore device. For example, a membrane having a pore size of greater than
50 kDa, greater than 60 kDa, greater than 70 kDa, greater than 80 kDa, greater than 90 kDa
or greater than 100 kDa may be used. The membrane may have a pore size of less than 60
kDa, less than 75 kDa, less than 100 kDa or less than 150 kDa.

[0032] Other blood components may be removed together with albumin depending on the
particular means used to remove the albumin. In one embodiment, other components which
are removed with the albumin may be returned to the blood of the individual. The components
to be returned may be purified from the albumin mixture that has been removed from the
blood, or may be replaced by fresh equivalent components not deriving from the individual.

[0033] Various methods of removing albumin from the blood are known In the art. For
example, US Patent No. 4,093,612 discloses reactive dye compositions that can be used to
remove albumin from a fluid. In accordance with the present invention, such compositions may
be used for the removal of albumin from the blood of the individual. This may therefore be a
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selective albumin trapping system based on compounds which specifically bind aloumin. These
may be, for example reactive dyes as described in US Patent No. 4,093,612 such as cibacron-
blue, or may be other molecules capable of binding albumin, such as albumin-specific
antibodies.

[0034] In accordance with the present invention therefore, aloumin is removed from the blood
of an individual with liver disease. This albumin i1s replaced with new albumin which does not
derive from the individual. The new albumin i1s preferably structurally and functionally normal.
That 1s, the new albumin may comprise no, or substantially no, structurally or functionally
modified forms of albumin. Where albumin removed from the blood of an individual comprises
one or more modified forms of albumin, the albumin returned to the blood of that individual
preferably comprises less modified albumin than has been removed. For example, the albumin
returned to the blood of the individual may comprise less than 50%, less than 30%, less than
20%, less than 10%, less than 5% or less than 1% of the amount of modified albumin removed
from that individual. Preferably, the albumin returned to the individual will comprise no modified
albumin or no modified albumin of one or more of the types that were removed from the
Individual, such as no ischaemia modified albumin (IMA).

[0035] The new albumin may derive from another individual, such as an individual that does
not have liver disease, an individual that does not have liver faillure or an individual that has
normal liver function.

The new albumin will typically have a higher proportion of structurally and functionally normal
alboumin than the albumin removed from the Individual. The new albumin can be
pharmaceutical grade albumin.

[0036] This new albumin Is Introduced Into the blood of the individual to ensure that the
Individual has a suitable level of circulating albumin. This can be a direct replacement for the
albumin removed, for example, the same or an equivalent amount of aloumin to that that is
removed can be returned to the blood. In this system, the individual's albumin i1s effectively
exchanged with new albumin. Alternatively, by varying the amount of albumin introduced at this
stage, the overall alobumin concentration in the blood can be Increased or decreased If
necessary. The amount of aloumin that is introduced to the blood may thus be greater than or
less than the amount that is removed. For example, liver disease can lead to a decrease In the
level of circulating albumin. This can result in a low functional capacity. In accordance with the
present invention the amount of new albumin introduced to the blood of the patient may be
greater than the amount of albumin removed. This may supplement the level of aloumin In the
circulation of the individual. For example, an amount of new albumin may be introduced which
raises the overall alboumin level In the blood to a level the same as, or similar to, that seen In an
Individual not having liver disease.

[0037] The fresh albumin may be Iintroduced to the blood of the individual simultaneously with
the removal of the Individual's albumin. For example, an exchange of albumin may be
achieved by dialysis. Alternatively, the steps of albumin removal and albumin return may be
carried out sequentially or separately. For example, where the invention iIs carried out ex vivo,
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the blood of the Individual may be passed through means for removing albumin and then
subsequently have fresh albumin added to it. This may be achieved by different parts of the
same apparatus. Alternatively the addition of fresh albumin may be carried out separately.
Typically the addition of fresh albumin is carried out after the removal of aloumin from the
patient's blood.

[0038] In further studies described herein, the inventors have shown that endotoxin Is a
component in the blood of Iindividuals with liver disease which may be associated with the
prognosis of those patients, for example their susceptibility to infection or organ failure, their
risk of mortality and their potential responsiveness to some therapies such as
Immunosuppression.

[0039] The inventors have found that these prognosis factors are linked to activation of
neutrophils in the blood of an individual having liver disease, and that such activation may be
related to the presence of a transmissible factor in the plasma of those individuals. Thus,
plasma from an individual having a high degree of neutrophil activation is capable of increasing
the level of activation of normal neutrophils.

[0040] The inventors have further found that a similar effect may be achieved by contacting
normal neutrophils with endotoxin, and that removal of endotoxin from the blood of patients
having a high degree of neutrophil activation can reduce the activation levels of neutrophils In
that blood. Removal of endotoxin is therefore believed to be useful in the treatment of patients
having liver disease whose neutrophils are in an activated state. By restoring normal neutrophil
function, the ability of those individuals to combat infection may be improved.

[0041] Accordingly, the present invention also relates to the removal of endotoxin from the
blood of patients having liver disease. Removal of albumin addresses one Issue of
detoxification, removal of endotoxin relates to a further issue of reduced immune response. By
combining these two approaches in a single apparatus or method, a particularly effective
treatment of liver disease is achieved.

[0042] The means for removing endotoxin from the blood removes endotoxin selectively. That
IS, endotoxin Is removed In preference to other substances in the blood. Preferably the amount
of endotoxin removed from the Dblood Is significantly greater than that of other blood
components removed. For example, more than 99% by weight of the component removed In
this aspect may be endotoxin. More than 98%, more than 95%, more than 90%, more than
80%, more than 70%, more than 60% or more than 50% of the component removed In this
aspect may be endotoxin.

[0043] The means for removing endotoxin may be any means capable of selectively removing
endotoxin from blood.

[0044] In one aspect, endotoxin may be selectively removed using a ligand that binds the
endotoxin. The ligand may be any molecule that binds endotoxin. For example, anti-endotoxin
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antibodies, LPS binding proteins, Polymyxin B, polyethyleneimine, an arginine ligand and
various peptides are known to bind endotoxin. The ligand may be an antibody or other affinity
ligand that specifically bind endotoxin. For example, the ligand may be an antibody that
specifically binds endotoxin. Typically, a ligand that specifically binds endotoxin is a ligand
capable of selectively removing endotoxin from blood as explained above. For example, the
ligand Is capable of binding endotoxin more strongly than other components of blood. The
igand may be an antibody that binds an epitope that is specific to endotoxin. The ligand may
be a combination of molecules which each bind endotoxin, such as a combination of molecules
which bind different parts of the endotoxin molecule or different endotoxins. The ligand may be
a polyclonal antibody or mixture of antibodies which bind to multiple epitopes on the endotoxin
molecule or different endotoxins.

[0045] Antibodies may be raised against specific epitopes of the endotoxin molecule. Suitable
antibody types may be any antibody type, as described above In relation to albumin, such as
an antibody fragment.

[0046] Antibodies that bind endotoxin may be prepared by any means, for example as
described above In relation to albumin-binding antibodies. The antibody obtained may be
Isolated and, If desired, purified.

[0047] An antibody, or other ligand, "specifically binds" to a protein when it binds with
preferential or high affinity to the protein for which it i1s specific but does substantially bind not
bind or binds with only low affinity to other proteins. That is, it binds to endotoxin more strongly
than it binds to other blood components, such as other proteins in the blood. The specificity of
binding may be such that it binds different forms of endotoxin. Preferably, it binds a variety of
forms of endotoxin with a greater affinity than other blood components.

[0048] Where a ligand 1s used to achieve removal of endotoxin, the ligand may be provided
attached to a solid support. The ligand may be immobilised on such a solid support. Suitable
solid supports are as discussed above In relation to albumin-binding ligands.

[0049] Accordingly, the means for removing endotoxin according to the present invention may
comprise or consist of such a solid support on which Is attached or immobilised a ligand
capable of binding endotoxin. The means for removing endotoxin may comprise or consist of a
container through which blood is passed. The container may thus comprise an inlet and an
outlet. The Inlet and outlet are positioned so that blood passing through the container comes
Into contact with a solid support as described herein. Preferably the means Is designed or
selected to maximise the area of contact between the blood and the solid support. A variety of
such designs are known In the art. For example, the means may be a column or filter bed
packed with beads, wherein a ligand for aloumin is immobilised on the beads.

[0050] In another aspect, rather than physically removing the endotoxin from the blood, an
agent may be administered to the Individual to reduce endotoxin levels. For example the
endotoxin in the blood may be functionally neutralised rather than removed. Various methods
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for neutralising endotoxin are known in the art. This may comprise administering an agent to
the individual, which agent i1s capable of selectively removing or neutralising the activity of the
endotoxin. This may rely on the host immune system to aid removal of endotoxin. For
example, a suitable agent may bind endotoxin and allow the immune system of the individual
to clear the endotoxin-agent complexes from the blood. Various agents for decreasing
circulating endotoxin levels are known, for example anti-endotoxin antibodies, albumin, and
LPS-binding proteins, LPS neutralising CD-14 antibodies.

[0051] Other blood components may be removed together with endotoxin depending on the
particular means used to remove the endotoxin. For example, some methods for removing
endotoxin may also remove other toxins from the blood. This may be beneficial to the patient.
Some methods for removing endotoxin may also remove other blood components which it Is
desired to maintain in the blood. In this case, blood components which are removed with the
endotoxin may be returned to the blood of the individual. The components to be returned may
be purified from the endotoxin mixture removed, or may be replaced by fresh equivalent
components that do not derive from the individual.

[0052] Various approaches for removing endotoxin from a sample have been described In the
art. For example, EP-A-0 129 786 describes the use of Polymyxin B covalently immobilized on
polystyrene fibres for the removal of endotoxins from blood. Falkenhagen et al (Artificial
Organs (1996) 20:420) described the removal of endotoxin from plasma using
polyethyleneimine coated beads. WO 01/23413 describes oligopeptides having a high degree
of dispersity which are used to selectively remove endotoxin from blood or plasma. US
5,476,715 describes materials for the removal of endotoxin from a sample, which comprise a
porous carrier made from polymers of acrylic acid and methacrylic acid with a particular
particle size and spacing. Staubach et al (Transfusion and Apheresis Science (2003) 29: 93-
98) describes a device for endotoxin adsorption which is based on immobilized albumin. There
are thus a number of available methods which could be used to remove endotoxin from a
sample. Any of these methods may be used or adapted for use in accordance with the present
iInvention. The skilled reader would be able to select a suitable method and conditions for its
use.

[0053] The apparatus or method of the invention will preferably be effective in achieving a
significant reduction In circulating blood endotoxin levels. For example, the apparatus or
method may lead to a reduction by at least 25%, at least 50%, at least /0%, at least 80%, at
least 90%, at least 95%, at least 99% or more In the level of endotoxin In the blood of the
iIndividual.

[0054] The two aspects of the present invention are also linked. Albumin is capable of binding
endotoxin In the blood. Thus, the removal of alboumin may also lead to the removal of some
endotoxin which Is bound to aloumin. Furthermore, by increasing the level of normal alobumin In
the Individual, again, albumin in the blood can bind to circulating endotoxin and the levels of
free endotoxin Iin the blood may be decreased. However, the amount of endotoxin reduction
achieved In this way Is relatively small, so the present invention utilises separate means for (a)
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removing albumin and (b) reducing endotoxin levels. This effect of aloumin removal and/or
replacement may supplement other means for reducing endotoxin and may help to "mop up”
endotoxin remaining in the blood of the individual.

[0055] Based on these findings, the inventors have developed a new method and apparatus
for use In the treatment of individuals having liver disease. These comprise a combination of
components which act to remove both albumin and endotoxin from the blood of an individual
having liver disease.

[0056] Particularly, the inventors have developed an apparatus for use in the treatment of an
Individual having liver disease, the apparatus comprising means for selectively removing
albumin from the blood of the individual and means for selectively removing endotoxin from the
blood of the individual. These are two separate means, each directed to achieving one of these
effects. The apparatus also comprises means for supplying new albumin, that does not derive
from the individual, to the blood of the individual.

[0057] Use of such an apparatus thus results in the removal of aloumin from the blood of the
Individual, a reduction in the level of endotoxin In the blood of the individual and optionally the
Introduction of new albumin to the blood of the individual. This Is therapeutically useful in a
variety of ways. Removal of endogenous albumin from the blood of an individual may result In
the removal of unwanted toxins bound to the albumin and may also result in the removal of
abnormal modified forms of albumin from the blood. Such modified forms often have reduced
functional ability. The introduction of new albumin can be used to replace the albumin that has
been removed with fresh albumin. Preferably the fresh albumin does not comprise toxins
bound to the albumin molecules and preferably the fresh albumin is iIn unmodified form. The
addition of fresh albumin to the blood can also be used to supplement endogenous albumin
levels where these are reduced as a result of liver disease. Finally, the removal of endotoxin
from the blood of an individual having liver disease can help to reduce the level of activation of
neutrophils in the blood of the Individual. This reduction in neutrophil activation can lead to
decreased risk of infection, organ failure and mortality, and can improve the responsiveness of
the individual to iImmunosuppressive therapy and steroid or antibiotic treatment.

[0058] The methods and apparatus of the invention thus provide a targeted approach to the
treatment of liver disease, addressing multiple factors linked to such disease and benefiting the
Individual in multiple ways.

[0059] In one aspect, therefore, the invention relates to an apparatus for use In the treatment
of an individual with liver disease. The apparatus may comprise a number of components,
which may be used in combination or separately. An apparatus of the invention will comprise or
consist essentially of means for selectively removing albumin from the blood of an individual,
means for selectively removing endotoxin from the blood of the Individual, and means for
supplying albumin that does not derive from the individual to the blood of the individual wherein
sald means for selectively removing albumin comprises means for dialysis of albumin
comprising a membrane having a pore size of greater than 50 kDa and less than 100 kDa, and
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wherein the means for selectively removing alboumin and the means for selectively removing
endotoxin are separate components of the apparatus.

[0060] Any means described herein may be used for the removal of aloumin or endotoxin,
provided that the means are separate components of the apparatus. Described I1s a single
component of the apparatus used for the removal of both aloumin and endotoxin. Typically,
such a component of the apparatus will comprise both means for removing albumin and
means for removing endotoxin. For example, where albumin and endotoxin are both to be
removed by binding to specific ligands, then one or more ligands specific for aloumin and one
or more ligands specific for endotoxin may be used together in the same component of the
apparatus. For example the apparatus may comprise a single container, such as a column or
filter bed, which comprises solid support(s) onto which the two ligands are immobilised. The
ligands may be immobilised onto different supports or onto the same support. The albumin and
endotoxin may thus be removed simultaneously from the blood of the individual.

[0061] The apparatus for use In the present invention includes separate means for removal of
alboumin and endotoxin. The apparatus may Include more than one means capable of
removing albumin and/or more than one means capable of removing albumin.

[0062] The apparatus may comprise further components. The apparatus comprises means for
supplying new albumin, 1.e. aloumin that does not derive from the individual, to the blood. The
apparatus may be for use ex vivo. For example, the apparatus may be designed such that
blood from the individual passes through it so as to achieve albumin removal and endotoxin
removal before returning to the body of the individual.

[0063] Two possible apparatuses of the disclosure are illustrated in Figure 11. It will be clear
from the discussion herein and the two apparatuses that are exemplified in Figure 11 that a
number of different components may be used in a variety of combinations in order to achieve
the desired effects.

[0064] The components of the first illustrated apparatus in Figure 11 are as follows:

1. 1. Means for trapping albumin. The albumin trap selectively removes albumin from the
blood of the patient.

2. 2. Means for carrying out albumin dialysis to remove toxins. For example, the use of a
large pore membrane (greater than 50 kDa) to allow albumin exchange permits
Improved toxin removal by allowing patient albumin to interact with the "cleaning” filters.
This also permits the removal of patient aloumin as it is exchanged across the filter with
the albumin dialysate.

3. 3. Filters to clean albumin.

4. 4. Endotoxin removal component.

5. 5. New albumin infusion.
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[0065] The components of the second illustrated apparatus in Figure 11 are as follows:

1. 1. Bacterial lipopolysaccharide trap. This iIs a means for removal of LPS/endotoxin from
the blood of the patient.

2. 2. Means for carrying out albumin dialysis to remove toxins. For example as discussed
for the first illustrated apparatus in Figure 11.

3. 3. Filters to clean albumin.

4. 4. Alboumin replacement means. For example, a diffusion gradient for removing the
patients albumin and replacing it with fresh albumin.

5. 5. New albumin infusion.

[0066] Described Is a method of treating liver disease by using the apparatus of the invention.
For example, blood from the individual may be contacted with an apparatus for use In the
iInvention such that aloumin and endotoxin are removed from the blood and albumin that does
not derive from the individual may optionally be supplied to the blood. This method may be
carried out ex vivo and the blood may be subsequently returned to the individual.

[0067] Described 1s a method of treating an individual having liver disease. The method
comprises or consists essentially of the following steps: (a) removing aloumin from the blood of
the Individual; and (b) reducing the level of endotoxin in the blood of the individual. This may
be achieved by any method or means as described herein. This method may be carried out ex
vivo. Step (a) may be achieved using dialysis. Step (a) may be achieved using a ligand capable
of specifically binding albumin. Step (b) may be achieved by directly removing endotoxin from
the blood. Step (b) may be achieved using a ligand that specifically binds endotoxin. Step (b)
may be achieved by administering to the individual a therapeutically effective amount of an
agent capable of reducing the level of endotoxin in the blood. Any combination of step (a) and
step (b) methods described herein may be used. Optionally the method further includes the
step of Iintroducing albumin that does not derive from the individual into the blood of the
Individual. The invention also relates to an in vitro method of treating blood extracorporeally by
selectively removing albumin and endotoxin from the blood, wherein the blood Is from an
Individual having liver disease the method comprising (a) contacting the blood with a solid
support which selectively binds albumin and thereby removing albumin from the blood, (b)
contacting the blood with a solid support which selectively binds endotoxin and thereby
removing endotoxin from the blood; and adding to the blood albumin that does not derive from
the same Iindividual as the blood;

wherein steps (a) and (b) of the method comprise different means for removing albumin and
removing endotoxin. This method may be achieved by any suitable means as described herein
and comprises the additional step of adding to the blood albumin that does not derive from the
Individual. Blood which has been treated in this way may be returned to the individual for
therapeutic purposes, or may be used for another purpose. For example, blood may be
treated in this way prior to transfusion into a different individual.

[0068] The Individual to be treated according to the Invention Is an individual having liver
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disease. Liver failure i1s the final stage of liver disease. Liver failure is divided into types
depending on the rapidity of onset. Acute liver failure develops rapidly, but chronic liver failure
may take months or years to develop. By definition, liver failure occurs when the liver is so
diseased, and functioning so poorly, that encephalopathy Is evident. Any progressive liver
disease can result in liver fallure; examples include: acetaminotophen toxicity, cirrhosis, viral
hepatitis, and metastatic cancer of the liver. Other signs of liver disease such as jaundince,
ascites, fetor hepaticus, and faillure of coagulation indicate that the liver i1s having trouble
performing its normal physiological duties, but it 1s not termed liver faillure until the mental
status changes appear.

[0069] The prognosis for patients with liver disease Is difficult to estimate because the
condition has many causes.

[0070] Accordingly, the Individual to be treated may be an Individual whose liver iIs
decompensated or which shows hepatic encephalopathy. The individual's liver may be In the
compensated state. The individual may have chronic liver disease. The individual may have
liver cirrhosis, for example with or without alcoholic hepatitis. The Individual may have acute
liver failure. The individual may have hepatic encephalopathy.

[0071] The onset of both acute and chronic liver disease may be due to a xenobiotic cause.
For example, the individual may have been exposed to a chemical, drug or some other agent
which causes liver damage. The individual may have a reaction to an over-the-counter,
prescriptive or "recreational” drug which causes liver damage. The individual may have been
taking Rezulin™ (troglitazone; Parke-Davis), Serzone ™ (nefazodone; Bristol-Myers Squibb) or
other drugs thought to cause liver damage. The individual may be one who has had an
overdose of a particular drug or exceeded the recommended dosage of a drug capable of
causing liver damage. For example, the Individual may have taken an overdose of
paracetamol. The Individual may have been exposed to chemicals which can cause liver
damage such as, for example, at their place of work. For example, the individual may have
been exposed to such chemicals in an industrial or agricultural context. The individual may
have consumed plants which contain compounds which can cause liver damage, in particular
this may be the case where the individual is an animal, such as a herbivore. For example, the
Individual may have consumed a plant containing pyrrolizidine alkaloid such as ragwort. The
Individual may have been exposed to environmental toxins thought to cause liver disease.

[0072] Drug-related liver toxicity comprises more than 50% of all cases with acute liver disease
(acute liver failure). Acetaminophen-(also known as paracetamol and N-acetyl-p-aminophenol)
toxicity 1s the most common cause of acute liver failure in the United States and Great Britain.
Long-term moderate to heavy alcohol users who take acetaminophen In therapeutic or
modestly excessive doses are at risk of severe hepatic injury and possibly acute liver failure.
Alcohol use potentiates the toxic effects of acetaminophen. ldiosyncratic drug toxicity also
contributes to acute liver failure. lIdiosyncratic drug toxicity is thought to be a hypersensitivity
response wherein the individual responds to a drug in a pharmacologically abnormal way. This
abnormal response can lead to acute liver failure.
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[0073] The acute liver failure or chronic liver disease may be caused by infection with a
pathogenic organism. For example, the liver disease may be due to viral infection. In particular,
the individual may be infected, or have been infected, with a virus which causes hepatitis. The
Individual may have chronic viral hepatitis. The virus may, for example, be hepatitis B, C or D
virus. In some cases, and In particular where the individual has viral hepatitis, the individual
may also be Infected with HIV-|l or |l. The individual may have AIDS. It is possible that the
Individual may have been, or be, infected with other organisms which cause liver disease and
In particular those which are present Iin the liver during some stage of their life cycle. For
example, the individual may have, or have had, liver fluke.

[0074] The Individual may have an inherited disease which causes, or increases the risk of,
chrome liver disease. For example, the Individual may have one or more of hepatic
hemochromatosis, Wilson's disease or a-1-antitrypsin deficiency. The individual may have an
Inherited disorder which causes some kind of structural or functional abnormality in the liver
which increases the likelihood of liver fibrosis. The individual may be genetically predisposed to
develop an autoimmune disorder which damages the liver and hence which can contribute to
liver fibrosis.

[0075] The chronic liver disease may be alcohol-induced. A man or woman to be treated may
be, or have been, an alcoholic. He or she may be, or have been, consuming on average 50 or
more units of alcohol per week, 60 or more units of alcohol per week, 75 or more units of
alcohol per week and even 100 or more units of alcohol per week. The man or woman may be,
or have been, consuming on average up to 100 units of alcohol per week, up to 150 units of
alcohol per week and even up to 200 units of alcohol per week. The measurement of one unit
of alcohol differs from country to country. Here, one unit equals 8 grams of ethanol In
accordance with the United Kingdom standard.

[0076] The man or woman may have been consuming such levels of alcohol for 5 or more
years, 10 or more years, 15 or more years or 20 or more years. The individual may have been
consuming such levels of alcohol for up to 10 years, up to 20 years, up to 30 years and even
up to 40 years. In cases of alcohol-induced liver cirrhosis the individual may be aged, for
example, 25 years or over, 35 years or over, 45 years or over and even over 60 years.

[0077] The individual maybe male or female. WWomen may be more susceptible to the adverse
effects of alcohol than men. Women can develop alcoholic chronic liver disease Iin a shorter
time frame and from smaller amounts of alcohol than men. There seems to be no single factor
to account for increased susceptibility to alcoholic liver damage In females, but the effect of
hormones on the metabolism of alcohol may play an important role.

[0078] Thus, the individual may be suffering from alcoholic hepatitis. Alcoholic hepatitis may
range from a mild hepatitis, with abnormal laboratory tests being the only indication of disease,
to severe liver dysfunction with complications such as jaundice (yellow skin caused by bilirubin
retention), hepatic encephalopathy, ascites, bleeding esophageal varices, abnormal blood
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clotting and coma.

[0079] The individual may have one or more of a number of other conditions known to result in
iver damage such as, for example, primary biliary cirrhosis, autoimmune chronic active
hepatitis, and/or schistosomiasis (parasitic infection). The individual may have or have had a
bile duct blockage. In some cases, the underlying cause of liver disease may not be known.
For example the Individual may have been diagnosed as having cryptogenic cirrhosis.
Accordingly, the individual may be suspected of having any of the conditions listed herein.

[0080] Methods for diagnosing liver disease such as acute liver fallure and hepatic
encephalopathy are well known In the art and in particular to clinicians and veterinarians in the
field. Preferably, the individual will have been diagnosed as having a liver disease and hepatic
encephalopathy, for example by a medical or veterinarian professional. The individual may
display one or more symptoms associated with liver disease such as one or more of jaundice,
ascites, skin changes, fluid retention, nail changes, easy bruising, nose bleeds, oesophageal
varices, and in male individuals may have enlargement of breasts. The individual may display
exhaustion, fatigue, loss of appetite, nausea, weakness and/or weight loss. The individual may
also display one or more symptoms associated with hepatic encephalopathy such as one or
more of confusion, disorientation, dementia, stupor, coma, cerebral edema, multiorgan failure
(respiratory failure, cardiovascular failure or kidney failure), muscle stiffness/rigidity, seizures or
speech impairment. The individual to be treated may or may not be taking other drugs to treat
iver, disease. The Individual to be treated may be at risk of developing hepatic
encephalopathy.

[0081] The liver disease may have been, or be, confirmed by physical examination including
techniques such as ultrasound. Liver biopsies may have been taken to look for build up of
fibrosis, necrotic cells, cellular degeneration and/or Iinfllammation and other characteristic
features of liver disease. Liver function may have been assessed In the individual to determine
whether this I1Is compromised In the individual. The nature and underlying cause of the liver
disease may be characterized. Any history of exposure to causative agents of liver disease
may be determined.

[0082] The Individual to be treated may be at risk for hepatic encephalopathy episodes, for
example patients who are awaiting liver transplants, surgical and/or portal hypertension
patients. A person at risk for hepatic encephalopathic episodes I1s a person who has not
suffered any hepatic encephalopathic episodes or has not suffered any hepatic
encephalopathic episode for an extended period of time (about 12 weeks or longer), but has a
disorder or medical condition which creates a risk of hepatic encephalopathic episodes. A
hepatic encephalopathic episode Is a clinical condition characterised by the presence of
cerebral dysfunction in patients with liver disease or dysfunction. There i1s a wide spectrum of
mental disturbances In hepatic encephalopathy which range from minimal where the main
effects are a reduction in the quality of life, to overt which leads to coma and ultimately death.

[0083] The Individual on which the method of the Iinvention Is practiced may be a liver
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transplant patient, an individual suffering from reperfusion injury, for example in a graft after
liver transplantation or a patient at risk of developing or who has developed multi-organ failure.

[0084] VWhere the level of endotoxin I1s reduced using an agent to be administered to the
Individual, the agent may be administered in a variety of dosage forms. Thus, an agent maybe
administered orally, for example as tablets, troches, lozenges, aqueous or oily suspensions,
dispersible powders or granules. The agent may also be administered parenterally, either
subcutaneously, Intravenously, Intramuscularly, intrasternally, transdermally or by Infusion
techniques. The agent may also be administered Iin the form of a suppository. A physician will
be able to determine the required route of administration for each particular patient.

[0085] The formulation of an agent will depend upon factors such as the nature of the exact
agent, whether a pharmaceutical or veterinary use Is intended, etc. An agent which is to be
used to treat liver disease may be formulated for simultaneous, separate or sequential use.

[0086] An agent Is typically formulated for administration in the present invention with a
pharmaceutically acceptable carrier or diluent. The pharmaceutical carrier or diluent maybe,
for example, an isotonic solution. For example, solid oral forms may contain, together with the
active compound, diluents, e.g. lactose, dextrose, saccharose, cellulose, corn starch or potato
starch; lubricants, e.g. silica, talc, stearic acid, magnesium or calcium stearate, and/or
polyethylene glycols; binding agents; e.g. starches, gum arabic, gelatin, methylcellulose,
carboxymethylcellulose or polyvinyl pyrrolidone; disaggregating agents, e.g. starch, alginic
acid, alginates or sodium starch glycolate; effervescing mixtures; dyestuffs; sweeteners;
wetting agents, such as lecithin, polysorbates, laurylsulphates; and, in general, non-toxic and
pharmacologically Inactive substances used In pharmaceutical formulations. Such
pharmaceutical preparations may be manufactured in known manner, for example, by means
of mixing, granulating, tabletting, sugar-coating, or film-coating processes.

[0087] Liquid dispersions for oral administration may be syrups, emulsions or suspensions.
The syrups may contain as carriers, for example, saccharose or saccharose with glycerine

and/or mannitol and/or sorbitol.

[0088] Suspensions and emulsions may contain as carrier, for example a natural gum, agar,
sodium alginate, pectin, methylcellulose, carboxymethylcellulose, or polyvinyl alcohol. The
suspensions or solutions for intramuscular injections may contain, together with the active
compound, a pharmaceutically acceptable carrier, e.g. sterile water, olive oil, ethyl oleate,
glycols, e.g. propylene glycol, and if desired, a suitable amount of lidocaine hydrochloride.

[0089] Solutions for intravenous administration or infusion may contain as carrier, for example,
sterile water or preferably they may be In the form of sterile, aqueous, isotonic saline solutions.

[0090] The dose of an agent may be determined according to various parameters, especially
according to the substance used; the age, weight and condition of the patient to be treated; the
route of administration; and the required regimen.
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[0091] Again, a physician will be able to determine the required route of administration and
dosage for any particular patient. A typical daily dose is from about 0.1 to 50 mg per kg of body
weight, according to the activity of the specific inhibitor, the age, weight and conditions of the
Individual to be treated, the type and severity of the degeneration and the frequency and route
of administration. Preferably, daily dosage levels are from 5 mg to 2 g.

[0092] All publications and patent applications mentioned In this specification are indicative of
the level of those skilled in the art to which this invention pertains.

[0093] The following Examples illustrate the invention:

Examples

Example 1: Albumin Studies in Patients with Cirrhosis

[0094] We aimed to undertake a qualitative assessment of aloumin functionality in increasing
severity of liver disease, using a spin label and electron paramagnetic resonance
spectroscopy. A spin label for albumin, 16-doxil stearic acid (SL), was added to plasma
samples from healthy volunteers (control, n=5), stable well compensated cirrhotic subjects
(cirrhotic, n=5) and patients with acute or chronic liver failure (ACLF, n=10). 5 patients were
treated with molecular adsorbents recirculating system (MARS, 4 sessions) and 5 with
standard medical therapy. Measurements were made before and after 7 days of MARS.
Aliquots of ethanol were then added to the labelled plasma samples and the EPR spectra
recorded following each addition. Analysis of the recorded spectra provided information on
albumin conformation and binding properties. For each parameter measured, the patient's
albumin was found to have lower functional ability than that from healthy volunteer controls. In
liver failure a further decrease In function was found. No change In the albumin status was
observed following MARS therapy.

oq5oq5oq5oqcoqcoqcoqcoqcoqcoqcoqcoqcoqcoqcoqcoqcoqcoqcoqcoqcoqcoqcoqcoqcoqcoqcoqcoqcoqqoqcoqcoq5oq5oq5oq5oq5oq5oq5oqcoqcoqcoqcoqcoqcoqcoqcoqco\ §§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§

Molecular flexibility (Dg) [21] 14.706** 1.194 1.613
Fatty acid binding (Kg) [ 8.5] {17.34 * 14,888 1.375

Conformational stability (L»)
[2.9]

ranport quallty(RTQ H % 18460 * 49 20 T 110.83
Transport efficiency (RTE) %] 87 00 ~* 49 20 42 33

Detoxification ability (DTE) ~ 1130.3 * 49 80 T 4.000
[0}

o

* p<0.05, ** p<0.01 vs stable cirrhotic subjects, T, p<0.05, TT p<0.01 vs AoCLF
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day 0. Values In [ ] Indicate previously established normal healthy reference values.

[0095] The results from this study clearly indicated that the patient's albumin was severely
compromised In structure and function, which worsens In liver faillure. These patients are
typically associated with reduced plasma albumin concentrations, and this combination of
factors will result in extremely low functional capacity. Though MARS has been shown to
remove albumin bound toxins, it fails to address the underlying problem of poor quality patient
albumin.

[0096] In this same group of patients we have also examined plasma samples for the
presence of ischaemia modified albumin (IMA). IMA Is determined by examining the ability of
albumin to bind metal atoms. In functional alboumin the metal binding function is high, but
following oxidative stress (as maybe encountered during ischaemia and reperfusion) the
protein structure is damaged and the ability to bind metals is diminished.

[0097] In our group of patients we found that the amount of IMA (relative to the plasma
albumin content, see Figure 1) was significantly increased (p<0.001) In patients with liver
disease compared with healthy control subj ects. A significant increase was also found
between stable cirrhotic and ACLF subjects, again indicating that further alboumin damage is
associated with increasing severity of disease.

[0098] Though the exact protein modification that results during IMA formation iIs still the
subject of investigation, the region has been identified as being within 20 amino acid residues
of the N-terminus. This I1s of Iinterest as it is distinctly different from the identified fatty acid
binding sites examined using the EPR labelling technique described above, and indicates that
there are a number of post-translational modification processes associated with severe liver
disease.

Example 2: Neutrophil function studies

[0099] The aims of our study were to systematically examine the essential neutrophil functions,
(oxidative burst and phagocytosis) In patients with alcoholic hepatitis and examine its
relationship with infection rates, organ failure and survival. In ex vivo studies we Investigated
whether the defect in neutrophil function was due to a humoral factor and whether endotoxin
removal from plasma would restore the patient's neutrophil function.

[0100] For experiments with cells, whole blood or isolated neutrophils (and patient plasma)
were used to perform the Phagoburst® or the Phagotest® assays (Orpegen Pharma,
Heidelberg, Germany). For all experiments strict precautions were taken to avoid endotoxin
contamination by working aseptically and using endotoxin-free equipment.

Methods
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Patient selection

[0101] All patients or their relatives gave written informed consent and the study was approved
by the local ethics committee. Patients admitted with evidence of alcoholic cirrnosis were
screened for this study, at the time of a clinically indicated transjugular liver biopsy. The
patients were Included If they were admitted with acute decompensation of alcoholic cirrhosis
manifested by increasing jaundice, ascites or hepatic encephalopathy grade 1 or 2 and there
was no If there was microbiological evidence (routine cultures of urine, blood, sputum and
ascites) of infection. Patients were excluded If they were <18 or >75 years, had evidence of:
organ failure (inotrope requirement, renal failure - creatinine >150, hepatic encephalopathy
grade 3 or 4, need for mechanical ventilation, severe cardiac dysfunction), hyponatremia,
hepatic/extra-hepatic malignancy, within 3 days of gastrointestinal bleeding or if they received
any iImmunomodulatory therapy prior to entry in the study.

Study design

[0102] Following correction of any associated electrolyte disturbance or hypovolemia, blood
samples were collected and used for routine biochemistry, neutrophil function, cytokine profile
and thiobarbituric acid (T-BARS/ modified MDA) detection. Peripheral venous blood was
aseptically collected into pyrogen free tubes (BD Vacutainer Lithium-Heparin, 60U per tube,
Beckton and Dickinson, Plymouth, UK)) from patients and healthy volunteers. For experiments
with cells, blood was kept at room temperature, for harvesting plasma, blood was placed on ice
iImmediately. After centrifugation the plasma was aliquoted under pyrogen-free conditions into
endotoxin-free cryotubes (Corning Inc., Corning, NY) and stored at -80°C until further analysis.
100uL of whole blood or 50uL of isolated neutrophils and 50 uL of plasma were used to
perform the Phagoburst® or the Phagotest®. For all experiments strict precautions were taken
to avoid endotoxin contamination by working aseptically and using endotoxin-free equipment.
Bilirubin, albumin, liver function tests, coagulation parameter, full blood count, and C-reactive
protein (CRP) were routinely assessed. Maddrey's discriminant function and Pugh score were
calculated. The patients were followed prospectively over a period of 90 days. The occurrence
of organ dysfunction and mortality were recorded. Screening blood cultures were performed
regularly, and our unit policy was to use prophylactic antibiotics at the time of presentation In
most patients.

Neutrophils

[0103] Neutrophils were either investigated in a whole blood assay (as described below) or
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after i1solation by a one-step gradient centrifugation (as indicated Iin the result section, see
appendix).

[0104] Neutrophil activation (oxidative burst) and Phagocytosis: The Phagoburst® kit (Orpegen
Pharma, Heidelberg, Germany) was used to determine the percentage of neutrophils that
produce reactive oxidants by stimulation with opsonized E, coli bacteria or without any stimulus
according to the manufacturers instructions. The Phagotest® (Orpegen Pharma, Heidelberg,
Germany) was used to measure the overall percentage of neutrophils showing phagocytosis
and the individual cellular phagocytotic activity using FITC-labelled opsonized E. coli bacteria
(see appendix). Neutrophils were gated on forward and side scatter (Figure 2) characteristics
and subsequently the percentage of CD16 positive cells- FITC positive cells, corresponding to
the percentage of neutrophils undergoing phagocytosis and the geometric mean of
fluorescence intensity (GMF1), corresponding to the number of bacteria engulfed by one cell,
was analyzed. To avoid variability due to batch-to-batch difference of bacteria, results were
normalized to the mean of at least 3 healthy control samples for each new batch of bacteria
used. Samples were analyzed in triplicate or duplicate.

Incubation with endotoxin

[0105] Endotoxin (E. coli 0111:B4 Lot 085K4068, Sigma Aldrich, St. Louis, MO, USA) was
prepared as a stock solution of 1 mg/ml and freshly diluted with PBS to the concentrations
Indicated, VWhole blood was incubated for 1 h with the respective endotoxin concentration at
37°C In a water bath before Phagotest® or Bursttest® were performed.

Endotoxin removal from patient's columns

[0106] Using Detoxigel. Detoxi-Gel® Affinity-pack prepacked columns (Pierce Biotechnology,
Rockford, IL) containing an endotoxin removal gel consisting of immobilised polymixin B that
binds to the lipid A portion of bacterial lipopolysaccharide were used to remove endotoxin from
plasma samples. 100 yL of this endotoxin-ftee, diluted plasma sample were incubated with 50
uL of cell suspension and Bursttest® or Phagotest® was performed as indicated. (see
appendix). Using CD14 Antibody: 100 uL of plasma and 50 ul of PBS were incubated with 5 pL
of an ant-human CD14 antibody (Clone 11D18, Immuntools, Friesoythe, Germany) (known to
neutralise LPS) for 60 minutes before performing the Phagotest® or the Bursttest®.

Cytokines

[0107] Plasma TNFa, sTNFaR1, sTNFaR2, IL-6 and |IL-8 were determined using commercially
avallable sets (BioSource International, Nivelles, Belgium).
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Malondialdehyde and prostaglandin F2a

[0108] Malondialdehyde (MDA) was determined using a modified thiobarbituric acid reactive
substances assay as known In the art. Free 8-lIsoprostane F2alpha was assayed with a
commercial EIA kit (Cayman Chemical, Ann Arbor, Ml).

Statistics

[0109] For comparison of two groups Chi-Square test, t-test or Mann-VWhitney test were used
as appropriate, for comparison of more than two groups ANOVA test with Turkey's (equal
variances) or Dunnett C (no equal variances) post hoc analysis for data sets was used as
appropriate. To assess diagnostic accuracy, receiver operating characteristic (ROC) curves
were constructed and areas under the curve (AUROC) were calculated. Differences in survival
were analysed by the log rank test. Pearson's correlation coefficient was used to assess
relationship between variables. Results are given as mean £ SEM, A p<0.05 was considered
as significant.

Results

Patient characteristics

[0110] Of the 72 patients screened, 63 patients were Included. Patients were classified
histologically into those having significant inflammation, using a modified NASH scoring system
(cirrhosis+AH) as compared to cirrhosis alone. Patients with cirrhosis+AH (n=23) were more
severely Ill as evidenced by a higher MELD and Pugh score (p<0.001) as compared to patients
with cirrnosis alone (n=40). Patients with cirrhosis+tAH also had significantly higher CRP
(p<0.005), white blood cells (p<0.001), bilirubin (p<0.001) and prothrombin time (p<0,001).
Patients had higher levels of TNFa, IL6, IL8, sTNFaR1, sTNFaR2, MDA and prostaglandin F2a
than controls. Patients with cirrhosis+tAH had significantly higher levels of 11,6, IL8 and
sTNFaR2, but no statistically significant changes were noted for TNFa, sTNFaR1 and oxidative
stress. No correlation with disease severity was found. For the ex vivo experiments blood or
plasma from 16 of these 63 patients was used. The baseline clinical data for these 63 patients
were not significantly different from the whole cohort. Table 1 shows the baseline
characteristics for all patients and for the subgroups having high and low resting bust (see
below).

Oxidative burst and phagocytosis in patients with alcoholic cirrhosis
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[0111] In un-stimulated patient neutrophils, neutrophil oxidative burst was increased when
compared with controls. Neutrophils from patients with alcoholic cirrhosis overall had a 5.6
times higher resting oxidative burst (p<0.001) than healthy controls. Neutrophils from patients
with cirrhosis+AH had significantly higher resting oxidative burst compared to patients with
cirrhosis alone (p<0.001) or controls (p<0.001, Figure 2A). Stimulation with fMLP, indicating
priming, caused a significant higher oxidative burst reaction in patients with cirrhosis (p=0.01)
and cirrhosistAH (p=0.001) as compared to controls whereas there was no difference In
response to PMA between the groups. The difference between resting burst and fMLP
response was significantly lower in patients with cirrhosis+AH (1.8+4.7) than In patients In
cirrhosis (22.4+6.9, p=0.02), showing that addition of fMLP in patients with cirrhosis+AH Is not
able to enhance function of the cells any more. Furthermore, following stimulation with E. coli,
the relative Iincrease In oxidative burst from resting levels was significantly diminished In

eirrhosis+AH patients compared with cirrhosis alone (p=0.001) or controls (p<0.001, Figure
2B).

[0112] Phagocytotic capacity was measured by the geometric mean of fluorescence intensity
(GMFI), which indicates the number of bacteria engulfed by one cell. Patients with cirrhosis+AH
engulfed significantly less bacteria than controls (p=0.031, Figure 2C). The percentage of cells
engulfing at least one bacterium did not differ between the groups.

Association of resting oxidative burst and phagocytosis with infection, organ failure
and survival

[0113] Seventeen (26%) developed organ failure and 13 (21% of all studied patients) died
during Iindex hospital admission. The most common organ failure encountered was renal,
noted Iin 15 of the patients with organ failure (88%), with 4 patients developing this as part of
multi-organ failure with requirement for ventilation and circulatory support. By 90 days, 14
(22%) patients had died, 47 were alive and 2 were lost to follow-up. Resting oxidative burst
was found to be predictive of 90-day survival (AUROC 0.77, p=0.003, Figure 3A) and organ
fallure (AUROC 0.76, p<0.001). A cutoff of resting burst <55% had a sensitivity of 77% and a
specificity of 69% for predicting death. Patients with a resting oxidative burst <55% survive
significantly better than those with a resting burst >/= 55% (p<0.005, Figure 3B). Phagocytic
function was also predictive of survival (AUROC 0.80, p=0.02, Figure 4A) and organ failure
(AUROC 0.91, p<0.0001). A GMFI of lower than 42% of normal within the studied patient
population had a sensitivity of 86% and a specificity of /0% to predict mortality (Figure 4B).

[0114] In 42 (66%) patients infection was clinically suspected during the course of the hospital
admission although none of the patients included had a proven Infection at the time the
neutrophil function was assessed. These data should be considered In context since our
protocol for management, necessitates the use of broad spectrum antibiotics as soon as an
Infection 1s suspected. In 26 of these patients (62%), culture positive infection was verified. In
13, more than one organism was found. Patients with a high resting burst (>55%) were more
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likely to develop culture positive infections (57% versus 27%, chi-square p=0.01), earlier during
hospital stay (8 vs 23 days, p=0.04) and with more than one organism (n=10; n=3 In patients
with low resting burst). Patients with cirrhosis+AH were more likely to develop culture positive
Infections (65% versus 28%, p=0.004). Those patients who developed culture positive
Infections, were more likely to develop organ failure (p=0.001) and to die (p=0.002). 67% of
patients with a GMFI| below 42% developed culture positive infection, whereas only 21% of
patients with a GMF| above 42% (p=0.007). Patients with low GMFI| developed Infections
earlier during their hospital stay (9 vs 47 days, p=0.03)

Effect of patients plasma and normal plasma on neutrophils oxidative burst

[0115] Plasma from patients with a high resting burst (>55%; n=6) induced a high resting burst
In normal neutrophils (p=0.005) whereas plasma of patients with a low resting burst (<55%;
n=6) failled to do so (Figure 5). The burst-inducing effect was detectable immediately after
mixing plasma and cells but could also be shown after up to one hour of incubation (results not
shown). This result indicated that there Is a transmissible factor present in patient's plasma
which causes neutrophils activation.

[0116] When Isolated neutrophils of patients with high resting burst in the whole blood assay
were Incubated with normal plasma, the resting burst decreased significantly as compared to
Isolated neutrophils incubated with the patients own plasma (p=0.02; Figure 6). These
experiments suggested that the removal of a factor present in plasma was able to reduce the
high resting burst in patients’ cells.

Effect of patients’ plasma and normal plasma on phagocytosis

[0117] Normal neutrophils incubated with plasma from patients with a low resting burst did not
differ from control, whereas normal neutrophils incubated with plasma from patients with high
resting burst showed a 22% decrease in GMFI (p=0.03, n=6). Patients neutrophils incubated
for 60 minutes with normal plasma showed a 22% increase (p=0.03, n=6) In phagocytosis as
compared to patients neutrophils incubated with their own plasma. These results indicate that
Impairment of phagocytic function may be due to a serum factor that is transmissible and
reversible.

Effect of endotoxin on oxidative burst and phagocytosis

[0118] Blood from five healthy volunteers was Incubated with rising concentrations of
endotoxin. There was a dose dependent increase In resting burst (p<0.0001, one way ANOVA

with Turkey post hoc analysis; Figure 7). By incubation of patient's neutrophils with endotoxin,
the relative GMFI| was reduced by 20% (n=8, p=0.02, Figure 8). These results indicate that
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endotoxin activates normal neutrophils iIn a dose-dependent manner thereby mimicking the
effect seen by incubation with patients' plasma.

Effect of removing endotoxin from patients plasma

[0119]

1. a. Using Detoxi-Gel columns: Plasma from patients shown to have a high resting burst In
the whole blood assay was able to induce a high resting burst in normal neutrophils.
Endotoxin free plasma (obtained from passage through the columns) did not induce a
high resting burst in normal neutrophils (p<0.001, n=9). Plasma from patients with low
resting burst (p=0.91, n=4) and normal plasma (p=0.25, n=3) did not change resting
burst (Figure 9). Endotoxin removal from the plasma of patients with a high resting burst
(n-11) Increased GMFI by 31% (p=0.03) as compared to cells incubated with untreated
plasma. Plasma from patients with low resting burst (p=0.16, n=8) and normal plasma
(p=0.85, n=5) that was passed over the column did cause any changes in GMFI (Figure
11). This set of experiments shows that endotoxin removal by polymixin B reverses the
burst-inducing and phagocytosis-decreasing effect of patients' plasma.

2. b. Using LPS-neutralising antibodies: Incubation with a LPS neutralising anti-human
CD14 antibody prevented the induction of high burst in normal cells by plasma from
patients with a high burst (p<0.001, n=7). Incubation of plasma from patients with low
burst (p=0.733, n=8) or normal plasma (p=0.25, n=3) with the antibody did not change
burst (Figure 9). Incubation of plasma from patients with a high burst with a LPS
neutralising anti-human CD14 antibody increases GMFI| by 20% (p=0.04, n=11) whereas
this antibody does not cause any changes in GMFI| VWhen plasma from patients with low
burst (p=0.17, n=8) or normal plasma (p=0.7/8, n=3) was used (Figure 10). This finding
underpins the observation that endotoxin maybe responsible for the induction of high
resting burst in neutrophils.

Table 1
Iow restlng burst h|gh restlng burst
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3000000000000000000000000000000000000000000000000000000000000000000000000&‘00000000000000000000000000000000000\ 00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
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hrgh resting burst
(N=28)
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Documented culture positive infections in patients studied
high burst low burst
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second
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organism

.

T [aibcans

EC: Enterococcus, MRSA: methicillin-resistant Staphylococcus aureus, CNS:

coagulase-negative Staphylococcus, St.: Staphylococcus, Str.: Streptococcus, C.:
Candidia

Methodology

Neutrophil activation (oxidative burst) and Phagocytosis

[0120] The Phagoburst® kit (Orpegen Pharma, Heidelberg, Germany) was used to determine
the percentage of neutrophils that produce reactive oxidants by stimulation with opsonized E.
coli bacteria or without any stimulus according to the manufacturers instructions. In brief 100 pl
of heparinized whole blood or isolated neutrophils (as indicated) were incubated for 20 minutes
with 20 ul of the bacteria, N-formylmethionyl-leucyl-pehnylalanine (fMLP), phorbol 12-myristate
13-acetate (PMA) or without stimulus at 37°C. Formation of the reactive oxidants during the
oxidative burst was monitored by the addition and oxidation of dihydrorhodamine 123. To
iIdentify neutrophils, cells were stained with anti-CD16-PE antibody (IOTest®, Beckman Coulter)
and analysed by fluorescence activated cell sorting. (FACS), (Becton Dickinson FACScan, San
Jose, CA)) using Cellquest™ software. Neutrophils were gated on forward and side scatter
characteristics and subsequently the percentage of CD16 positive cells producing reactive
oxygen metabolites determined by green fluorescence (FL-1) measurement. Samples were
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analyzed in triplicate or duplicate. The interassay coefficient of variation (CV) for resting burst
was 95,4%, for stimulated burst 4,2%, the Intraassay CV for resting burst was 4,7%, for
stimulated burst 2,4%.

Neutrophil Phagocytosis

[0121] The Phagotest® (Orpegen Pharma, Heidelberg, Germany) was used to measure the
overall percentage of neutrophils showing phagocytosis and the individual cellular phagocytotic
activity using FITC-labelled opsonized E. coli bacteria. 100 upl of whole blood or isolated
neutrophils (as indicated below) were incubated with 20 ul of bacteria at 37°C for 20 min while
a negative control sample remained on ice. To identify neutrophils, cells were stained with anti-
CD-16-PE antibody (IOTest®, Beckman Coulter) Neutrophils were gated on forward and side
scatter (Figure 2A) characteristics and subsequently the percentage of CD16 positive cells-
FITC positive cells, corresponding to the percentage of neutrophils undergoing phagocytosis
and the geometric mean of fluorescence intensity (GMFI), corresponding to the number of
bacteria engulfed by one cell, was analyzed (Figure 1B, D, F). To avoid misinterpretation of
results due to batch-to-batch variability of bacteria, results are normalized to the mean of at
least 3 healthy control samples for each new batch of bacteria used. Samples were analyzed In
triplicate of duplicate. The interassay CV for percentage of phagocytosis was 6,8%, for GMF|
10,1% the respective intraassay CV for percentage of phagocytosis was 4,1%, and 1,6% for

GMFI,

Neutrophil Isolation

[0122] 4 ml| of whole blood were layered over 5 ml of Polymorphoprep (Axis-Shield, Oslo,
Norway) and spun for 30 min at 400g, at room temperature, Neutrophils were harvested from
the second interface and washed with PBS ((Sigma Aldrich, St. Louis, MO, USA). Neutrophils

are counted in a Thoma-hemocytometer and resuspended in PBS at a density of 5 x 10° cell in
50 uL. 50 uL of cell suspension and 50 yL of plasma were used for one assay. Viability was
tested by Trypan Blue exclusion and was over 98%.

Endotoxin removal columns

[0123] Detoxi-Gel Affinity-pack prepacked columns (Pierce Biotechnology, Rockford, |[L)
containing an endotoxin removal gel consisting of immobilised polymixin B that binds to the
lipid A portion of bacterial lipopolysaccharide were used to remove endotoxin from plasma
samples. The columns were regenerated with 1% sodium deoxycholate (Sigma Aldrich, St.
Louis, MO, USA), washed with sterile water and equilibrated with sterile sodium chloride 0.9%
supplemented with 501U/ml of heparin (Multipharm, Waxham, UK) at room temperature.
Plasma samples are diluted 1:1 with PBS and applied on the column and after discarding the



DK/EP 2061533 T3

void the sample was collected in a pyrogen free sample tube. 150 uL of this endotoxin-free,
diluted plasma sample were incubated with 50 pyL of cell suspension and Bursttest® or
Phagotest® was performed as indicated.

Cytokines

[0124] TNFa, sTNFaR1, sTNFaR2, IL-6 and |L-8 were determined from ethylenediamine-
tetraacetate anticoagulated plasma samples using commercially available sets (BioSource
International, Nivelles, Belgium) following the manufacturer's instructions. The lower limit for
the detection of the cytokines was 3 pg/mL. The intra-assay coefficient of variation was 5.4% to
6.4%. IL-6 and |L-8 were undetectable in controls.

Example 3: Effects of albumin administration and bacterial endotoxin sequestration In
a rodent model of decompensated cirrhosis.

[0125] The purpose of this study was to test whether aloumin and/or endotoxin removal would
be beneficial in a rodent model of decompensated cirrhosis. In this model, the additional insult
secondary to the cirrhosis Is Instigated via the Infusion of bacterial endotoxin
(lipopolysaccharide, LPS) which is commonly used to simulate the effects of infection.

Methods.

[0126] All studies were conducted according to Home Office guidelines under the Animals In
Scientific Procedures Act 1986. Male Sprague-Dawley rats (230-280 g, Charles Rivers Ltd.)
were given free access to normal rodent chow and water, with a light dark cycle of 12 hours,
19-23°C, and humidity of approximately 5.0%.

[0127] Bile duct ligation (BDL) was achieved by making a midline abdominal incision under
anaesthesia. In the BDL group, the common bile duct was isolated, triply ligated with 3-0 silk,
and sectioned between the ligatures. After BDL, all animals continued to gain weight and were
comparable with naive controls. The overall mortality was less than 10% and occurred within
36 hours of the operation.

[0128] Between 24-26 days post surgery the animals were anaesthetised and indwelling
cannulae were inserted into the left carotid artery and right jugular vein. The arterial line was
used for continuous blood pressure monitoring (Biopac Systems, Goleta, CA. USA) and blood
sample collection, and the venous line for continuous infusion of fluids.

[0129] All BDL animals received an Intra-venous infusion of LPS (1mg/Kg, Klebsiella
pnuemoniae, Sigma, Poole. UK.) over 20 minutes followed by a continuous infusion
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(10mis/Kg/hour) of. 1) Saline; 1) Aloumin (1.5g/Kg, Zenalb, BPL, Elstree. UK) In saline; i)
Polymixin B (Z2mg/Kg, Sigma, Poole. UK); or iv) albumin plus polymixin B (as above): to a total
experimental time of 3 hours post surgery. Arterial samples were collected at 0, 1, 2 and 3
hours for analysis of neutrophil function.

[0130] The animals were killed by exsanguinations under anaesthesia, with the blood collected
for analysis. All studies were performed on liver tissue at 25 to 28 days post BDL, and 4
animals were used In the final analysis in each group.

[0131] At the end of the experiment blood was collected Iinto Iice-cold sterile tubes (BD
Vacutainer system, Becton Dickenson. UK), and held on ice before centrifuging (3000 rpm,
4°C, 10 minutes) to separate the plasma which was then stored at -80°C prior to analyses.

[0132] Plasma was analysed for endotoxin content using the commercially available Endosafe
system (Charles Rivers Laboratories, Cedex, France) measured using a Tecan Sunrise 96 well
plate reader (Tecan, Austria) according to manufacturer's instructions (see, for example,
Stadlbauer et al J. Hepatol 2007; 47: 726-727). Plasma was also measured for albumin
content, ALT, and urea, using a Cobas Integra 400 laboratory analyser (Roche Diagnostics,
Sussex. UK).

[0133] Neutrophil function was measured using a Phagoburst assay kit (Orpegen, Heidelberg,
Germany) using a FACScanto flowcytometer (Becton Dickenson, UK) according to
manufacturer's instructions (see, for Example, Mookerjee et al Hepatology 2007; 46: 831-840).

[0134] Statistical analyses were conducted using the Graphpad Prism software package
(Graphpad, Ca, USA) using the methods indicated.

Results.

[0135] It can be seen In Figure 12 that endotoxin was readily detectible in the plasma of saline
treated animals after 3 hours. In the groups given polymixin B, either alone or in combination
with albumin, the endotoxin level was found to be below the detection imit of the assay. A small
amount was found present in the albumin-only treated group, though this was still a small
fraction compared to the saline treated animals (p<0,001). Though it is known that albumin has
the ability to bind albumin, it was not found to be as effective at the administered dose as
polymixin.

[0136] BDL animals are known to have significantly reduced plasma albumin concentrations
resulting from the ongoing liver injury. Albumin administration was found to significantly
Increase the measured plasma albumin levels (p<0.05 vs saline) by approximately 25%.
Though this was still found to be significantly less than samples collected from naive healthy
animals (p<0.01, Figure 13A).
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[0137] Though it would be expected that BDL animals would have increased transaminase
levels (ALT, Figure 13B) it was interesting to note that each of the treatment groups were found
to have lower ALT scores. Though these differences were not found to be significant due to
Intra-group variation, it would appear that endotoxin exacerbates the underlying liver condition
its removal is beneficial for the liver.

[0138] Urea levels were elevated in all groups compared with naive healthy animals, but were
found to be significantly lower in the albumin/polymixin group compared with the albumin only
group (p<0.05, Figure 13C). Reduced levels were also observed in the polymixin only group.

[0139] Figure 14 shows the measured mean arterial pressure data collected throughout the
study period. It can be seen that the saline only group maintains the initial pressure for the first
90 minutes, after which a progressive deterioration I1s observed. Both the albumin and
albumin/polymixin groups maintain blood pressure throughout the whole study period, with the
albumin/polymixin animals showing an increase in pressure at 3 hours. |t should be noted that
all of the BDL animals are considered to be hypotensive at the start of the study as the normal
MAP for an anaesthetised rat should be circa. 120mmHg.

[0140] In Figure 15 it can be seen that there Is a progressive improvement in the ability of the
neutrophils to respond to pathogenic bacteria in both the albumin and albumin/polymixin
group, with apparently better response with the combination therapy. No change is evident In
the saline treated animals. The polymixin B only group has not been included In this figure due
to clotting irregularities preventing a representative sample size being presented.
Measurements of spontaneous neutrophil activity were also made, though no differences
between groups were observed In these samples.

Discussion

[0141] It is evident that the administration of aloumin to an established rat model of cirrhosis Is
beneficial In preventing an acute deterioration following exposure to bacterial toxins.
Furthermore, these effects are improved by the synergistic addition of an agent to bind and
remove endotoxin.

[0142] In Figure 12, the removal of measurable endotoxin from the system was only achieved
In the groups treated with polymixin B, though the albumin only group did achieve a
substantive reduction. It may be that increasing the albumin dosage further would have further
reduced the plasma endotoxin level, however this dose was chosen to reflect a typical amount
given to hospital inpatients and was not targeted at LPS binding specifically. It is not clear how
much free endotoxin in the system is required to exert a negative physiological response.

[0143] Though, as expected, the administration of aloumin caused a significant increase in the
measured plasma levels, these were still found to be lower than In healthy animals. In this
study we aimed to provide a typical therapeutic daily dose of albumin, though hospital patients
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would be expected to receive this treatment on successive days. It is likely that the existing
albumin in these animals has been damaged by the disease process and that the provision of
new, 'healthy' aloumin has a substantial metabolic benefit to the animal.

[0144] It was expected to find Iincreased ALT levels In all of the BDL animals due to the
ongoing liver damage, however it appear as though the administration of endotoxin causes a
further deterioration in the state of the liver which was ameliorated in the treatment groups.
Though these differences were not found to be significant due to intra-group variation, it would
appear that treatment with polymixin B i1s most effective in preventing further liver damage.

[0145] Urea levels are a reflection of both the synthetic processes resulting from protein
breakdown and the ability of the kidneys to excrete waste products from the body. It Is
Interesting to note that a significant difference was observed between the albumin only and
albumin/polymixin treated groups. The albumin treated animals showed a slight increase In
urea levels compared with the saline group, which may reflect the amount of protein being
administered. Interestingly, the animals receiving the combination treatment had significantly
lower plasma urea levels. This reduction in plasma urea may be related to the improved mean
arterial pressure levels observed In these animals (Figure 15). As stated above, all of these
BDL animals were found to be hypotensive which is known to cause a reduction in renal blood
flow and hence function. By improving systemic pressure, even if only marginally, there is likely
to be a consequent beneficial effect on renal blood flow and excretory function.

[0146] In summary, the administration of albumin to cirrhotic animals was found to improve the
status of the animal and prevent a number of the symptoms of the induced decompensation.

Furthermore, the addition of an agent to remove endotoxin significantly improved the effects of
albumin.
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PATENTKRAV

1. Anordning til anvendelse | behandling af en person med leversygdom,

hvilken anordning omfatter:
(a) et middel til selektiv fjernelse af albumin fra blodet fra en person;
(b) et middel til selektiv flernelse af endotoksin fra blodet fra en person og

(C) et middel til tilfersel af albumin, der Ikke er afledt fra personen, til personens
blod;

hvor midlet (a) omfatter et middel til dialyse af aloumin omfattende en membran
med en porestarrelse, der er starre end 50 kDa og mindre end 100 kDa, og hvor

(a) og (b) er adskilte bestanddele af anordningen.
2. Anordning til anvendelse ifalge krav 1, der endvidere omfatter:
(d) et middel til fiernelse af toksiner bundet til aloumin fra personens blod.

3. Anordning til anvendelse ifelge et hvilket som helst af de foregaende

krav, der er til anvendelse ex vivo.

4. Anordning til anvendelse ifglge et hvilket som helst af de foregaende

krav, hvor midlet (a) omfatter en fast baerer, der selektivt kan binde albumin.

5. Anordning til anvendelse ifalge et hvilket som helst af de foregaende

krav, hvor midlet (b) omfatter en fast baesrer, der selektivt kan binde endotoksin.

6. Anordning til anvendelse Ifglge et hvilket som helst af kravene 1 til 5,

hvor albumin fra del (c) er albumin af farmaceutisk kvalitet.

7. Anordning til anvendelse ifalge et hvilket som helst af de foregaende

krav, hvor personens blod passerer gennem anordningen ex vivo.

8. Anordning til anvendelse ifalge et hvilket som helst af de foregaende
krav, hvor andre bestanddele fjernet sammen med albumin feres tilbage til

personens blod.

9. Albumin, der ikke er afledt af blod fra en person, der skal behandles, til

anvendelse i en fremgangsmade til behandling af leversygdom,

hvilken fremgangsmade omfatter falgende trin:
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(a) flernelse af albumin fra personens blod;
(b) reduktion af endotoksinniveauet | personens blod og

() Indfaring af albumin, der Ikke er afledt af personen, der skal behandles, |

personens blod;

hvor trin (a) udferes ved dialyse ved hjaelp af et middel omfattende en membran
med en porestarrelse, der er starre end 50 kDa og mindre end 100 kDa, og hvor
fremgangsmadens trin (a) og (b) omfatter forskellige midler til fiernelse af albumin

og reduktion af endotoksinniveauet.

10. Albumin til anvendelse ifglge krav 9, hvor trin (a) og (c) udfgres ved

dialyse.

11. Albumin til anvendelse ifalge krav 9 eller 10, hvor: (i) trin (b) omfatter

flernelse af endotoksin fra personens blod; eller (i) trin (b) omfatter indgivelse til

personen af en terapeutisk virksom mangde af et middel, der kan reducere

endotoksinniveauet | blodet.

12. Albumin til anvendelse Ifalge et hvilket som helst af kravene 9 til 11,

hvor albumin fra trin (c) er alboumin af farmaceutisk kvalitet.

13. Albumin til anvendelse Ifalge et hvilket som helst af kravene 9 til 12,

hvor fremgangsmaden udfgres ved hjelp af en anordning ifelge et hvilket som

helst af kravene 1 til 8.

14. Fremgangsmade in vitro til behandling af blod extrakorporalt ved

selektiv flernelse af albumin og endotoksin fra blodet,
hvor blodet er fra en person med leversygdom, hvilken fremgangsmade omfatter:

(a) at bringe blodet | kontakt med en fast baerer, der selektivt binder albumin og

derved flernelse af aloumin fra blodet;

(b) at bringe blodet | kontakt med en fast baerer, der selektivt binder endotoksin og

derved fjernelse af endotoksin fra blodet; og
(C) tilsaetning til blodet af aloumin, der ikke er afledt fra samme person som blodet;

hvor fremgangsmadens trin (a) og (b) omfatter forskellige midler til fiernelse af

albumin og flernelse af endotoksin.



DK/EP 2061533 T3

3

15. Fremgangsmade ifalge krav 14, hvor den faste baerer fra (a) omfatter et

antistof, der specifikt binder albumin.
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