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Method for the treatment or prevention of
infection-related immune conditions using

a composition comprising IgM

DESCRIPTION

FIELD OF THE INVENTION

The ©present invention relates to the treatment or
prevention of immune symptoms or conditions by

administering compositions comprising IgM.

BACKGROUND OF THE INVENTION

Microbial species can become highly deleterious to the
infected patient, if that individual cannot <clear the
infection. Infections can also become septic, spreading
from an infected organ into the blood stream. These septic

infections have a poor outcome for patients.

It is well characterized that plasma-derived IgM can bind
to and prevent endotoxin-mediated toxicity towards a
patient. This 1is attributed to the inherent ability or
preference of IgM to bind glycans thereby preventing their
effects. These toxic effects of endotoxins are typically
in response to Dbacterial death or 1lysis induced by

antibiotics or the immune system of the patient.

In addition, the use of IgM compositions or IgM enriched
compositions has Dbeen proposed for the treatment of
autoimmune diseases or atherosclerosis based on the
interaction of IgM with specific hallmarks of said
diseases, for example, autoantibodies (Hurez, V. et.al.

“Pooled Normal Human Polyspecific IgM Contains
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Neutralizing Anti-ldioitypes to 1gG Autoantibodies of
Autoimmune Patients and Protects from Exaperimental Autoimmune
Disease”, Blood, 1997, Vol. 90, No. 10, 4004-4013; and Cesena,
HY. “Immune-modulation by polyclonal IgM treatment reduces
atherosclerosis in hypercholesterolemic apoE -/- mice”,
Atherosclerosis, 2012, Vol. 220, 59-65).

Septic conditions and other complications of microbial
infections are often associated with an over-stimulation of the
immune system, and are often impossible to control due to their
exaggerated magnitude and quick evolution. Therefore, there
remains a need for effective treatment regimens to reduce,

inhibit or prevent over-stimulation of the iImmune system.

SUMMARY

In one aspect, the present disclosure refers to use of a
composition comprising plasma-derived IgM in the manufacture of
a medicament Tfor treating immune complications produced by
infections in patients in need thereof, characterized in that
the infection is produced by Staphylococcus aureus,
Streptococcus pneumoniae, Clostridium difficile, Clostridium
botulinum, or combinations thereof, and characterized in that
the composition used has at least 90% (w/v) of IgM purity.

In another aspect, the present disclosure refers to use of
plasma-derived IgM in the manufacture of a medicament for the
immunomodulation of an infection in a patient In need thereof
in the treatment or prevention of infections, characterized in
that 1t comprises a composition comprising IgM to be
administered, characterized in that the infection is produced
by Staphylococcus aureus, Streptococcus pneumoniae, Clostridium
difficile, Clostridium botulinum, or combinations thereof, and
characterized in that the composition used has at least 90%
(w/v) of IgM purity.



10

15

20

25

30

2a

In one example, the present disclosure refers to a use of a
composition comprising IgM in the manufacture of a medicament
for treating immune complications produced by infections 1in

patients in need thereof.

In another example, the present disclosure refers to a use of
IgM in the manufacture of a medicament for the iImmunomodulation
of an infection in a patient in need thereof, characterized in
that it comprises a composition comprising IgM to be

administered.

In another example, the present disclosure refers to a use of a
composition comprising IgM in the manufacture of a medicament
for treating sepsis.

An example of the present disclosure provides a composition
comprising, consisting essentially of, or consisting of plasma-
derived IgM and optionally one or more excipients in a
pharmaceutical carrier.

In a further example, the present disclosure provides a
composition comprising IgM for use in the treatment of sepsis.

In a further example, the present disclosure provides a
composition comprising IgM for use in the treatment of immune

complications produced by infections.

In a further example, the present disclosure provides a method
for the treatment of iImmune complications produced by

infections iIn patients In need thereof, characterized
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in that it comprises the administration of a composition

comprising IgM.

In a further example, the present disclosure also provides
a method for the immunomodulation of an infection in a
patient in need thereof, characterized in that it
comprises the administration of a composition comprising

IgM.

BRIEF DESCRIPTION OF THE FIGURES

For a better understanding, the present invention 1is
described in more detail below with reference to the
accompanying figures, which are presented by way of
example, and with reference to illustrative examples which

are not a limitation of the present invention.

Figure 1 shows the results obtained for the assessment of
the effect of IgM on Escherichia coli LPS-induced NF-xB
activation in THP-1 <cells harboring a stable NF-xB
reporter plasmid. Both in figure 1A and 1B, the y-axis
shows the fold increase in NF-kxB activity, as measured by
the NF-xkB SEAP reporter, said increase is proportional to
the induction of NF-xB activity. Also in both figures (1A
and 1B), the various treatment groups are shown on the x-

axis. Standard error is indicated on each bar.

Figure 2 shows the results obtained for the induction of
NF-xB by Toxoid A or Toxoid B of Clostridium difficile in
THP-1 cells harboring a stable NF-kxB reporter plasmid. The
fold increase in NF-kB activity, as measured by the NF-kxB
SEAP reporter, is indicated on the y-axis and 1is

proportional to the induction of NF-xB activity. The
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concentration of Toxoid A or Toxoid B in pg/mL is shown in

the x—axis.

Figure 3 shows the results obtained for the inhibition of
Clostridium difficile’s Toxoid B-induced NF-kxB activation
in THP-1 cells harboring a stable NF-kxB reporter plasmid.
The fold increase in NF-xB activity, as measured by the
NF-xB SEAP reporter, 1s indicated on the y-axis and 1is
proportional to the induction of NF-xB activity. The
various treatment groups are shown on the x—-axis. Standard

error 1s indicated on each bar.

Figure 4 shows the results for the inhibition of
Klebsiella pneumoniae and Pseudomonas aeruginosa -induced
NF-xB activation and IL-8 secretion in THP-1 cells
harboring a stable NF-xB reporter plasmid. In figure 4A,
the y-axis shows the fold increase in NF-kB activity, as
measured by the NF-xB SEAP reporter, which is proportional
to the induction of NF-kB activity; and the x-axis shows
the wvarious treatment groups. In figure 4B the vy-axis
shows the concentration of IL-8 secreted into the culture
supernatant; and the x-axis shows the various treatment
groups. In figure 4B “UD” indicates that the IL-8 was
undetectable in the untreated control group. In both

figures, standard error is indicated on each bar.

Figure 5 shows the results obtained for the experiment
regarding the IgM-mediated Dblockage of Phorbol 12—
myristate 13—-acetate (PMA) /ionomycin—-induced cell
proliferation in peripheral blood mononuclear <cells
(PBMCs) , particularly T-cells. The fold increase in
relative proliferation with respect to the control group

is indicated on the y-axis, as measured by Cell Titer
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Glow, and is proportional to the induction cell
proliferation. The various treatment groups are shown on

the x—-axis. Standard deviation is indicated on each bar.

DETAILED DESCRIPTION OF THE INVENTION

The present inventors, after exhaustive and extensive
experimentation and investigation, have found that IgM
compositions exhibit immunomodulatory activities (for
example, by decreasing NF-xB activity induction and/or
reducing proliferation of peripheral blood mononuclear
cells) which make said compositions suitable for the
treatment of conditions related to over-stimulation of the
immune system, for example, over—-stimulation of the

immune-system associated with septic conditions.

An embodiment of the ©present invention ©provides a
composition comprising, consisting essentially of, or
consisting of plasma-derived IgM and optionally one or
more excipients in a pharmaceutical carrier. According to
particular embodiments, the one or more excipients and/or
the pharmaceutical carrier are synthetic, i.e., non-—

naturally occurring.

As used herein, the term “pharmaceutically acceptable
carrier” refers to a diluent, adjuvant, excipient, or
vehicle with which plasma-derived IgM of the present
invention is administered. Such carriers can be sterile
liquids, such as water and oils, including those of
petroleum, animal, vegetable or synthetic origin, such as
peanut o0il, soybean o0il, mineral o0il, sesame o0il and the
like, polyethylene glycols, glycerin, propylene glycol or

other synthetic solvents. Saline solutions and aqueous
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dextrose and glycerol solutions can also be employed as
liguid carriers, particularly for injectable solutions.
According to particular embodiments, the pharmaceutically
acceptable carrier is synthetic (i.e., the carrier is not

naturally-occurring) .

Non—-limiting examples of suitable excipients include
starch, glucose, lactose, sucrose, gelatin, silica gel,
sodium stearate, glycerol monostearate, talc, sodium
chloride, glycerol, propylene glycol, water, ethanol and
the 1like. Excipients may also include wetting or
emulsifying agents, or pH buffering agents such as
acetates, citrates or phosphates; antibacterial agents
such as benzyl alcohol or methyl parabens; antioxidants
such as ascorbic acid or sodium bisulfite; chelating
agents such as ethylenediaminetetraacetic acid; and agents
for the adjustment of tonicity such as sodium chloride or
dextrose. According to particular embodiments, the one or
more excipients are synthetic (i.e., the excipients are

not naturally-occurring) .

Embodiments o0of the present invention also relate to
methods for immunomodulating the responses to microbial
infections, independent of endotoxin-mediated  immune

response.

Therefore, in a first embodiment, the present invention
provides a composition comprising IgM for wuse in the

treatment of sepsis.

In a second embodiment, the present invention provides a
composition comprising IgM for use in the treatment of

immune complications produced by infections.
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In a further embodiment, the present invention provides a
method for the treatment of immune complications produced
by infections in patients in need thereof, characterized
in that it comprises the administration of a composition

comprising IgM.

Moreover, the present invention also provides a method for
the immunomodulation of an infection in a patient in need
thereof, characterized in that it comprises the

administration of a composition comprising IgM.

As used herein, “hypercytokinemia” and its plural mean an
immune complication characterized by an excess of pro-
inflammatory cytokine production as a result of a positive
feedback loop between cytokines and white blood cells,

including T-cells and macrophages.

As used herein, “hypercoagulopathy” and its plural mean an
immune complication resulting from extreme activation of
certain blood cell components, like platelets, and blood
coagulation factors of the extrinsic and intrinsic

pathways by microbes and their products.

In one embodiment, the present invention provides a
composition comprising IgM for use 1in the treatment of
sepsis. According to particular embodiments, the
composition comprises, consists essentially of, or
consists of plasma-derived IgM and optionally one or more

excipients in a pharmaceutical carrier.

Sepsis can be produced by one or more bacteria (gram-—

positive or gram-negative), one or more fungi (for
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example, Aspergillus flavus), one or more Vvirus or
combinations thereof. In a preferred embodiment, sepsis is
produced by one or more bacteria, more preferably sepsis
is produced by Escherichia coli, Pseudomonas aeruginosa,
Staphylococcus aureus, Klebsiella phneumoniae,
Streptococcus pheumoniae, Clostridium difficile,

Clostridium botulinum, or combinations thereof.

The treatment of sepsis or the septic condition 1is
performed through the treatment of immune complications,
such as pro-inflammatory responses or hyperactivation of
the immune system, which in turn is performed through
immunomodulation. Said immunomodulation is preferably
independent of endotoxin-mediated immune response and can
be exerted through wvarious means. In a preferred
embodiment, the immunomodulation is performed through
inhibition NEF-xB induction. In another embodiment,
immunomodulation is performed through the inhibition of
proliferation of ©peripheral Dblood mononuclear <cells,
preferably T-cells. In the most preferred embodiment,
immunomodulation is exerted through both means mentioned

above.

Preferably, the composition has at least 90% (w/v) of IgM
purity, more preferably at least 95% of IgM purity. In the
most preferred embodiment, the composition has a 95% (w/v)

of IgM purity.

The dose to Dbe administered of the composition is
preferably from 75 mg IgM/kg patient to 1 g IgM/kg
patient, more preferably from 75 mg IgM/kg patient to 600
mg IgM/kg patient and, most preferably, from 75 mg IgM/kg
patient to 300 mg IgM/kg patient. In addition, the
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composition 1s preferably provided or administered at
least once a week or every other day or thrice weekly or

on a daily basis.

In addition, said IgM can be recombinant, plasma-derived,
cell culture-derived, transgenic or chemically

synthesized.

If the IgM is recombinant, it can be obtained according to
any technigque known in the field of expression, production
and purification of proteins. For example, IgM nucleic

acid sequence can be inserted in any vector suitable for

expression 1in the elected host cell, e.g. Dbacteria
(Escherichia coli, Bacilus subtilis, Salmonella
typhimurium, Pseudomonas, Streptomyces and
Staphylococcus), yeast (Saccharomyces, Pichia or

Kluyveromyces dgenus), insect cells (Bombyx mori, Mamestra
brassicae, Spodoptera frugiperda, Trichoplusia ni or
Drosophila melanogaster) or mammalian cells (HelLa cells,
baby hamster kidney (BHK) cells, monkey kidney cells (COS-
1), human hepatocellular carcinoma cells (e.g., Hep G2),
human adenovirus transformed 293 cells, mouse L-929 cells,
HaK hamster cell 1lines, murine 3T3 cells derived from
Swiss, Balb-c or NIH mice, CV-1 cell 1line, cell strains
derived from in vitro culture of primary tissue or primary

explants.

Cell culture-derived IgM <can be produced through any
method or procedure known in the state of the art, for

example, the hybridoma method.
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Transgenic and chemically synthesized IgM can be produced
through any method or procedure known in the state of the

art.

In a preferred embodiment, IgM is plasma-derived IgM,
isolated from a suitable fraction of plasma, for example,
the wash of the two ANX columns procedures after
collecting IgG, as described in United States Patent
6,307,028 or further purifying said fraction by negative
selection affinity chromatography or size exclusion

chromatography.

Regarding said plasma-derived IgM, it can, optionally, be
isolated or purified to increase the relative amounts of
specific antibodies against a given exotoxin, secreted

protein, microbial species or combinations thereof.

According to particular embodiments, it is contemplated

that the composition comprising IgM is administered alone.

In another embodiment, the composition comprising IgM is
administered together with one or more other compositions
or molecules. Said other compositions or molecules are
preferably selected from anti-inflammatory molecules,
antibiotics (for example, small molecule antibiotics,
molecules that are antimicrobial in nature, natural or
synthetic peptide antimicrobials and/or proteins with
antimicrobial properties), other immunomodulators or
combinations thereof. In a preferred embodiment, said
other compositions or molecules are vancomycin, meropenem
, lactoferrin or combinations thereof. The administration
of the composition comprising IgM together with one or

more other compositions or molecules as mentioned above
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includes the administration at the same time of all the
compositions or molecules or the administration one after

the other of the compositions or molecules to be provided.

The composition comprising IgM can be used both, for the
treatment of sepsis, as mentioned above, and for the

prevention of said disease.

In a further embodiment, the present invention discloses a
composition comprising IgM for use 1in the treatment of

immune complications produced by an infection.

Infection can be produced by one or more bacteria (gram-—
positive or gram-negative), one or more fungi (for
example, Aspergillus flavus), one or more Vvirus or
combinations thereof. In a preferred embodiment, the
infection 1s produced by one or more bacteria, more
preferably the infection is produced by Escherichia coli,
Pseudomonas aeruginosa, Staphylococcus aureus, Klebsiella
pneumoniae, Streptococcus pheumoniae, Clostridium

difficile, Clostridium botulinum or combinations thereof.

The treatment of immune complications, such as pro-
inflammatory responses or hyperactivation of the immune
system, is performed through  immunomodulation. Said
immunomodulation is preferably independent of endotoxin-—
mediated immune response and can be exerted through
various means. In a preferred embodiment, the
immunomodulation is performed through inhibition NF-kB
induction. In another embodiment, immunomodulation is
performed through the inhibition of proliferation of

peripheral blood mononuclear cells, preferably T-cells. In
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the most preferred embodiment, immunomodulation is exerted

through both means mentioned above.

The composition preferably has at least 90% (w/v) of IgM
purity, more preferably at least 95% (w/v) of IgM purity.
In the most preferred embodiment, the composition used

comprises 95% (w/v) of IgM purity.

The dose to be administered of the composition 1is
preferably from 75 mg IgM/kg patient to 1 g IgM/kg
patient, more preferably from 75 mg IgM/kg patient to 600
mg IgM/kg patient and, most preferably, from 75 mg IgM/kg
patient to 300 mg IgM/kg patient. In addition, the
composition 1is preferably provided or administered at
least once a week or every other day or thrice weekly or

on a daily basis.

In addition, said IgM can be recombinant, plasma-derived,
cell culture-derived, transgenic or chemically

synthesized.

If the IgM is recombinant, it can be obtained according to
any technigque known in the field of expression, production
and purification of proteins. For example, IgM nucleic

acid sequence can be inserted in any vector suitable for

expression 1n the elected host «cell, e.g. Dbacteria
(Escherichia coli, Bacilus subtilis, Salmonella
typhimurium, Pseudomonas, Streptomyces and
Staphylococcus), yeast (Saccharomyces, Pichia or

Kluyveromyces genus), insect cells (Bombyx mori, Mamestra
brassicae, Spodoptera frugiperda, Trichoplusia ni or
Drosophila melanogaster) or mammalian cells (HelLa cells,

baby hamster kidney (BHK) cells, monkey kidney cells (COS-
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1), human hepatocellular carcinoma cells (e.g., Hep G2),
human adenovirus transformed 293 cells, mouse L-929 cells,
HaK hamster cell 1lines, murine 3T3 cells derived from
Swiss, Balb-c or NIH mice, CV-1 cell 1line, cell strains
derived from in vitro culture of primary tissue or primary

explants.

Cell culture-derived IgM can be produced through any
method or procedure known in the state of the art, for

example, the hybridoma method.

Transgenic and chemically synthesized IgM can be produced
through any method or procedure known in the state of the

art.

In a preferred embodiment, IgM is plasma-derived IgM,
isolated from a suitable fraction of plasma, for example,
the wash of the two ANX columns procedures after
collecting IgG, as described in United States Patent
6,307,028 or further purifying said fraction by negative
selection affinity chromatography or size exclusion

chromatography.

In another preferred embodiment, the immune complication
produced by an infection is hypercytokinemia,

hypercoagulopathy or organ failure.

Regarding said plasma-derived IgM, it can, optionally, be
isolated or purified to increase the relative amounts of
specific antibodies against a given exotoxin, secreted

protein, microbial species or combinations thereof.
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According to particular embodiments, 1t 1is contemplated

that the composition comprising IgM is administered alone.

In another embodiment, the composition comprising IgM is
administered together with one or more other compositions
or molecules. Said other compositions or molecules are
preferably selected from anti-inflammatory molecules,
antibiotics (for example, small molecule antibiotics,
molecules that are antimicrobial in nature, natural or
synthetic peptide antimicrobials and/or proteins with
antimicrobial properties), other immunomodulators or
combinations thereof. In a preferred embodiment, said
other compositions or molecules are vancomycin, meropenem,
lactoferrin or combinations thereof. The administration of
the composition comprising IgM together with one or more
other compositions or molecules as mentioned above
includes the administration at the same time of all the
compositions or molecules or the administration one after

the other of the compositions or molecules to be provided.

The composition comprising IgM can be used both, for the
treatment of the immune complications produced by an
infection, as mentioned above, and for the prevention of

said immune complications.

In an additional embodiment, the present invention refers
to a method for the treatment of immune complications
produced by infections in patients in need thereof,
characterized in that it comprises the administration of a

composition comprising IgM.

The infection can be produced by one or more bacteria

(gram-positive or gram-negative), one or more fungi (for
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example, Aspergillus flavus), one or more Vvirus or
combinations thereof. In a preferred embodiment, the
infection 1s produced by one or more bacteria, more
preferably the infention is produced by Escherichia coli,
Pseudomonas aeruginosa, Staphylococcus aureus, Klebsiella
pneumoniae, Streptococcus pheumoniae, Clostridium

difficile, Clostridium botulinum or combinations thereof.

The treatment of immune complications, such as pro-
inflammatory responses or hyperactivation of the immune
system, is performed through  immunomodulation. Said
immunomodulation is preferably independent of endotoxin-—
mediated immune response and can be exerted through
various means. In a preferred embodiment, the
immunomodulation is performed through inhibition NF-kB
induction. In another embodiment, immunomodulation is
performed through the inhibition of proliferation of
peripheral blood mononuclear cells, preferably T-cells. In
the most preferred embodiment, immunomodulation is exerted

through both means mentioned above.

The composition preferably has at least 90% (w/v) of IgM
purity, more preferably at least 95% (w/v) of IgM purity.
In the most preferred embodiment, the composition used

comprises 95% (w/v) of IgM purity.

The dose to Dbe administered of the composition is
preferably from 75 mg IgM/kg patient to 1 g IgM/kg
patient, more preferably from 75 mg IgM/kg patient to 600
mg IgM/kg patient and, most preferably, from 75 mg IgM/kg
patient to 300 mg IgM/kg patient. In addition, the

composition 1is preferably provided or administered at
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least once a week or every other day or thrice weekly or

on a daily basis.

In addition, said IgM can be recombinant, plasma-derived,
cell culture-derived, transgenic or chemically

synthesized.

If the IgM is recombinant, it can be obtained according to
any technigque known in the field of expression, production
and purification of proteins. For example, IgM nucleic

acid sequence can be inserted in any vector suitable for

expression 1in the elected host cell, e.g. bacteria
(Escherichia coli, Bacilus subtilis, Salmonella
typhimurium, Pseudomonas, Streptomyces and
Staphylococcus), yeast (Saccharomyces, Pichia or

Kluyveromyces dgenus), insect cells (Bombyx mori, Mamestra
brassicae, Spodoptera frugiperda, Trichoplusia ni or
Drosophila melanogaster) or mammalian cells (HelLa cells,
baby hamster kidney (BHK) cells, monkey kidney cells (COS-
1), human hepatocellular carcinoma cells (e.g., Hep G2),
human adenovirus transformed 293 cells, mouse L-929 cells,
HaK hamster cell 1lines, murine 3T3 cells derived from
Swiss, Balb-c or NIH mice, CV-1 cell 1line, cell strains
derived from in vitro culture of primary tissue or primary

explants.

Cell culture-derived IgM <can be produced through any
method or procedure known in the state of the art, for

example, the hybridoma method.

Transgenic and chemically synthesized IgM can be produced
through any method or procedure known in the state of the

art.
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In a preferred embodiment, IgM 1is plasma-derived IgM,
isolated from a suitable fraction of plasma, for example,
the wash of the two ANX columns procedures after
collecting IgG, as described in United States Patent
6,307,028 or further purifying said fraction by negative
selection affinity chromatography or size exclusion

chromatography.

Regarding said plasma-derived IgM, it can, optionally, be
isolated or purified to increase the relative amounts of
specific antibodies against a given exotoxin, secreted

protein, microbial species or combinations thereof.

According to particular embodiments, it is contemplated

that the composition comprising IgM is administered alone.

In another embodiment, the composition comprising IgM is
administered together with one or more other compositions
or molecules. Said other compositions or molecules are
preferably selected from anti-inflammatory molecules,
antibiotics (for example, small molecule antibiotics,
molecules that are antimicrobial in nature, natural or
synthetic peptide antimicrobials and/or proteins with
antimicrobial properties), other immunomodulators or
combinations thereof. In a preferred embodiment, said
other compositions or molecules are vancomycin, meropenem,
lactoferrin or combinations thereof. The administration of
the composition comprising IgM together with one or more
other compositions or molecules as mentioned above
includes the administration at the same time of all the
compositions or molecules or the administration one after

the other of the compositions or molecules to be provided.
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The method of the present invention can be used both, for
the treatment of immune complications produced by an
infection, as mentioned above, and for the prevention of

said immune complications.

Finally, the present invention also discloses a method for
the immunomodulation of an infection in a patient in need
thereof, characterized in that it comprises the

administration of a composition comprising IgM.

Said immunomodulation can be used for the treatment or the
prevention of infections or infection-related symptoms or

conditions.

The infection can be produced by one or more bacteria
(gram-positive or gram-negative), one or more fungi (for
example, Aspergillus flavus), one or more Vvirus or
combinations thereof. In a preferred embodiment, the
infection 1is produced by one or more bacteria, more
preferably the infention is produced by Escherichia coli,
Pseudomonas aeruginosa, Staphylococcus aureus, Klebsiella
pneumoniae, Streptococcus pneumoniae, Clostridium

difficile, Clostridium botulinum or combinations thereof.

Said immunomodulation allows the treatment of immune
complications, such as pro-inflammatory responses or
hyperactivation of the immune system and is preferably
independent of endotoxin-mediated immune response and can
be exerted through various means. In a preferred
embodiment, the immunomodulation is performed through
inhibition NF-xB induction. In another embodiment,

immunomodulation is performed through the inhibition of
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proliferation of ©peripheral Dblood mononuclear cells,
preferably T-cells. In the most preferred embodiment,
immunomodulation is exerted through both means mentioned

above.

The composition preferably has at least 90% (w/v) of IgM
purity, more preferably at least 95% (w/v) of IgM purity.
In the most preferred embodiment, the composition used

comprises 95% (w/v) of IgM purity.

The dose to be administered of the composition 1is
preferably from 75 mg IgM/kg patient to 1 g IgM/kg
patient, more preferably from 75 mg IgM/kg patient to 600
mg IgM/kg patient and, most preferably, from 75 mg IgM/kg
patient to 300 mg IgM/kg patient. In addition, the
composition 1is preferably provided or administered at
least once a week or every other day or thrice weekly or

on a daily basis.

In addition, said IgM can be recombinant, plasma-derived,
cell culture-derived, transgenic or chemically

synthesized.

If the IgM is recombinant, it can be obtained according to
any technigque known in the field of expression, production
and purification of proteins. For example, IgM nucleic

acid sequence can be inserted in any vector suitable for

expression 1in the elected host cell, e.g. bacteria
(Escherichia coli, Bacilus subtilis, Salmonella
typhimurium, Pseudomonas, Streptomyces and
Staphylococcus), yeast (Saccharomyces, Pichia or

Kluyveromyces genus), insect cells (Bombyx mori, Mamestra

brassicae, Spodoptera frugiperda, Trichoplusia ni or
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Drosophila melanogaster) or mammalian cells (HelLa cells,
baby hamster kidney (BHK) cells, monkey kidney cells (COS-
1), human hepatocellular carcinoma cells (e.g., Hep G2),
human adenovirus transformed 293 cells, mouse L-929 cells,
HaK hamster cell 1lines, murine 3T3 cells derived from
Swiss, Balb-c or NIH mice, CV-1 cell 1line, cell strains
derived from in vitro culture of primary tissue or primary

explants.

Cell culture-derived IgM can be produced through any
method or procedure known in the state of the art, for

example, the hybridoma method.

Transgenic and chemically synthesized IgM can be produced
through any method or procedure known in the state of the

art.

In a preferred embodiment, IgM is plasma-derived IgM,
isolated from a suitable fraction of plasma, for example,
the wash of the two ANX columns procedures after
collecting IgG, as described in United States Patent
6,307,028 or further purifying said fraction by negative
selection affinity chromatography or size exclusion

chromatography.

Regarding said plasma-derived IgM, it can, optionally, be
isolated or purified to increase the relative amounts of
specific antibodies against a given exotoxin, secreted

protein, microbial species or combinations thereof.

According to particular embodiments, 1t 1is contemplated

that the composition comprising IgM is administered alone.
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In another embodiment, the composition comprising IgM 1is
administered together with one or more other compositions
or molecules. Said other compositions or molecules are
preferably selected from anti-inflammatory molecules,
antibiotics (for example, small molecule antibiotics,
molecules that are antimicrobial in nature, natural or
synthetic peptide antimicrobials and/or proteins with
antimicrobial properties), other immunomodulators or
combinations thereof. In a preferred embodiment, said
other compositions or molecules are vancomycin, meropenem
, lactoferrin or combinations thereof. The administration
of the composition comprising IgM together with one or
more other compositions or molecules as mentioned above
includes the administration at the same time of all the
compositions or molecules or the administration one after

the other of the compositions or molecules to be provided.

The embodiments described herein are intended to be
exemplary of the invention and not limitations thereof.
One skilled in the art will appreciate that modifications
to the embodiments and examples of the present disclosure
may be made without departing from the scope of the

present disclosure.

The embodiments of the invention are described above using
the term “comprising” and variations thereof. However, it
is the intent of the inventors that the term “comprising”
may be substituted in any of the embodiments described
herein with “consisting of” and “consisting essentially
of” without departing from the scope of the invention.

Unless specified otherwise, all wvalues provided herein
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include up to and including the starting points and end

points given.

The following examples further illustrate embodiments of
the invention and are to be construed as illustrative and

not in limitation thereof.

EXAMPLES

Example 1. Analysis of the influence of IgM in NF-xB
activity induction by Escherichia coli’s

lipopolysaccharide (LPS) endotoxin.

Human THP-1 monocyte cell line harboring a stable plasmid
with a NF-xB-dependent ©promoter driving a secreted
alkaline phosphatase (SEAP) reporter (Invivogen, San
Diego, CA USA), as a means of monitoring NF-xkB signaling

pathway activation, was used to carry out this experiment.

Cells were cultured in proliferation media according to

manufacturer’s recommendations.

The experiment was performed with both LPS derived from
Escherichia «coli strain 0111:B4 and LPS derived from
Escherichia coli strain Kl12. THP-1 cells mentioned above,
were treated with 100ng/mL of Escherichia coli LPS derived
from strain 0111:B4 (see Figure 1A) or Ing/mL of
Escherichia coli LPS derived from strain K12 (see Figure

1B) for 24 hours.

When IgM was used, LPS was pre—-incubated with purified IgM
(purity of 95% (w/v) or higher) prior to treatment of

cells.
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For NF-xB activity assays, 1x10° cells were seeded in each
well of a 96-well plate. Assay culture media was the same
as proliferation media, except that it contained reduced
serum to diminish the non-specific effects of fetal bovine
serum (FBS) —derived proteins. Cells were treated as
described above, using a final concentration of 2.5mg/mL

IgM (at least 95% (w/v) pure IgM).

NF-xkB activity was determined by assessing the levels of
Secreted Alkaline Phosphatase (SEAP) in the supernatant,
as measured by the Quanti-Blue assay (Invivogen, San
Diego, CA USA) and performed according to manufacturer’s
instructions. Relative cell number at the time of the NF-
KB assay was determined by Cell Titer Glow (Promega Corp.
Madison, WI, USA) and performed according to
manufacturer’s instructions. The relative NF-xB activity
shown in figure 1 was calculated by normalizing the NF-kB
assay values to the relative cell number as determined by
Cell Titer Glow assay, then standardizing experimental

controls to the value of 1.

Surprisingly, it was observed that purified IgM did not
have any significant effect on LPS-mediated activation of
NF-xB signaling in any of the cases tested and mentioned

above (see Figure 1A and Figure 1B).

Example 2. Analysis of the influence of IgM in NF-kB

activity induction by Clostridium difficile’s Toxoid B.
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Clostridium difficile’'s toxins are know to induce cytokine
secretion, including IL-8 and TINF-q, in monocytes
(Linevsky, JK., et.al., “IL-8 release and neutrophil
activation by Clostridium difficile toxin-exposed human
monocytes, Am J Physiol Gastrointest Liver Physiol, 1997,
273, G1333-G1340; and Sun, X., et.al. “Essential role of
the glucosyltransferase activity in Clostridium difficile
toxin-induced secretion of TNF -« by macrophages”,
Microbial Pathogenesis, 2009, 16, 298-305). Each of these
cytokines is also known to be induced upon activation of

NF-xB.

Therefore, it was tested whether Clostridium difficile’s
Toxoid B could induce NF-kB signaling in Human THP-1 cells
harboring a stably integrated NF-kxB reporter plasmid
(Invivogen, San Diego, CA USA), as mentioned above. Cells
were cultured in proliferation media according to

manufacturer’s recommendations.

Since the toxins themselves are cytotoxic, inactivated
toxoids were used to avoid complicated interpretations of
the results. For NF-xB activity assays, 2x10° cells were
seeded in each well of a 96-well plate for 24 hours prior
to treatments. Cells were then treated with several
concentrations of C. difficile’s Toxoid A (List Biological
Labs, Inc, Campbell, CA USA) or Toxoid B (List Biological
Labs, Inc, Campbell, CA USA). NF-xB activity was
determined by assessing the levels of Secreted Alkaline
Phosphatase (SEAP) in the supernatant, as measured by the
Quanti-Blue assay (Invivogen, San Diego, CA USA) and
performed according to manufacturer’s instructions.
Relative cell number at the time of the NF-xB assay was

determined by Cell Titer Glow (Promega Corp. Madison, WI,
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USA) and performed according to manufacturer’s
instructions. The relative NF-xB activity shown in figure
2 was calculated by normalizing the NF-xB assay values to
the relative cell number as determined by Cell Titer Glow
assay, then standardizing experimental controls to the

value of 1.

While Toxoid A did not induce NF-xB signaling in these
cells, Toxoid B showed induction of the NF-xB reporter in

these cells (see Figure 2).

The capacity of a solution of IgM (purity of 90-95% of
IgM) to inhibit NF-kxB activation was assessed, as compared

to BSA (Bovine Serum Albumin) controls.

Cells were treated with 9.25ug/mL of Clostridium
difficile’s Toxoid B for 24 hours. In case of treatment
also with BSA or 1IgM composition, Toxoid B was pre-—
incubated with said BSA or with the solution of IgM
(purity of 90-95% (w/v) of IgM) prior to treatment of

cells.

Assay culture media was the same as proliferation media,
except that it contained 0.025pM Vitamin D3. For NF-xB
activity assays, 2x10° cells were seeded in each well of a
96-well plate for 24 hours prior to treatments. Cells were
then treated as described above, using a final
concentration of 3mg/mL IgM (90-95% (w/v) purity of IgM)
or BSA. NF-kB activity was determined by assessing the
levels of Secreted Alkaline Phosphatase (SEAP) in the
supernatant, as measured by the Quanti-Blue assay
(Invivogen, San Diego, CA USA) and performed according to

manufacturer’s instructions. Relative cell number at the
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time of the NF-xB assay was determined by Cell Titer Glow
(Promega Corp. Madison, WI, USA) and performed according
to manufacturer’s instructions. The relative NF-xB
activity shown in figure 3 was calculated by normalizing
the NF-xB assay values to the relative cell number as
determined by Cell Titer Glow assay, then standardizing

experimental controls to the value of 1.

BSA had no effect on Toxoid B activation of NF-kB,
whereas the solution of IgM mentioned above attentuated

the Toxoid B effect (see Figure 3).

Example 3. Analysis of the influence of IgM in NF-kB
activity induction and IL-8 secretion by Klebsiella

pneumoniae and Pseudomonas aeruginosa.

Since IgM was unable to attenuate the NF-kB signaling
mediated by E coli. cell wall endotoxin LPS (see example
1), the effect of purified IgM on intact whole bacteria

(possessing cell wall components like LPS) was assessed.

Treatment with a 1live culture of microbes would have
overtaken and hampered the results of a mammalian cell
culture assay system. Therefore, whole bacteria
(Klebsiella pneumoniae and Pseudomonas aeruginosa) were
formaldehyde—-fixed to kill said bacteria, while keeping

the cells intact.

THP-1 cells harboring a stable NF-kB reporter plasmid as
mentioned above were treated with formaldehyde killed
Klebsiella pneumoniae and Pseudomonas aeruginosa for 24

hours.
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When IgM was used, the above-mentioned microbes were co-

treated with purified IgM at the time of treatment.

For NF-xB activity assays, 1x10° cells were seeded in each
well of a 96 well plate. Assay culture media is the same
as proliferation media, except that it contains reduced
serum to diminish the non-specific effects of FBS-derived
proteins. Cells were treated as described in the figure
legend, wusing a final concentration of 2.5mg/mL IgM (at
least 95% pure 1IgM). NF-xB activity was determined by
assessing the 1levels of Secreted Alkaline Phosphatase
(SEAP) in the supernatant, as measured by the Quanti-Blue
assay (Invivogen, San Diego, CA USA) and performed
according to manufacturer’s instructions. Relative cell
number at the time of the NF-xB assay was determined by
Cell Titer Glow (Promega Corp. Madison, WI, USA) and
performed according to manufacturer’s instructions. The
relative NEF-kB activity shown was calculated by
normalizing the NF-xB assay values to the relative cell
number as determined by Cell Titer Glow assay, then

standardizing experimental controls to the value of 1.

Both species of formaldehyde-treated bacteria were able to
effectively induce the NF-xB pathway in the cell system or
model used in examples 1 and 2 (i.e., Human THP-1 cells
harboring a stably integrated NF-xB reporter plasmid) (see
Figure 4A).

Surprisingly, co-treatment with any of formaldehyde-
treated Klebsiella pneumoniae or Pseudomonas aeruginosa

and purified IgM showed a reduction in NF-xB signaling.
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It is well-known in the prior art that activation of NF-xB
signaling induces secretion of pro-inflammatory cytokines.
IL-8 is a well-characterized NF-xB responsive pro-
inflammatory cytokine in humans. Thus, IL-8 secretion was
assessed in culture supernatants of the above-mentioned
cell cultures to see if said IL-8 secretion was also
responsive to bacteria (Klebsiella pneumoniae or
Pseudomonas aeruginosa) and IgM (see Figure 4B). The IL-8
cytokine secreted into the supernatant was measured by
AlphalLISA, wusing the AlphalISA IL-8 immunnoassay kit
according to the manufacturer’s protocol (Perkin-Elmer,

Waltham, MA USA).

Similar to NF-xB activation, formaldehyde-fixed bacteria
alone induced secretion of IL-8, whereas co-treatment with
said bacteria and IgM showed reduced secretion of IL-8,
relative to the cultures treated only alone (see Figure

4B) .

Example 4. Analysis of the influence of 1IgM in the

proliferation of peripheral blood mononuclear cells.

Since IgM showed clear effects on the NF-xB pro-
inflammatory pathway, it was also assessed whether
purified IgM had a more general effect on immune
functions. Proliferation of blood lymphocytes,
particularly of T-cells stimulated by antigen, is one of

the most basic pro-inflammatory immune responses.

Phorbol 12-myristate 13-acetate (PMA) and ionomycin, a
very general proliferation stimulant, were used to induce
proliferation of peripheral blood mononuclear cells, more

precisely blood T-lymphocytes or T-cells.
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Human peripheral blood mononuclear cells were cultured in
RPMI with 10% heat inactivated human serum. For
proliferation assays, 3x10° cells were seeded in each well

of a 96-well plate using culture media.

T-cells were treated with 10ng/mL PMA and 0.5uM ionomycin
for 3 days. In case IgM was used cells were treated or co-
treated with purified IgM (at a final concentration of
approximately 5mg/mL and at least 95% purity) at the time

of treatment, depending on the case.

Cell titer for the different groups was measured using
Cell Titer Glow (Promega Corp. Madison, WI, USA) performed
according to the manufacturer’s instructions, and based on
the measurement of the induction of cell proliferation as

a function of ATP content.

After 3 days of PMA/ionomycin stimulation, a significant
increase in proliferation was observed in peripheral blood
mononuclear cells (see Figure 5). Treatment of cells with
IgM, in either the presence or absence of PMA/ionomycin,
reduced the proliferation of peripheral blood mononuclear
cells relative to control untreated cells and relative to
PMA/ionomycin treatment. This observance was highly
surprising since PMA/ionomycin is a very powerful, very
non-specific mitogen. This implies that IgM has modulatory

effects on the immune response itself.
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CLAIMS

1. Use of a composition comprising plasma-derived IgM in
the manufacture of a medicament for treating immune
complications produced by infections in patients in need
thereof, characterized in that the infection is produced
by Staphylococcus aureus, Streptococcus pneumoniae,
Clostridium difficile, Clostridium botulinum, or
combinations thereof, and characterized in that the

composition used has at least 90% (w/v) of IgM purity.

2. The use according to claim 1, characterized in that
treatment of immune complications is performed through

immunomodulation.

3. The use according to claim 2, characterized in that
immunomodulation is performed through inhibition NF-kB
induction, through the inhibition of proliferation of

peripheral blood mononuclear cells or combination thereof.

4., The use according to claim 1, characterized in that

the composition has a 95% (w/v) of IgM purity.

5. The use according to claim 1, characterized in that
the dose to be administered of the composition is from 75

mg IgM/kg patient to 1 g IgM/kg patient.

6. The use according to claim 5, characterized in that
the composition is to be administered at least once a

week.
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7. The use according to claim 1, characterized in that
the composition comprising IgM 1is to be administered

alone.

8. The use according to claim 1, characterized in that
the composition comprising IgM 1s to be administered
together with one or more other compositions or molecules
selected from anti-inflammatory molecules, small molecule
antibiotics, molecules that are antimicrobial in nature,
natural or synthetic peptide antimicrobials, proteins with
antimicrobial properties, other immunomodulators or

combinations thereof.

9. The use according to claim 8, characterized in that
said other compositions or molecules are vancomycin,

meropenem, lactoferrin or combinations thereof.

10. Use of plasma-derived IgM in the manufacture of a
medicament for the immunomodulation of an infection in a
patient in need thereof in the treatment or prevention of
infections, characterized in that it comprises a
composition comprising IgM to be administered,
characterized in that the infection is produced by
Staphylococcus aureus, Streptococcus pneumoniae,
Clostridium difficile, Clostridium botulinum, or
combinations thereof, and characterized in that the

composition used has at least 90% (w/v) of IgM purity.

11. The use according to claim 10, characterized in that
immunomodulation is performed through inhibition NF-xB
induction, through the inhibition of proliferation of

peripheral blood mononuclear cells or combination thereof.
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12. The use according to claim 10, characterized in that

the composition has a 95% (w/v) of IgM purity.

13. The use according to claim 10, characterized in that
the dose to be administered of the composition is from 75

mg IgM/kg patient to 1 g IgM/kg patient.

14. The use according to claim 13, characterized in that
the composition is to be administered at least once a

week.

15. The use according to claim 10, characterized in that
the composition comprising IgM 1s to be administered

alone.

16. The use according to claim 10, characterized in that
the composition comprising IgM 1s to be administered
together with one or more other compositions or molecules
selected from anti-inflammatory molecules, small molecule
antibiotics, molecules that are antimicrobial in nature,
natural or synthetic peptide antimicrobials, proteins with
antimicrobial properties, other immunomodulators or

combinations thereof.

17. The use according to claim 16, characterized in that
said other compositions or molecules are vancomycin,

meropenem, lactoferrin or combinations thereof.





