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MACROMOLECULAR COMPLEX OF BACTERIAL ORIGIN AND USE OF SAID
MACROMOLECULAR COMPLEX FOR PREVENTING AND TREATING
INFLAMMATORY RHEUMATISM

The present invention relates to a macromolecular
complex of bacterial origin and also to the use of said
macromolecular complex for the prophylaxis and treatment of
inflammatory rheumatism.

Many scientific studies have demonstrated the role
played by the intestinal flora in the pathogenesis of
chronic rheumatic inflammatory diseases such as rheumatoid
arthritis, ankylosing spondylitis or post-infectious
rheumatism.

For example, no signs of arthritis are observed in
germ-free animals (transgenic rats or mice), whereas their
littermates harboring intestinal flora develop signs of
arthritis (Rath HC, et al ; J. Clin. Invest; 98{(4); 945-
953; 19%6 and Abdollahi-Roodgaz S., et al; J. Clin. Invest;
118; 205-216; 2008).

Moreover, in human beings, studies have shown that
patients in whom rheumatold arthritis was recently
diagnosed harbored few Dbifidobacteria, compared with
control gubjects (Vaahtovuo J, et al; J. Rheumatol; 35;
690-693; 2008) and, when the eguilibrium of the intestinal
flora was partially restored by introducing a vegetarian
diet, the patient’s condition was found to be improved
(Peltonen R, et al; J. Rheumatol; 36; 64-68; 1997).
Finally, it dis well known that the use of certain
antibiotics which modify the composition of the intestinal
flora improves the signs of rheumatoid arthritis (Stone M.
et al.; J. Rheumatol; 30; 2112-2122; 2003).

One of the mechanisms which explains the involvement
of the intestinal £flora in the pathogenesis of chronic
rheumatic diseases lies in its ability to regulate

bacterial translocation. The mechanism of bacterial
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transloction is defined as the crossing of the intestinal
barrier by intestinal bacteria. These intestinal bacteria
are taken up and then transported by cells of the
intestinal immune system, such as dendritic cells or
macrophages, to the synovial site, causing a source of
painful inflammation of rheumatic type in the joints.

The composition of the intestinal flora has an
influence on this process. Thus, when bifidobacteria widely
colonize the lower part of the intestine, they show an
ability to reduce bacterial translocation (Romond MB, et
al.; Anaerobe; 14; 43-48; 2008).

Moreover, the composition of the intestinal flora also
has an influence on the expression level of genes involved
in the inflammatory response, such as galectins (Romond MB,
et al; Fems Immunol Med Microbiol; 55; 85-9%92; 2009) .

There are at the current time many products capable of
modifying the intestinal flora, such as prebiotics or
probiotics. On the other hand, few of them have a positive
impact on bacterial translocation. Among the products which

have a beneficial action with respect to Dbacterial

translocation, is the macromolecule isolated from
Bifidobacterium breve culture. Indeed, it has been
demonstrated, in documents WO 2004/093898 and

WO 2006/040485, that the oral administration of this

macromolecule leads to a decrease in translocation and in
bacterial dissemination, and that the said wmolecule
exhibits a preventive activity against collagen-induced
arthritis in mice. However, a residual pro-inflammatory
activity 1s always ©observed with the use of the
macromolecule isolated from Bifidobacterium breve culture,
thereby limiting its wuse in the field of inflammatory
diseases.

It would therefore be advantageous to have a product

which enablegs a decrease in bacterial translocation to be
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obtained and which would not exhibit any residual pro-
inflammatory activity.

As it happens, the applicant has discovered that the
use of a macromolecular complex isolated from
Bifidobacterium longum complex makes it possible to satisfy
these reguirements.

The macromolecular complex of the present invention is
produced by the Bifidobacterium longum CBi0703 strain,
deposited according to the treaty of Budapest under number
CNCM I-3994 in the name of BIFINOVE, on May 23, 2008, with
the Collection Nationale de Cultures de Microorganismes
(cNCM) ([National Collection of Microorganism Cultures] held
by the Institut Pasteur, 25 rue du docteur Roux 75015
Paris.

Said macromolecular complex consists of chains
combining a lipoprotein and an oligosaccharide, within
which:

- the lipoprotein has a molecular weight of 30 kDa to
60 kDa;

- the oligosaccharide has a molecular weight of less
than 15 kDa, and preferably less than 10 kDha ;

- the lipoprotein component, which consists of all the
lipoproteins of each of the chains, represents from 75
to 99%, ©preferentially from 80 to  98%, more
preferentially from 85 to 95% by weight of the total
weight of the complex, and the oligosaccharide
component, which consists of all the oligosaccharides
linked to each of the chains, represents from 1 to
25%, preferentially from 2 to 20%, and more
preferentially from 5 to 15% of the total weight of
the complex.

The macromolecular complex comprises several chains
combining a lipoprotein and an oligosaccharide, said chains

being identical or different in nature. It is necessary,
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according to the invention, for the macromolecular complex
comprising several chains to be in agglomerated form in
order for an anti-arthritic effect to be observed. Indeed,
the administration of low-molecular-weight (typically about
15 to 50 kDa) monomeric structures in mice has led to a
gignificant increase in the arthritic score.

The macromolecular complex according to the invention
must therefore necessarily have a molecular weight of
greater than 150 kDa, preferably greater than 400 kDa and
particularly preferably greater than or equal to 600 kDa.

According to the invention, the lipoprotein comprises
the amino acid sequence SEQ ID No. 1:
MTNVRVIKPALAALVAAAACVGGLAFSSAQPAQADTYSDLINAQNQHAASVOREAELKQ
QLAGASQDLANKVLELDDLTNNKIVAAQAKVITQANEDAATAQDEADAASGRLSAAQKDK
ETLEEQIRKQTGKDYDDAHAAVAQLARDEMHGSNASDVMSVVITGATSTODEFVNSMQSREDA
LSRNEANAASSAATSLSTSKNRGERLAATEKQIAVLKTQADERAAPHRPPPK .
The amino acid sequence of the lipoprotein is SEQ ID No. 2:
MTNVRVIKPALAALVAAARACVGGLAFSSAQPAQADTYSDLINAQNQHAASVOREAELKQ
QLAGASQDLANKVLELDDLTNNKIVAAQARVTQANEDAATAQDEADAASGRLSAAQKDK
ETLEEQIKQTGKDYDDAHAAVAQLARDEMHGSNASDVMSVVITGATSTOQDFVNSMQSRDA
LSRNEANAASSAATSLSTSKNRGERLAATEKQIAVLKTOQADEKAASAQTAAETAQSERD
ALDKLRQEGEARRDELSSMIDSLDSQSAKQAAQTVLIASQVDSYNRQFQREQQDAANRY
DTGNQGGTPSTPVIPAPAPAPAPAPAPAPAPAPSVGGOGTSNGDYGNAYATGQCTYWAY
ERRROMGIGTPSYLGNGGDWWRNAPSYGLRVDHNPQVGAALSFLPGODGADGTWGHVAV
VEAVYGDGTFQISEMNVGGLWMMNYRTLTNLGQYWFVH.

The  saccharides  constituting the  oligosaccharide

component of macromolecular complex of the present

invention can be chosen from galactose {(Gal),
N-acetylgalactosamine (Gal Nac) , glucose (Gle),
N-acetylglucosamine (Glc Nac), rhamnose (Rham) and mannose

(Man), and mixtures thereof.
According to the invention, the weight ratio of sugar

which is part of the composition of the macromolecule is
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from 1% to 25%, preferably from 2% to 20% and even more
preferentially from 5% to 15%.

The average weight composition of galactose is between
1 and 50 ug/mg of macromolecular complex, preferably
between 5 and 20 upg/mg of macromolecular complex, and of
mannose 1s between 0.5 and 10 ug/mg of macromolecular
complex, preferably between 1 and 10 ug/mg of
macromolecular complex; that of glucose is between 3 and
80 pg/mg of macromolecular complex, preferably between 5
and 50 pg/mg of macromolecular complex, and even wmore
preferentially between 10 and 50 pg/mg of macromoleculax
complex; that of N-acetylgalactosamine is Dbetween 2 and
30 pg/mg of macromolecular complex, preferably between 2
and 20 ug/mg of macromolecular complex, and even more
preferentially between 2 and 10 pg/mg of macromolecular
complex; that of N-acetylglucosamine 1is between 1 and
10 pg/mg of macromolecular complex, preferably between 1
and 5 pug/mg of macromolecular complex; that of rhamnose is
between 0.05 and 10 pg/mg of macromolecular complex,
preferably between 0.05 and 5 pug/mg of macromolecular
complex, and even more preferentially between 1 and 5 ug/mg
of macromolecular complex.

The lipids constituting the lipid component of the
macromolecular complex of the present invention can be
chosen from the group consisting of long Ciy, Cig and Cig
saturated fatty acids, and mixtures thereof.

Moreover, it has been shown that this macromolecular
structure is recognized by galectin-1 and TLR-6, which
indicates, firstly, that galactose units are in an external
position accessible to the galectin-1 receptor (galectin-1
recognizing the galactose present in  lactose, and
egpecially the galactose in an external position present in

glycoconjugates) and, secondly, that the macromolecular
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complex retains lipoprotein units which can be recognized
by the lipoprotein-specific subunit of the TLR2/6 complex.

The tests carried out by the Applicant have shown that
the administration of saild macromolecular complex induces
anti-arthritic activity in mice, in a wodel of collagen-
induced arthritis.

This anti-arthritic activity has ©been demonstrated

through geveral observations:

- an improvement 1in the transcriptomic response of
dendritic cells to bacterial translocation in mice
associated with a biotope of a patient suffering from
arthritis;

- conditioning of these dendritic cells leading to a co-
evolution with the population of regulatory T
lymphocytes responsible for the  production of
interleukin-10 (cytokine which has an important role
in immunomedulaticon in the digestive system and which
has in particular anti-inflammatory effects).

The macromolecular complex according to the invention
is obtained by means of a method comprising the following
steps:

{1} inoculation and incubation for 16 to 60 h, under
anaerobic conditions and at a temperature between
approximately 30°C and 39°C, of a Bifidobacterium
longum strain deposited according to the treaty of
Budapest under the number CNCM I-3389%4 with the
Collection Nationale de Cultures de Microorganismes
(CNCM) [National Collection of Microorganism
Cultures] in a culture medium comprising a native
or hydrolyzed whey protein fraction, lactose and an
antioxidant;

(ii) gseparation of said bacteria from said culture

medium;
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(iii) wultrafiltration of the supernatant on filtration
membranes which have a cut-off threshold of from 10
to 100 kbDa, resulting in the obtaining of a
concentrated retentate;

(iv) enrichment with macromolecular complex by washing
with a volume of from 5 to 50 times the volume of
the concentrated retentate;

{(v) purification of the macromolecular complex by
molecular sieve chromatography under  sterile
conditions, for example on Superdex 200 gel;

(vi) recovery of the excluded fraction which comprises
the bacterial macromolecular complex.

It 1is important to prevent oxidation during the
method, hence the need to introduce an antioxidant such as
ascorbic acid, cysteine hydrochloride or thioglycollate.

According to one embodiment, the culture medium also
contains other compounds, such as potassium dihydrogen
phosphate involved in stabilizing the pH.

According to one embodiment, the inoculation of the
bifidobacteria into said culture medium can be carried out
using a frozen concentrate or a 16-24 h preculture, which
enables proliferation of the bacteria.

According to another embodiment that can be combined

with the previous one, the bacteria are inoculated into

said culture medium in a proportion of 105-1010 colony-
forming units per ml of medium.

According to one preferred embodiment of the invention, the
culture medium comprises 1 to 20 g/l of medium of native or
hydrolyzed whey proteins, 30 to 80 g/l of medium of lactose
and 0.1 to 0.5 g/1 of medium of ascorbic acid.

According to another preferred embodiment of the invention,
the culture medium comprises 1 to 20 g/l of medium of

native or hydrolyzed whey proteins, 30 to 80 g/l of medium
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of lactose, 0.1 to 0.5 g/l of medium of ascorbic acid and 0.5
and 3 g/1 of medium of potassium dihydrogen phosphate.

According to one embodiment which can be combined with
the previous ones, the pH of said culture medium is not
regulated during the incubation.

Finally, according to another embodiment, the pH of said
culture medium is maintained between 4 and 7 during the
incubation.

The disclosure relates to the use of the macromolecular
complex of bacterial origin disclosed herein for preventing
and treating joint disorders, and for regulating the
intestinal flora and bacterial translocation.

According to another embodiment, the present disclosure
relates to the use of said macromolecular complex of bacterial
origin obtained according to the method described previously,
in products intended for the pharmaceutical, food-processing
and/or nutraceutical industry.

A subject of the invention is in particular a
pharmaceutical composition comprising at least said
macromolecular complex, as active ingredient, and at least one
pharmaceutically acceptable support.

The weight concentration of sailid macromolecular complex
represents from 0.1 pg/g to 50 pug/g of the pharmaceutical

composition.
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Accordingly, in a first aspect, there is provided a
bacterial macromolecular complex which can be produced by
bacteria belonging to the Bifidobacterium longum strain
deposited according to the treaty of Budapest under number
CNCM I-3994, on May 23, 2008, with the Collection Nationale de
Cultures de Microorganismes (CNCM) [National Collection of
Microorganism Cultures], consisting of chains combining a
lipoprotein and an oligosaccharide, characterized in that:

- the lipoprotein has a molecular weight of from 30 kDa to

60 kDa ;

-~ the oligosaccharide has a molecular weight of less than

15 kDa, and preferably less than 10 kDa;

- the lipoprotein component, which consists of all the

lipoproteins of each of the chains, represents from 75 to
99%, preferentially from 80 to 98%, more preferentially
from 85 to 95% by weight of the total weight of the
complex, and ﬁhe oligosaccharide component, which
consists of all the oligosaccharides combined with each
of the chaing, represents from 1 to 25%, preferentially
from 2 to 20%, and more preferentially from 5 to 15% of
the total weight of the complex.

In another aspect, there is provided a pharmaceutical
composition, characterized in that it comprises at least the
macromolecular complex as defined herein, as active
ingredient, and at least one pharmaceutically acceptable
support.

In another aspect, there is provided the pharmaceutical
compogition as defined herein, for use 1in the treatment or

prevention of inflammatory rheumatism and osteoarthritis.
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In another aspect, there is provided a food composition,
characterized in that it contains at least said macromolecular
complex as defined herein, and at least one food ingredient.

In another aspect, there is provided a nutraceutical
composition, characterized in that it contains at least said
macromolecular complex as defined herein, and at least one

nutraceutically acceptable support.

The term “pharmaceutically acceptable™ is intended to
mean any support which makes it possible not only to preserve
the immunomodulatory properties of the macromolecular complex
obtained according to the method described previously, but
also to carry said macromolecular complex.

The use of the pharmaceutical composition makes it
possible to regulate the intestinal flora and Dbacterial
translocation. It is consequently intended for the prophylaxis

and treatment of inflammatory rheumatism, such
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as rheumatoid arthritis and ankylosing spondylitis, of
osteocarthritis and of fibromyalgia.

The invention therefore relates to the wuse of the
pharmaceutical composition for obtaining a wmedicament
intended for regulating the intestinal flora and bacterial
translocation.

Thus, the invention relates to a pharmaceutical
composition for use in regulating the intestinal flora and
bacterial translocation.

The invention also relates to the use of the
pharmaceutical composition for obtaining a medicament
intended for treating or preventing inflammatory
rheumatism, osteocarthritis and fibromyalgia.

Thus, the invention relates to a pharmaceutical
composition for wuse in the treatment and prevention of
inflammatory rheumatism, osteoarthritig and fibromyalgia.

The dinvention also relates to the wuse of the
pharmaceutical composition for ©obtaining a wmedicament
intended for treating rheumatoid arthritis and ankylosing
spondylitis, ostecarthritis and fibromyalgia.

Thus, the invention relates to a pharmaceutical
composition for use 1in the treatment of rheumatoid
arthritis and ankylosing spondylitis, osteocarthritis and
fibromyalgia. The pharmaceutical composition of the present
invention can be in any galenical form desired fox
administration either orally to humans or to animals, forx
instance in liguid form (syrup, solution, spray) or solid
form (powder, tablet, gel capsule, capsule, spray powder,
gum, paste, granules, in their various formg, for immediate
or programmed release), or rectally, nasally, via the
pulmonary route, or parenterally, or in a form suitable for
administration by inhalation or insufflation. The preferred

administration mode is generally oral adminisgtration.
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The pharmaceutical composition comprising said
macromolecular complex can be stored at a temperature of
from -70°C to +4°C for the liquid forms and up to +40°C for
the solid forms for 3 years.

Moreover, the macromolecular complex obtained
according to the method described previously can also be
incorporated, as an ingredient, into food compositions.

Conseguently, a subject of the invention is also a
food composition comprising at least the macromolecular
complex and at least one food ingredient. The food
ingredient wmay be, for example, a wilk preparation,
cereals, etc.

Such a food composition can be intended for humans or
animals and can in particular be in the form of dietetic or
nondietetic food products for hospital or non-hospital use.
In particular, this composition may be an enteral solute.

The weight concentration of said macromolecular
complex represents from 10 ng/g to 2 ug/g, preferably from
10 ng/g to 1 pg/g of the food composition.

Finally, the macromolecular complex obtained according
to the method described previously can be incorporated, as
a food ingredient, into nutraceutical compositions.

A subject of the invention is therefore a
nutraceutical composition  comprising at least said
macromolecular complex and at least a nutraceutically
acceptable support.

The weight concentration of gsald macromolecular
complex represents from 10 ng/g to 5 pug/g of the
nutraceutical composition.

The term "nutraceutical composition® 1is intended to
mean a composition which has beneficial or protective
physiological effects greater than those that conventional

nutrition could provide.
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Such a nutraceutical composition can be in the form of
food supplements. These food supplements can be in solid
form, such as tablets, powders, gel capsules or capsules,
or in liquid form, such as beverages or emulsions.

The nutraceutical composition according to  the
invention can therefore be wused in order to prevent
inflammatory rheumatism, ostecarthritis and fibromyalgia.

The invention therefore relates to the use of said
nutraceutical composition for obtaining a food supplement
intended for preventing inflammatory rheumatism,
ostecarthritis and fibromyalgia.

Thus, the invention <relates to a nutraceutical

composition for wuse in the prevention of inflammatory
rheumatism, osteocarthritis and fibromyalgia.
Figure 1 represents the recognition, in vitro, by galectin-
1, of the macromolecular complex obtained with fermentation
either with regulated pH or with non-regulated pH according
to the invention.

Figure 2 represents the recognition, in vitro, by
TLR-6  of the macromolecular complex  obtained with
fermentation either with regulated pH or with non-regulated
pH according to the invention.

Figure 3 represents the arthritis score in DBA1l mice
after two collagen injections with or without treatment
with the macromolecular complex prepared according to
example 2 (0.2 mg/l, i.e. 30-40 ug/kg).

Figure 4 represents the progression of arthritis
induced by a cocktail of antibodies and LPS in DBALl mice.

Figure 5 represents the change in the arthritis score
in DBAl mice treated with the hydrolyzed macromolecular
complex (0.2 mg of hydrolyzed macromolecular complex/l).

Figure 6a represents joints of left posterior limbs
(which have not undergone an injection of godium

iodoacetate: MIA} of rats belonging to the control group
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not treated with the macromolecular complex of the
invention.

Figure 6b represents Jjoints of left posterior limbs
(which have not undergone injection of MIA) of rats
belonging to the group treated with the macromolecular
complex of the invention.

Figures 7a and 7b represent joints of right posterior
limbs (having undergone an injection of MIA) of rats
belonging to the control group not treated with the
macromolecular complex of the invention.

Figures 7c¢ and 7d represent joints of right posterior
limbs (having undergone an injection of MIA) of rats
belonging to the group treated with the macromolecular
complex of the invention.

The present dinvention will be illustrated by the
following examples.

EXAMPLES

Example 1: Preparation and isclation of the macromolecular

complex according to the invention (pH regulated during the

fermentation)

A culture medium containing the following ingredients
is prepared:

- 1 to 20 g/l of a protein base composed of permeate of
milk proteins which have been hydrolyzed or are in
native form

- 30 to 80 g/l of lactose

- 0.1 to 0.5 g/1 of ascorbic acid

- 0.5 to 3 g/1 of potassium dihydrogen phosphate.

A first solution is reconstituted with lactose only, and
sterilized at 108°C for 130 minutes. A second solution is
reconstituted with the rest of the ingredients and
sterilized at 121°C for 20 minutes.

The fermentation is batch fermentation with pH regulated

for 24 hours.
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1~ Batch fermentation with pH regulated:

The pH is adjusted to a value of 6.5 once the two
solutions have been poured into the fermenter. The culture

medium is inoculated with 6 to 10% (v/v) of a 24 h inoculum

containing between 1x10° anda 2x10® colony-forming units
(CFU) of bifidobacteria resulting from the Bifidobacterium
Jongum strain deposited under number CNCM I-3994 with the
Collection Nationale de Cultures de Microorganismes (CNCM)
[National Collection of Microorganism Cultures] per ml of
culture medium. The bacteria are cultured with shaking,
without aeration of the medium and at a temperature of
37¢C. The pH 1s maintained at 6.5 by adding sodium
hydroxide (1N to 3N) during the fermentation.

The fermentation lasts 24 hours and the

Bifidobacterium longum population at the end of the culture

is between 2x10%® and 1x10% CFU per ml of culture medium.

2- Isolation of the macromolecular complex

At the end of the culture, the bacteria are removed by
centrifugation at 13 000 g for 30 minutes at a temperature
of 4°C or by microfiltration on Millistack cassettes
{(Millipore) Thaving a surface area suitable for the
fermentation volume.

The supernatant is ultrafiltered at ambient
temperature and under sterile conditions on an Amicon
Proflux M12 apparatus (Millipore). A first ultrafiltration
is performed on a Helicon spiral-wound  cartridge
(Millipore) with a cutoff threshold 10 kDa.

The supernatant 1is concentrated at most 15-fold, then
waghed continuously with sterile osmosed water, 30 times
the concentration volume. The 10 kDa retentate recovered is
stored at 4°C or frozen for the gecond ultrafiltration.

The second ultrafiltration i1s also carried out at
ambient temperature and under sterile conditions on the

same apparatus as previously, but equipped with a support
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for Pellicon cassettes (Millipore). The cassette used is of
Biomax type, with a surface area of 0.5 m’ and a cutoff
threshold of 100 kDa. The 10 kDa retentate is concentrated
at most 2-fold and then washed continucusly with 30 volumes
of osmosed water.

The >100 kbDa retentate is stored in £frozen or
lyophilic form until purification.

The macromolecular complex contained in the >100 kDa
retentate is subsequently obtained under sterile conditions
by exclusion chromatography on a Superdex 200 gel (GE
Healthcare). The macromolecular complex is thus separated
and then eluted in the excluded fraction (> 600 kDa) with a
Tris/50 mM HCL - 150 mM NaCl buffer, pH 8.0.

This excluded fraction is then desalified Dby
filtration, then diafiltered with 5 to 7 volumes of sterile
osmosed water. The macromolecular complex is thus recovered
and stored in a lyophilic form.

Example 2: Preparation and isolation of the macromolecular

complex according to the invention (pH not regulated during

the fermentation)

The composition of the culture medium and the steps
are the same as in example 1, with the exception that, in
this example, the pH 1is not regulated during the
fermentation, step 1 1s thus replaced with the step
described below.

1-Batch fermentation with pH not regulated during the

fermentation:

The pH is adjusted to a wvalue of 6.5 once the two
solutions have been poured into the fermenter. The culture

medium 1is inoculated with 6 to 10% (v/v) of a 24 h

inoculum, containing between 1x10° and 2x108 colony-forming
units (CFU) of bifidobacteria resulting from  the
Bifidobacterium longum strain deposited under number CNCM

I-3994 with the Collection Nationale de Cultures de
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Microorganismes (CNCM) [National Collection of
Microorganism Cultures] per ml of culture medium. The
bacteria are cultured with sghaking, without aeration of the
medium and at a temeprature of 37°C. The pH is not adjusted
during the fermentation. The fermentation lasts 24 hours
and the Bifidobacterium longum population at the end of the

7

culture is between 1x10’ and 1x10° CFU per ml of culture

medium.
The isolation of the macromolecular complex can be
subsequently carried out according to step 2 of example 1.
In the remainder of this text, Cl1 refers to the

macromolecular complex prepared according to example 2 of

the invention.

Example 3 : Characterization of the macromolecular complex

The saccharide, protein and 1lipid components which
make up the macromolecular complex were characterized
qualitatively and guantitatively wusing various analytical
methods.

The protein concentration was determined by the Lowry
method. It is from 80 to 400 ug/mg of powder (8 to 40% of
the macromolecular complex) .

The saccharide concentration was determined by gas
chromatography after methanolysis (MeOH/HClL at 0.5N), then
derivation with heptafluorobutyric anhydride (20 pl in
100 pl of anhydrous acetonitrile). It is from 20 ¢to
150 pg/mg of powder (2 to 15% of the macromolecular

complex) .

» lipoprotein: the sequence SEQ ID No. 2 1is the

following:
MTNVRVIKPALAALVAAAACVGGLAFSSAQPAQADTYSDLINAQNQHAASVOREAELKQ
QLAGASQDLANKVLELDDLTNNKIVAAQAKVITQANEDAATAQDEADAASGRLSAAQKDK
ETLEEQIKQTGKDYDDAHAAVAQLARDEMHGSNASDVMSVVIGATSTQDFVNSMOSRDA
LSRNEANAASSAATSLSTSKNRGERLAATEKQIAVLKTQADEKRAASAQTAAETAQSERD
ALDKLRQEGEARRDELSSMIDSLDSQSAKQAAQTVLIASQVDSYNRQFOKEQODAANRY



10

15

20

25

16

DTGNQGGTPSTPVTPAPAPAPAPAPAPAPAPAPSVGGOGTSNGDYGNAYATGOCTYWAY
ERRROMGIGTPSYLGNGGDWWRNAPSYGLRVDHNPQVGAALSFL.PGODGADGTWGHVAV
VEAVYGDGTFQISEMNVGGLWMMNYRTLTNLGQYWFVH.

Furthermore, the lipid composition established by gas
the

of length <C14:0,

chromatography mass spectrometry shows presence of

major peaks of fatty acids Ci6:0 and

C18:0.
» gugar: the saccharide component of the

the

macromolecule

contains saccharides

mentioned in table 1

according to the following molar ratios:

Gal Man Gle Gal NAc Glc NAc [Rham

Weight 15.35 4.85 35.10 6.75 1.5 1.45
composition
(hg/mg of
macro-
molecular

complex)

Table 1l: Weight distribution of sugars which are part of the

composition of the macromolecular complex

» The macromolecular complex is recognized in vitro by
galectin-1 (figure 1).

In the present example, the macromolecular complex of

the present invention and resulting from the fermentation

with pH regulated or not regulated is

recognized, after

adsorption in microplate wells, by galectin-1

(visualization using the biotin-streptavidin system).

According to figure 1, saturation is ocbserved for
concentrations of about from 10 to 20 pug of macromolecular
complex per 10 ng of galectin-1.

» The macromolecular complex ig recognized,

TLR-6 (figure 2).

in vitro, by
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In the present example, the macromolecular complex of
the present invention resulting from fermentation with pH
regulated or not regulated is recognized, after adsorption
in microplate wells, by TLR6 (visualization wusing the
biotin-streptavidin system). According to figure 2,
saturation is observed for concentrations of about from 10
to 20 ug of macromolecule per 10 ng of TLR6. The expression
in terms of peptidoglycan unit is approximately from 0.2 to
0.4 pug of peptidoglycan per 1 ug of macromolecule.

Example 4: Effect of the macromolecular complex C1l in mice

with an arthritic patient flora

For this study, the mice used were divided into two
groups:

- a test group in which axenic mice were associated with
the £flora of a patient suffering from progressive
arthritis (Fa) ;

- a control group in which axenic mice were inoculated
with the flora of a healthy volunteer (FN).

The descendants from the first to the fourth
generation were used for the study.

The macromolecular complex C1 [pH not regulated] was
administered orally for 15 days at a dose of 0.2 mg/l (the
average dose taken per mouse is between 25-50 ug/kg).

The mice, which had not eaten since the previous day,
were euthanized. The spleen was removed aseptically and
treated with collagenase in order to release the
splenocytes. The CDllc dendritic cells, and the CD4(+) Th
and Treg. lymphocytes were isolated using the MACs system.
The intestinal flora was analyzed in the ileum, the cecum
and the colon. The bacterial translocation was evaluated by
bacteriological analysis of the Peyer’ s patches, the liver,
the lung, the kidneys and the blood.

The results are collated in table 2 and clearly

demonstrate an increase 1in the level of bifidobacteria
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along the intestine of the mice treated with Cl1, and thus
show the beneficial effect of the administration of the

latter on the intestinal flora.

control test <]
Mice (n) 6 5
Ileum
E.coli 5.38 + 0.6 (5) 4.89 + 1.3 (5) NS
Bifidobacteria 2.68 + 0.7 (2} 3.49 + 1.7 (5) 0.0398
cecum
E.coli 7.89 + 0.3 (6) 7.52 4+ 0.4 (5) NS
Bifidobacteria 2.06 + 0.4 (3) 6.43 + 1.5 (5) 0.0061
colon
E.coll 7.61 + 1.4 (6) 8.11 + 0.4 (5) NS
Bifidobacteria 3.0 £ 0.8 (6) 6.56 ¢+ 1 (5) 0.0057

Table 2: Effect of administration of the macromolecular

complex Cl on the intestinal flora.

Example 5 : Involvement of intestinal bacteria in arthritis

in DBALl mice and effect of the macromolecular complex Cl of

the invention

For this study, two models were established according
to the type of injection selected:

~ model 1: two doses of collagen, three weeks apart, are

injected into DBALl mice;

- model 2: a cocktail of anti-collagent antibodies
(MD Biosciences) followed by an injection three days later
of LPS (lipopolysaccharide) are injected into DBALl mice.

Regardless of the model, these injections induce a
clinical picture which is suggestive of RA (rheumatoid
arthritis). The arthritis score is  established by
estimating the redness and swelling of the paws.

The treatment with the macromolecular complex Cl is
initiated either 15 days before the first injection of the

inducer (model 1-figure 3), or upon appearance of the
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symptoms (model 2-figure 4). The concentrations of the
macromolecular complex C1 range between 0.1 mg/l and
0.5 mg/l, 1.e. estimated daily doses Dbetween 10 and
100 pg/kg of body weight.

The effective dose is located within a range of from
30 to 90 ug/kg depending on the arthritis-inducing model
(figures 3 and 4).

The score increases approximately ten days after the
second injection of collagen in the first model and 3-4
days after the injection of LPS in the gecond case.

After three days without treatment (model 2), the
treatment 1s again administered (in a proportion of
0.2 mg/l, d1.e. 0.01 to 0.05 mg of the macromolecular
complex Cl/kg of body weight).

Table 3 represents the concomitant analysis of the

intestinal flora and shows that the intensity of the joint

Q

inflammation 1is stronger when the number of spleni
dendritic cells is low with treatment with the
macromolecular complex Cl1 of the invention, whereas there
is no dependence between the two factors in the absence of
treatment.

As it happens, it is observed in the treated mice that
the number of splenic dendritic cellg ig linked not only to
a population of lactobacillae (Lb09), but also to the
population of Bacteroides caecaux. In the absence of
treatment, the number of dendritic cells is affected
exclusively by populations of lactobacillae. In the two
groups of mice, the higher the number of Lactobacillus 09
in the colon, the Ilower the number of dendritic cells
harbored by the spleen. However, the correlation between
Lactobacillus 09 and intensity of djoint inflammation
becomes significant only when the treatment nullifies the
effect of a second population of lactobacillae

(Lactobacillus 081) on the dendritic cells (table 3).



10

20

A correlation is therefore noted Dbetween this
population of lactobacillae (Lb 081) located in the cecum
and Peyer’ s patches and the intensity of the inflammation
in the absence of treatment, whereas no dependance is found
with treatment, although the Lactobacillus 081 population
does not decrease (table 3).

In conclusion, the Lreatment therefore has no
antibacterial effect with respect to the lactobacillus
population, but influences the metabolic balance of the
ILb 081 lactobacillae, one or more of the final products of

which could be involved in joint inflammation.

Confrol monse rs¥ P
ve arthritis
Location Bacteria score
Small intestine Lactobacillus rewreri -0.736 (1,04
Strepiococcus sp. -0.812 <0.02
Cecum Lactobacilius sp. 081 0.88 <0.01
Bacrereides froagilis -0.862 <0.006
Colon Strepracoccuts 5p. -0.986 <(.0004
Peyer's patches Laciobacilius sp. 081 (.88 ={.01
Streprococcus sp. -(1.73& <(.05
vs gplenic
DCs
Small intestine Laciobaciilus sp. 081 0.771 <{.05
Colon Lactobacillus sp. 9 -0.829 <0.01
Mice treated with the macromolecular complex g
vs arthritis
Location score
Cecum Bacreroides sp. ~0.791 <05
Colon Lactobacilius sp. 09 0.803 <0.02
Peyer's patches Laciobaciilius sp. 082 -0.77 <{(1.02
s CD
vs gplenic
Cecum Bacreroides fragilis DCx <(.03

Colon Laciobacillus sp. 09 -0.829%* (.05
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Table 3: Correlation between intestinal bacterial
populations, arthritis score and dendritic cells according

to the treatment
*rg=Spearman’ s coefficient
**correlation arthritis score as a function of the number

of dendritic cells rs=-0.812 p<0.05

Example 6: Importance of the aggregation of the chains

constituting the macromolecular complex Cl of the invention

This example demonstrates the effect of acid
hydrolysis on the anti-arthritic efficacy.

28 mg of the macromolecular complex prepared according
to example 2 are diluted in 100 ml of a 70% acetic acid
solution. The soclution is brought to 75°C for 100 min. The
degradation into low-molecular weight molecules is verified
by chromatography on Superdex 200 {(the residual
macromolecule concentration is about 2.5%). After
lyophilization of the degraded product, which enables the
acetic acid to be eliminated, the powder is taken up in an
equivalent volume of sterile water for administration to
DBAL mice (model 1).

According to figure 5, a pro-arthritic effect is
observed, the arthritis scores being higher over time in

the group treated with the hydrolyzed macromolecule (two-

way repeated measures Anova, p=5.43852x10"%). In conclusion,
it 1is necessary for the units of bifid Ilipoprotein
associated with the oligosaccharides to be aggregated in
the form of macromolecules for the anti-arthritic activity
to be observed.

Example 7z Comparison between the effect of the

administration of the macromolecular complex resulting from

the Bifidobacterium breve strain and that resulting from

the Bifidobacterium longum strain
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Table 4 demonstrates the effect of the treatment with
the macromolecular complex resulting from the
Bifidobacterium longum strain (Cl), firstly, and compares
the latter with that produced by the administration of the
macromolecular complex resulting from Bifidobacterium breve
(ag it is described in WO 2006/040485).

In the remainder of this text, C2 refers Lo the
macromolecular complex prepared according to example 1 of
WO 2006/040485.

The experimental protocol is identical to that
described in example 4.

The results collated in table 4 show that:

- the number of splenic CD4(+) Th lymphocytes 1is lower
in the mice treated with €2 (macromolecular complex
resulting from the Bifidobacterium breve strain)
compared with the control mice or with those treated
with C1 (macromolecular complex resulting £from the
Bifidobacterium longum strain);

- the number of Treg lymphocytes (regulatory cells) is
lower in the mice treated with C2 compared with the
control mice or with those treated with CI1.

These results thus show that the treatment is less
effective 1in the case of the administration of the
macromolecular complex resulting from the Bifidobacterium
breve strain than with the macromolecular complex resulting
from the Bifidobacterium Ilongum strain deposited under
number CNCM I-39%4. Indeed, the administration of the
complex according to the invention maintains the production
of regulatory T cells, these being cells which play a

predominant role in the anti-inflammatory response.
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FA Dendritic cells T lymphocytes

Th Treg
mice (n)* Chllce CD4 + CDh4+, CD25+
treatment
control (4) 3.6 % 0.9 5.30 £+ 0.6 0.32 + 0.04
Cl (4) 3.04 & 5.2 + 0.3 0.30 + 0.07
c2 (&) 3.28 + 4.07 % 1.0 0.22 + 0.03

Table 4: Cell population as a function of the treatment

administered

* the mice are of comparable age (approximately 7 months)
a: expression as % of splenocytes
** mice associated with flora of a healthy volunteer

CDllc= 4.76 + 1.6

Moreover, table 5 represents Spearman’ s correlation
between the cell populations.

It is demonstrated in this table that the splenic
dendritic cell and T Ilymphocyte levels correlate in the
mice treated with the macromolecular complex resulting from
the Bifidobacterium longum strain Cl {Spearman’ s
correlation clogse to 1), whereas the cell populations are
numerically independent in the mice treated with the
macromolecular complex resulting from the Bifidobacterium
breve strain C2 (Spearman’ s correlation close to 0).

More specifically, the dendritic cell level in the
mice treated with the macromolecular complex resulting from
the Bifidobacterium Ilongum sgtrain Cl correlates with the
subpopulation of T lymphocytes, the CD4, (D25 Treg
lymphocytes producing the anti-inflammatory interleukin 10.
The two cell populations therefore change in a dependent
manner with treatment with the macromolecular complex
resulting from the Bifidobacterium longum strain Cl. The

macromolecular complex resulting from the Bifidobacterium
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longum strain Cl therefore conditions the dendritic cells,
thereby facilitating the recruitment by these cells of the
interleukin 10-producing lymphocytes.

ra¥x CDhllc vs Th CD4+ p CDhlilc vs Th p
CD4+, CD25+

Treatment

control (&) 0.45 NS 0.45 NS

c1(7) 0.81 <0.05 0.7% < 0.05

c2 {7) 0.16 NS 0.07 NS

Table 5 : Spearman’ s correlation between the cell

populations according to the treatment

Example 8 : Modification of gene expresgsion

Tablegs 6 and 7 demonstrate the effect of the treatment
linked to the administration of the macromolecular complex
Cl with regpect to gene expression by comparing the gene
expressions of the dendritic cells of arthritic patient
flora-associated mice relative to healthy volunteer £flora-
associated mice (FA wvs FN in table 6) with those of the
dendritic cellsg of arthritic patient flora-associated mice
treated for 15 days with 0.2 mg/l of the macromolecular
complex Cl1, relative to nontreated mice (FAt vs FA in table
6). These results show that the hyperstimulation of the
flora on the immune system is returned to normal with the
treatment.

Indeed, in the case of mice harboring an arthritis
flora, a certain number of genes are overexpressed, such as
genes for proteolysis or for hydrolysis of sugars, involved
in the digestion of the antigens taken up by the dendritic
cells, and also genes involved in inflammation (elastase).
After treatment (FAt vs FA), an expression similar to that
of mice harboring a healthy subject flora is found: by way
of example, for elastase, the ratio of FC of its expression

in mice harboring the arthritis £flora (FA) vs mice



10

15

20

25

30

25

harboring a healthy subject flora (FN) (FA vs FN before
treatment) is +24.725. After treatment of the mice
harboring the arthritis flora with the macromolecular
complex Cl, the ratio FC comparing its expression with that
of the nontreated mice harboring the flora of a patient
suffering from arthritis (FAt vs FA) (after treatment) is
-23.922, that is to say a return to its baseline expression
in a mouse harboring a healthy subject flora.

Moreover, table 7 demonstrates the geners which have
not been overactivated by the arthritis flora relative to
the healthy subject flora, but the expression of which is
all the sgame wmodified Dby the administration of the
treatment with CIL. For example, the prostaglandin
reductagse 2 is overexpressed, which suggests a reduction of
inflammation. Likewise, the Ednrb gene involved in
inflammatory processes 1ig underexpressed following the
treatment.

Example 9 : Prevention of chemically induced osteocarthritis

in rats by administration of the macromolecular complex

Procedure:

Ostecarthritis ig induced in male CD-strain rats
weighing 125-150g (Charles River) by injection into the
right tibiofemoral joint of 3 mg (0.05 ml of a seolution at
60 mg/ml) of sodium iodoacetate (MIA).

The animals are then observed (gradation of limping)
for a post-operative period of approximately 15 days before
continuously receiving the macromolecular complex resulting
from the Bifidobacterium longum strain Cl (aqueous solution
of 0.3 mg of macromolecular complex resulting £from the
Bifidobacterium longum strain Cl/1l) per os for 3 weeks
(adaptation period).

During the next 5 weeks, the same solution of
macromolecular complex resulting from the Bifidobacterium

longum strain €1 is administered in Dbatchwise fashion
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(alternating between water for 3-4 days and administration
of the solution containing the macromolecular complex C1
for 3-4 days). Thus, the doses received by the rats during
the adaptation period are 26.3 =+ 7 pg of macromolecular
complex Cl/kg of body  weight, then  during  the
administration period of the next 5 weeks, 18.9 + 6 ug of
macromolecular complex Cl/kg of body weight.

At the end of the trial, the rats are euthanized by
intraperitoneal injection of sodium pentobarbital (CEVA
Santé animale) 2 to 4 hours after having removed the drink
and feed.

Moreover, rats which have not received the
administration of the macromolecular complex resulting from
the Bifidobacterium longum strain Cl are also euthanized
(control group) .

The joints of the posterior limbs of the rats belonging
to the group treated with the macromolecular complex
resulting from the Bifidobacterium longum strain €1 and the
rats of the control group are removed and the tibiofemoral
articular junction is observed (figures 6 and 7).

In figures 6 and 7, 1 represents the femur,
2 represents the cartilage, 3 represents the gynovial
membrane, 4 represents the patella and 5 represents the
tibia.

Furthermore, a bacteriological analysis is carried out
on the following organs: blobd, lung, 1liver, spleen,
kidney, Peyer’' s patches, ileum (three fragments), cecum,

colon.
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Results:
Figures 6a and 6b demonstrate no deformation of the joints
of the posterior limbs.
The right posterior limbs (injection of MIA) of the rats
not treated with the wmacromolecular complex Cl1 show a
deformation suggestive of ostecarthritis lesions (figures
7a and 7b). Conversely, no deformation is noted in rats
having received the macromolecular complex C1 (50% of
responder rats) (figures 7c and 7d).
Moreover, the bacteriological analysis makes it possible to
establish the following observations. In the responder
rats, the intestinal flora is modified in several sites:

- staphylococci are undetectable in the distal ileum,

- enterobacteria (other than E.coll) are undetectable in

the colon,

~a decrease 1in clostridia is observed in the cecum

(<2.7 vs 3.2 + 0.5 log cfu/g in the controcl rats),

-a decrease 1in enterococci is observed in the colon

(<5 log cfu/g vs 6.2 % 0.5 log cfu/g in the control

rats) .

Moreover, a translocation of lactobacillae in the
lungs is noted (4.2 + 2.5 log cfu/g), whereas the lungs of
the unprotected rats are sterile or contaminated with
staphylococci.

Conclusions:

When the administration of the macromolecular complex of
the invention modifies the balance of the intestinal flora
in the model of ostecarthritis and the Dbacterial
translocation, it effectively protects the animal against

the degenerative process induced by the injection of MIA.



10

15

20

25

30

28

CLATMS

1. A bacterial macromolecular complex which can be
produced by bacteria belonging to the Bifidobacterium
Jongum strain deposited according to the treaty of Budapest
under number CNCM I-39%4, on May 23, 2008, with the
Collection Nationale de Cultures de Microorganismes (CNCM)
[National Collection of Microorganism Cultures], consisting
of chains combining a lipoprotein and an oligosaccharide,
characaterized in that:

- the lipoprotein has a molecular weight of from 30 kDa
to 60 kba ;

- the oligosaccharide has a molecular weight of less
than 15 kDa, and preferably less than 10 kDa;

- the lipoprotein component, which consists of all the
lipoproteins of each of the chains, represents from 75
to  99%, preferentially from 80 to  98%, more
preferentially from 85 to 95% by weight of the total
weight of the complex, and the oligosaccharide
component, which consists of all the oligosaccharides
combined with each of the chains, represents from 1 to
25%, preferentially from 2 to 20%, and more
preferentially from 5 to 15% of the total weight of
the complex.

2. The macromolecular complex as claimed in claim 1,
characterized in that it has a molecular weight of greater
than 150 kDa, preferably greater than 400 kxDa and
particularly preferably greater than or equal to 600 kDa.

3. The macromolecular complex as claimed in either of
claims 1 and 2, characterized in that the lipoprotein
comprises the amino acid sequence SEQ ID 1.

4. The macromolecular complex as claimed in one of
claims 1 to 3, characterized in that the amino acid

sequence of the lipoprotein is SEQ ID 2.



10

i5

20

25

30

29

5. The macromolecular complex as claimed in one of
claime 1 to 4, characterized 1in that the saccharides
constituting the saccharide component of the macromolecular
complex are chosen from galactose (Gal),
N-acetylgalactosamine (Gal Nac) , glucose (Glc),
N-acetylglucosamine (Glc¢ Nac), rhamnose (Rham), and mannose
(Man), and mixtures thereof.

6. The macromolecular complex as claimed in claim 5,
characterized in that the average weight composition of
galactose 1s between 1 and 50 pug/mg of macromolecular
complex, preferably between 5 and 20 pg/mg of
macromolecular complex, and of mannose i1s between 0.5 and
10 pg/mg of macromolecular complex, preferably between 1
and 10 pg/mg of macromolecular complex; that of glucose is
between 3 and 80 ug/mg of macromolecular complex,
preferably Dbetween 5 and 50 pg/mg of wmacromolecular
complex, and even more preferably between 10 and 50 ug/mg
of macromolecular complex; that of N-acetylgalactosamine is
between 2 and 30 ug/mg of macromolecular complex,
preferably between 2 and 20 pug/mg of macromolecular
complex, and even more preferentially between 2 and
10 pg/mg of macromolecular complex; that of
N-acetylglucosamine is  between 1 and 10 pg/mg  of
macromolecular complex, preferably between 1 and 5 pug/mg of
macromolecular complex; that of rhamnose is between 0.05
and 10 ug/mg of macromolecular complex, preferably between
0.05 and 5 ug/mg of macromolecular complex, and even more
preferentially between 1 and 5 pg/mg of macromolecular
complex.

7. The macrcemolecular complex as c¢laimed in one of
claims 1 to 6, characterized in that lipids constituting
the lipid component of the macromolecular complex are
chosen from the group consisting of long Cl4, Clé and C18

saturated fatty acids, and mixtures thereof.



8. A pharmaceutical composition, characterized in that it
comprises at least the macromolecular complex as claimed in
one of claims 1 to 7, as active ingredient, and at least one
pharmaceutically acceptable support.

9. The pharmaceutical composition as claimed in claim 8,
characterized 1in that the weight concentration of the
macromolecular complex as claimed in claim 1 represents from
0.1 to 50 ug/g of the pharmaceutical composition.

10. The pharmaceutical composition as claimed in claim 8
or 9, for use in regulating the intestinal flora and bacterial
translocation.

11. The pharmaceutical composition as claimed in claim 8
or 9, for use in the treatment or prevention of inflammatory
rheumatism and osteocarthritis.

12. A food composition, characterized in that it contains
at least said macromolecular complex as claimed in one of
claims 1 to 7, and at least one food ingredient.

13. The food composition as claimed in claim 12,
characterized din that the weight concentration of the
macromolecular complex as claimed in claim 1 represents from
10 ng/g to 2 ug/g of the food composition.

14. The food composition as claimed in either of claims
12 and 13, characterized in that it is in the form of food
products.

15. A nutraceutical composition, characterized in that it
containg at least said macromolecular complex as claimed in
one of c¢laims 1 to 7, and at least one nutraceutically
acceptable support.

16. The nutraceutical composition as claimed in claim 15,
characterized din that the weight concentration of the
macromolecular complex as claimed in claim 1 represents from

10 ng/g to 5 pg/g of the nutraceutical composition.
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17. The nutraceutical composition as claimed in either of
claims 15 and 16, characterized in that it is in the form of
food supplements.

18. The nutraceutical composition ag claimed in one of
claims 15 to 17, for use in the prevention of inflammatory

rheumatism and osteocarthritis.



MACROMOLECULAR COMPLEZX OF BACTERIAL ORIGIN AND USE OF SAID
MACROMOLECULAR COMPLEX FOR PREVENTING AND TREATING
INFLAMMATORY RHEUMATISM

ABSTRACT

The present invention  relates to a bacterial
macromolecular complex produced by bacteria belonging to
the Bifidobacterium longum strain deposited according to
the treaty of Budapest under number CNCM I-3994 with the
Collection Nationale de Cultures de Microorganismeg (CNCM)
[National Collection of Microorganism Cultures], consisgting
of chains combining a lipoprotein and an oligosaccharide,
characterized in that:

- the lipoprotein has a molecular weight of from 30 kDa
to 60 kDa ;

- the oligosaccharide has a wmolecular weight of less
than 15 kDa, and preferably less than 10 kDa;

- the lipoprotein component, which consists of all the
lipoproteins of each of the chains, represents from 75
to 99%, preferentially from 80 to 98%, more
preferentially from 85 to 95% by weight of the total
weight of the complex, and the oligosaccharide
component, which consists of all the oligosaccharides
combined with each of the chains, represents from 1 to
25%, preferentially from 2 to 20%, and more
preferentially from 5 to 15% of the total weight of

the complex.



