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pounds and of the derivatives as an immunostimulant as

well as to pharmaceutical compositions containing at least

one compound or one derivative according to the present
invention.

CLAIM
1. A polysaccharide compound which is chosen from among compounds derived
from D.25 - a polysaccharide extracted from bacterial membrane proteoglycane of
Klebsellia pnevumenia ~ in which agingounds the galactofuranose residues (Galy) of the
linear polysaccharide chain of said D.25 have been converted wholly or at least partly

to arabinose,
2. A polysaccharide compound according to claim ‘1 wherein all the

galactofuranose residucs of the linear polysaccharide chain have been converted to

arabinose and which is defined by the monomer:

- 8 Gal, - B8 Ara - a Gal, - B8 Gal
1,3 1,3 1,3 1,3 ’

lil/z
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d B Ara >

in which Gal, is galactopyranose (in the a and 8 forms) and Ara is arabinose (in the
o and 8 forms).
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The present invention relates to novel compounds
derived from D.25, to the process for their preparation
and to the pharmaceutical compositions in which they are
present. .

The product called 0.25 is the polysaccharide ex-

tracted from bacterial membrane proteoglycanes, comprising

essentially galactose units and having a mole-
cular weight of 30 + iO KD. This polysaccharide has been
described in detail in French Patent No. 84/13,844 filed
on 10th September 1984. This polysaccharide possesses
immunostimulant properties, especially in respect of the
induction of endogenous interferon and the activatijon of
NK (Natural Killer) cells. This polysaccharide is pre-
ferentially isolated from 4 non-capsulated and non-patho-
genic strain of Klebsiella pneumoniae biotype a, deposited
in the National Collection of the Pasteur Institute under
number 145.I1.IP.

The present invention relates to compounds derived
from D.25, in which at least a part of the galactofuranose
residues (Galf) of the Llinear polysaccharide chain of the

. Pepferabl
D.25 have been converted to arab1nosg without® any other
modification of the initial product. In these compounds,
the galactopyranose residues (Gakp) are preferably
preserved.

Among these compounds, one is particularly inter-
esting. This is the compound in which all the galacto-
furanose residues of the Linear polysaccharide chain have
been converted to arabinose and which is defined by the
following monomer:

—f> B GaLp ——> B Ara > a Galp —_—> B Galp
1,3 1,3 1,3 1,3
—> a Ara —> a Gal > a Ara > B Galp —_ a GaLp
1,3 1,3 1,3 1,3 1,53

—=> B Ara —}>
1,3 1,3
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in which GaLp is galactopyranose (a and B forms) and Ara

“is arabinose (a and B forms).

The invention also relates to the derivatives of

the above compounds, namely, in particular:
-semisynthetic derivatives
-labeled derivatives and
-conjugated derivatives.

Among the semisynthetic derivatives, there may be
mentioned the amides, esters, ethers, salts or quaternary
ammonium derivatives with acids, amines, amides or alco-
hols. | -

The derivatives of the compounds according to the
present invention can also be compounds labeled by any
suitable method, for example by means of radioactive ele-

125 or Tc99, or by using fluorescent or

ments such as I
magnetic compounds. Thanks to this type of Labeling, the
products in question can be detected in vivo or'ex.vivo.

The derivatiVes'of the compounds according to the
invention can also be conjugated with chemical compounds
capable of improving their activity or which can bring
them close to barticular sites, especially of the immune
system, so as td enable them to imprové the activity of
the conjugated chemical product.

- A process for obtaining the compounds of the pres-
ent invention comprises subjecting D.25 to a periodate
oxidation followed by a reduction. .

The oxidation is preferably carried out with the
éid-of sodium metaperijodate. The reduction can be car-
ried out with the aid of NaBH,, optionally used in excess.
_ The derivatives ofithe compounds can be obtained
by known methods, namely a Labeling method or a conjuga-
tion method.

The compounds according to the invention and their
derivatives exhibit noteworthy immunostimulant properties
and an absence of cytotoxicity. It is for this reason
that the invention also relates to the use of the com-
pounds and of the derivatives as an immunostimulant as
well -as to_pharmacéut{cat compositions containing-at'leasf
one compound or one derivative according to the presént
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invention.

The compounds and above all the labeled deriva-
tives according to the invention can also be used for
diagnostics, in particular for detecting certain elefents
of the immune system.

Other characteristics and advantages of the pres-
ent invention will be clear on reading the detailed des=

cription which now follows.

Example 1: Isolaticen of the crude membrane proteoglycane.

The biomass of the strain of Klebsiella pneumoniae
145.1.IP is dispersed in ice-cold Tris-HCL buffer (10 mM,
pH 7.0) containing NaCl (0.15 M) and is then subjected to
mechanical grinding intended to break the cell walls. The

bacterial Llysate is clarified by continuous centrifuging
at 15,000 g and the supernatant Liquor is collected. The
Latter is treated by adding acetic acid, in the cold, un-
til pH 4.2 is reached, so as to remove the impurities
(nucleic acids and heavy proteins) by precipitation. The
precipitate of impurities is removed by continuous cen-
trifuging at 15,000 g. The Limpid supernatant Liquor is
collected and then neutralized with NaOH.

The solution is then dialyzed, and is thereafter
concentrated by ultrafiltration on a membrane with a
cutoff at 10,000 Daltons.

The concentrated solution obtained at this stage

corresponds to the crude membrane proteoglycane.

Example 2: Isolation of the crude polysaccharide fraction.

This consists of a controlled alkaline hydrolysis
intended to depolymerize the crude membrane proteoglycane
to Liberate the polysaccharide fraction. To the concen-=
trated and dialyzed solution of crude membrane proteogly-~-
cane obtained above is added NaOH to give a final NaOH
concentration of 0.5 M. Thereafter hydrolysis is carried
out for 1 hour at 56°C. After rapid cooling, the solu-
tion is neutralized with HCL.

The neutralized solution is clarified with filtra=
tion on a filter press and then concentrated by ultrafil-
tration on a membrane with a cutoff at 10,000 Daltons.
Example 3: Purification of the polysaccharide fraction.
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The concentrate obtained in the preceding example
is subjected to a first enzymatic treatment with the (yso-
zyme, intended to destroy the mureine residues which may
persist during the preparation. The hydrolysis is car-
ried out for 2 hours at ambient temperature in a Tris-HCL
buffer (10 mM, pH 8.0) containing EDTA, Nap (4 mM) and
0.1 mg/mlL of Lysozyme.

After the action of the lysozyme, the contaminat-
ing proteins are removed by proteolysis under the follow-
ing conditions: the pH of the solution is adjusted to
7.0 and 0.1 mg/mL of proteinase K is then added. The in-
cubation is continued for 2 hours at 37°C, with stirring.

The polysaccharide is then isolated by precipita-
tion with alcohol. Three volumes of ethyl alcohol are
added at ambient temperature. After 30 minutes' stirring,
the precipitate s collected by filtration. It is redis-
solved in distilled water and the solution is filtered
over a membrane of porosity 0.45 um.

The residual contaminants of the polysaccharide,
originating from the enzymatic hydrolyses, are removed by
molecular sieve chromatography on a Pharmacia industrial
column with SEPHACRYIL S200 HR gel. The volume of sample
deposited represents 5% of the gel volume. Elution is
carrijed out with distilled water at a Linear flow rate
of 5 cm/hour.

The purified polysaccharide peak, detected by con-
tinuous measurement of the refractive index, is collected
and concentrated by ultrafiltration on a membrane with
a cutoff at 10,000 Daltons, to 1/5 of the initial volume.

The concentrated solution obtained at this stage
corresponds to the purified polysaccharide D.25.

Example 4: Preparation of the novel polysaccharide.

The preceding solution is diluted so as to give
20 g of polysaccharide per Lliter of solution. 0.1 M sodium
acetate is then added and the pH is adjusted to 3.8.

Thereafter, 15 g of sodium metaperiodate per liter
of solution are added, after which stirring is continued
for 48 hours in the dark, at a temperature of 15%¢.

The excess metaperiodate is then removed by
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precipitation with barium hydroxide, in the form of a concentrated solution added
gradually, with stirring, until the precipitation has ended. The precipitate thus
formed is removed by simple filtration.

To the above filtrate are then added 21.6 g of NaBH,, after which the

5 mixture is left to react for 18 hours at ambient temperature. The excess NaBH,
is then destroyed by adding acetic acid until the mixture is neutral.

The solution obtained is dialyzed, concentrated on a membrane with a
cutoff at 10,000 Daltons and then lyophilized. The lyophilisate thus obtained,
constitutes the novel D.25 derivative of the present invention.

10 Example 5: Checking the absence of cytotoxicity.

The cytotoxicity is measured by in vitro incubation of various

concentrations of the derivative of the present invention in a culture of YAC-1

cells labeled with *!Cr. After 4 hours' incubation, the yield of *'Cr liberated by

e the lysis of the cells is measured in the supernatant liquor. The results are
DR & expressed in terms of the percentage of cells lysed in comparison with a reference
o0 * culture.

The spontaneous lysis in the reference culture is about 5%.

The results are reported in Table I below,

TABLE I
-E:::E 20 C&nc&ntr.anm‘x/.m‘./uglm;.l %_of cell lysis
RO labeled YAC-1 cell culture

0.05 -02
0.1 1.0
25 0.5 03
o 1.0 -1.0
R 5.0 03
10.0 - 04
50.0 - 0.1
30 100.0 -13

The results show clearly that the product is completely devoid of
cytotoxicity.
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Example 6 Activation of the NK cells in vitro.

Effector cells (mouse spleen cells) are preincubated




10

15

20

25

30

35

_6_
for 6 hours in an RPMI-1640 medium containing 5% of calf

fetus serum with various concentrations of the derivative

to be tested.
The NK activity is measured on 10,000 YAC-1 target
cells Labeled with 51Cr in each well, with a ratio of

effector cells/target cells of 100/1.

After 4 hours' incubation, the amount of 51Cr Liber-
ated into the supernatant Liquor by Lysis of the cells is
measured with a gamma counter.

The results are given in Table II below.

TABLE 11
Concentration in ug/ml %2 Lysis of the YAC-1
target cells
O-reference 18.4
0.1 21.6
1.0 31.6
10 47 .4
100 40.8

The results confirm the very high stimulant power
of the derivative on the activity of the NK cells "in

vitro'".

Example 7: Activation of the NK cells "in vitro" in the

mouse. Comparison with polysaccharide D.25.
CBA/H mice aged 6 to 8 weeks are given an intra-
peritoneal injection of 100 ug of the derivative of the
present. invention one day or three days before measuring
the activity of their spleen NK cells.
The NK activity is then measured as above in the
"in vitro" test.

The results are shown in Table III below.

TABLE 111
Product injected Z Lysis of the target cells
on Day + 1 on.Day + 3
PBS-reference 25.2 18.2
0.25 (100 ug) 20.0 22.0
PS derivative (100 pg) 32.6 26.8

The results presented in the table show that the
novel polysaccharide has a stimulating capacity for NK
cells which is greater than that of 0.25.
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This activity manifests itself from the first day
"after injection and continues to Day + 3 while, under the
same conditions, the activity of 0.25 only appears on

Day + 3.
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The claims defining the invention are as follows:

1. A polysaccharide compound which is chosen from among compounds derived

from D.25 - a polysaccharide extracted from bacterial membrane proteoglycane of

Klebsellia pneumonia — in which compounds the galactofuranose residues (Galy) of the
5 linear polysaccharide chain of said D.2S have been converted wholly or at least partly

to arabinose.

2. A polysaccharide compound according to claim 1 wherein all the

galactofuranose residues of the linear polysaccharide chain have been converted to

arabinose and which is defined by the monomer:

10 > B Gal, » B Ara - a Gal, =~ B Gal,
1,3 1,3 1,3 1,3
st - aAra - aGal, -» aAra > B8 Gapl, == a Gal,
1,83 1,3 1,3 1,3 1,3
R
e e, 15 1,3 1,3
:::.' in which Gal, is galactopyranose (in the o and B forms) and Ara is arabinose (in the
C o and B forms),
3. Semisynthetic, labelled and conjugated derivatives of the polysaccharide
. compounds according to claim 1 or claim 2.

°:":: 20 4. A semisynthetic derivative according to claim 3 chosen from atnong the
ot amides, esters, ethers, salts or quaternary ammonium derivatives with an amine, an
TSI amide, an acid or an alcohol,

" 5. A polysaccharide compound or derivative thereof as claimed in any one of the

} preceding claims which is labelled,

W25 6 A polysaccharide compound or derivative thereof according to any one of

et claims 1 to 4 which is conjugated with chemical compounds capable of improving the

activity of said polysaccharides or derivatives thercof or which can bring said

polysaccharides or derivatives thercof close to particular sites, especially of the

immune system, enabling an improvement in the activity of the conjugated chemical
30  product.

7. A process for obtaining a compound as claimed in claim 1 or 2, which




comprises:
(a)  subjecting D.25 to a periodate oxidation and
(b)  subjecting the compound resulting from (a) to a reduction.
8. The process as claimed i: claim 7, wherein the said pe. - >xidation is
5  performed with a metaperiodate, optionally used in excess.
9. The process as claimed in claim 8, wherein sodium metaperiodate is used.
10.  The process as claimed in any one of claims 7 to 9 wherein said reduction is

performed with NaBH,, optionally used in excess.

11.  Animmunostimulant comprising a compound as claimed in any one of claims
10 1to 4.
12. A pharmaceutical composition which comprises by way of the active principle
. at least one compound as claimed in any one of claims 1 to 4, or its derivatives, in
.;: admixture or otherwise associated with a pharmaceutically acceptable diluent or

carrier.,

5 13, A polysaccharide compound or derivative thereof according to any one of

.
eee oo eees co
—
v

claims 1 to 6, process for obtaining said compounds or derivatives, use thereof as an
immunostimulant or as an active ingredient in pharmaceutical compositions

substantially as hereinbefore described with reference to the examples,

. ': 20 DATED this 9th day of August, 1991,
PIERRE FABRE MEDICAMENT.,
CARTER SMITH & BEADLE
Qantas House, 2 Railway Parade,

Camberwell, Victoria 3124,
25 Australia,




