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Inhibitor of endogenous human interferon-gamma

Field of invention
The invention relates to an inhibitor of endogenous human interferon-gamma
(hIFN-y), applicable for treatment autoimmune diseases, especially for

multiple sclerosis.

Background of invention

About 2% of the human population is affected by various autoimmune
diseases, including multiple sclerosis (MS). MS is neurodegenerative disease
affecting the central nervous system (CNS) and leading to a progressive
physical disability. Although the exact etiology and pathogenesis of MS is still
obscure, it is believed that it might be autoimmune disease [11.
Histopathology of MS is characterized with demyelination of motor neurons in
CNS, loss of oligodendrocytes and moderate inflammatory reaction. Affected
areas in the brain are usually infiltrated with T-lymphocytes and
macrophages. T-lymphocytes belong to the CD+ subtype and are
characterized with increased production of Th1 cytokines (IL-2 and IFN-y) [2].
As a result, the mononuclear cells are induced to produce increased amounts
of some destructive substances such as lymphotoxines (LT) and tumor
necrosis factor alpha (TNF-o). Many studies show that the abnormal
production of IFN-y plays a key role in the pathogenesis of MS [3-6].

Recombinant DNA technology reveals new approaches for
neutralizing the activity of endogenous hIFN-y to find application for treatment
of autoimmune diseases including MS. An inhibitor of the hIFN-y secretion is
hIFN-B, which has already been applied for treatment of MS patients [Patents
US082138, WO9530435, CA2361081]. Patents RU2073522, RU2187332,
RU02166959 recommend treatment with ‘a mixture of hIFN-a,, hIFN-B and
hIFN-y. It is reported, however, that the high daily doses of hIFN-B (8x10° IU)

results in unfavorable consequences related with the following effects of
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hIFN-B: a) hIFN-B blocks the T-cells proliferation [7]; b) hiFN-B neutralizes IL-
12 thus enhancing the effect of hIFN-y on dendrite cells [8]; hIFN-B
suppresses the activity of T cells, producing hiIFN-y and IL-4, thus lowering
the level of CD4+ cells (Th1, Th2) and CD8+ (Tc1) cells without changing the
ratio Th1/Th2 [9, 10]; d) after a short-term treatment of MS patients during
the acute phase hIFN-B decreases the expression of pro-inflamatory
cytokines (such as hlIFN-y and hiFN-a) and increases the expression of anti-
inflamatory cytokines (IL-4 and IL-10) [11].

Another approach for healing MS patients consists in neutralizing the
endogenous hIFN-y by specific monoclonal antibodies [12, 13, W00145747].
The long-term treatment with anti-hIFN-y antibodies, however, results in
deterioration of the health conditions, probably because of weakening of the
natural defense system.

Patents US0086534 and CA2299361 offer a different approach for
suppressing the abnormal production of IFN-y based on the so called
consensus interferons (IFN-con4, IFN-cony and IFN-cons) belonging to the
groups of hiFN-a, hIFN-B and hIFN-t. These recombinant preparations,
however, show side effects, including toxicity.

Proteins with aminoacid sequence partly coinciding with that of the
hIFN-y have been applied as antiviral, antitumor and immunomodulating
agents [US4832959, WO00208107, AT393690]. Their effects, however, is
hard to be assessed since the descriptions are not supported with

experimental data.

Description

The invention relates to an inhibitor of endogenous human interferon-
gamma (hiFN-y) in autoimmune diseases, especially in multiple sclerosis.
More precisely, the invention relates to inactivated protein derivatives of the
hIFN-y with preserved affinity to the hIFN-y receptor. These inactivated

protein derivatives of the hIFN-y represent genetically modified variants of
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hIFN-y, where the C-terminal part of the molecule is either deleted or
replaced with a polypeptide sequence of another human protein (e.g. hIFN-o)
and a recombinant hIFN-y, inactivated by physical or chemical methods.

The inactivated protein derivatives of the hlFN-y according to the
invention are constructed on the basis of both the spatial structure and
functional map of hIFN-y. Since the receptor binding sites are located in the
N-terminal region, the primary structures of the inactivated protein derivatives

according to the invention coincides with that part of the hIFN-y molecule.

1. Genetically modified variants of hIFN-y where the C-terminal part of the

molecule is deleted (Truncated hlFN-y)

To construct a genetically modified variant where the C-terminal part
of hiFN-y is deleted, two oligonucleotides are synthesized and used as a
primers for polymerase chain reaction (PCR). Nucleotide sequence of the
forward primer (SEQ ID No:1) coincides with that of the 5’ coding sequence
of the hIFN-y gene and is designed to introduce a Hindlll cloning site. The
reverse primer (SEQ ID No: 2) covers the cutting site at the 3’ terminus of
hIFN-y gene (27 codons upstream from the stop codon) and introduces a
BamH]l cloning site. The truncated hIFN-y gene (coding for 116 aminoacid
residues) is prepared by a two step PCR using a full size synthetic human
hIFN-y gene (BG75781) as a template and the two above mentioned
synthetic primers and cloned in the expression vector pJP1R3 (Fig. 1). E. coli
LE392 are fransformed and the yield of recombinant product is determined
by ELISA. The truncated hIFN-y is purified by two step (hydrophobic/cationic)
chromatography as it is already described [EP0446582]. The activity of the
truncated IFN-y is determined by its antiviral activity (protecting effect of
hIFN-y on WISH cells against the cytopatic action of the vesicular stomatitis
virus (VSV) [14]. The obtained resuits show that the truncated hIFN-y is
deprived of anti‘viral activity and is capable of competing with the full size

protein for the hIFN-y receptor.
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2. Genetically modified variants of hIFN-y where the C-terminal part of the

molecule is replaced with a polypeptide sequence of another human protein
(Hybrid hiIFN-y/ hiFN-o protein)

The genetically modified variants of hIFN-y where the C-terminal part

of the molecule is substituted, represent a hybrid molecule where 27
aminoacids originating from a human proteins such as IFN-o, IFN-B, IL-2,
etc. are substituted at the C-terminal part of the human IFN-y. The size of the
hybrid protein is 143 aminoacid residues (equal to that of the human IFN-y).
The hybrid IFN-y/IFN-a gene is constructed by ligation of two DNA molecules
one of which (containing 116 codons) originates from the 5'-terminal part of
the hIFN-y gene and the other (containing 27 in frame codons) comes from
the 3’-terminal part of the IFN-o gene. The two gene fragments are prepared
by PCR using full size hlFN-y and hIFN-a genes as templates and a set of
four synthetic primers. The forward primer for the hiFN-y gene (SEQ ID No:
3) is designed to introduce a Hindlll site at the 5'-terminus and the reverse
primer (SEQ ID No: ) to introduce a EcoRI site and also to eliminate the last
27 codons from the 3'-terminus of the hlFN-y gene. The forward primer
designed for modification of the IFN-a. gene (SEQ ID No: 5) introduces an
EcoRI site at the 5'-terminus of the IFN-a gene fragment and also to remove
all but the last 27 codons from the IFN-a gene. The reverse primer (SEQ ID
No: 6) introduces a stop-codon (TAA) and a BamH1 cloning site at the 3'-
end of the IFN-a gene fragment. The two gene fragments are amplified by
PCR, purified by agarose gel electrophoresis and ligated to each other and
then to the expression vector pJP{Rs. The expression plasmid thus obtained
(containing the hybrid hIFN~y/hIFN-a gene) is transformed into E. coli LE392
cells. Bacteria are cultivated and the hybrid protein is purified as described
above. The antiviral test shows that the hybrid hIFN-y/hiFN-o protein is
devoid of antiviral activity on WISH cells and competes successfully with the

intact hIFN-y for the hIFN-y receptor.
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3. hiIFN-~y inactivated by irradiation with UV light (Photoinactivated hiFN-y)

hIFN-y contains single ftryptophan (Trp) residue, which is
indispensable for its biological activity. This residue is destroyed as follows:
Recombinant IFN-y is irradiated with UV light at 290 nm for 15 min. The
results show that the biological activity of the photoinactivated hIFN-y
decreases drastically and the inactivated protein competes successfully with
the intact hiIFN-y for its receptor.

Biological tests with the three derivative compounds of the hIFN-y
according to the invention show undoubtedly that they all have their basic
biological activities (antiviral and antiproliferative) lost or drastically
decreased and also that they all compete with hIFN-y for the hIFN-y
receptor. Due to these properties, the inactive hIFN-y derivative compounds
can be used for suppression of the endogenous hiFN-y activity. Since this
effect is dose dependent, the activity of the endogenous hIFN-y can be
modulated by varying blood concentration of the hiFN-y derivative proteins.
This approach is applicable in the cases when the overproduction of
endogenous hlFN-y causes health problems as in the case of autoimmune

diseases, including MS.
Brief description of the Figures
Fig. 1 represents vector for expression of the hIFN-y derivative, where:

P4 is a synthetic phage promoter
R3 is a synthetic ribosome binding site.

The following examples illustrate the present invention without limiting its

scope and spirit :
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Example 1: Truncated human hIFN-y
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Truncated human hiFN-y protein composed of 116 aminoacid residues

is obtained by expressing of a truncated hIFN-y gene in E. coli LE392 cells.

The latter is prepared by PCR using a synthetic full size hIFN-y gene as a

template and two synthetic forward and reverse primers (SEQ ID No: 1 and

SEQ ID No: 2). The two primers are synthesized on a Cyclon Plus

(MilliGene) gene synthesizer by the phosphoramidite method (0.2 umole

scale) and purified by electrophoresis in 15 % urea-polyacrylamide gel.

The truncated IFN-y gene is prepared by two-step PCR amplification

under the following conditions:

Table 1: Conditions for PCR

Programm Number of Time Temperature
e cycles
i 1 5 min 92°C
I 5 1min 92°C
1min 60°C
1min 72°C
M1 35 1min 92°C
1min 65°C
1min 72°C
Y, 1 10 min 72°C

Table 2: Composition of the reaction mixture

Substances Quantity
Tamplate DNA (50pg/ul) Tul
Reverse primer (20pmol/ul) Tul
Forward primer (20pmol/ul) Tl
Tag-polymeraze (3 U/ul) 1ul
10 x PCR buffer 2ul
2mM dNTP's 2ul
dH,0 12ul
Total 20ul
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The amplified DNA is digested with Hindlil and BamHI, purified by
agarose gel electrophoresis and cloned in the expression vector pJPR3 (Fig.
1). To this end 20 pg plasmid DNA is dissolved in 150 ul Hindlll buffer and
digested with 20 U Hindlll for 3 h at 37 °C. Reaction mixture is extracted
consecutively with phenol and chloroform and the DNA is precipitated with
ethanol. DNA is dissolved in 150 pl BamHI buffer containing 20 U BamHI for
3 h at 37 °C. The latter enzyme is inactivated by heating at 65°C for 10 min
and the vector DNA is dephosphorylated with 1 pl (1 U/ul) calf intestinal
alkaline phosphatase (Boehringer Mannhein) for 30 min at 37 °C. Reaction is
stopped by adding 1/10 v/v 10xSTE buffer (100 mM Tris, 1 M NaCl, 10 mM
EDTA, 10% SDS) followed by deproteinization with phenol and chloroform.
DNA is then precipitated with ethanol and purified by agarose gel
electrophoresis.

Ligation reaction is carried out overnight at 4°C at a molar ratio of
vector to fragment DNA 3:1 and the ligation mixture is used for
transformation of E. coli LE392 cells. The recombinant bacteria thus obtained
are cultivated in LB medium (1% bacto-trypton, 0.5% yeast extract and 1%
NaCl). LB agar is prepared by dissolving 1.5% bacto-agar in LB.

Primary transformants are selected in LB containing 50 pg/ml
ampicillin following by cultivation on LB agar supplemented with 10 ug/ml
tetracycline. The level of expression of the truncated IFN-y gene is evaluated
by ELISA using IFN-y specific monoclonal antibodies. The truncated IFN-y is
purified by two step chromatography on C8-Sepharose and CM-Sepharose
as described in EP0446582 B1. Antiviral activity (in international units) is
determined by the protective effect of IFN-y on WISH cells against the
cytopatic action of stomatitis vesicular virus (VSV) as recommended by Forti
et al. [14]. Analyses show that the truncated IFN-y is devoid of any antiviral

activity.
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Example 2: Construction of a hybrid IFN~y/IFN-a. protein

The hybrid protein hiFN-y/hlIFN-a. comprising 143 aminoacid residues
consists of two N- and C-terminal parts: hIFN-y (composed of 116
aminoacids) and hIFN-o. (composed of 27 aminoacids). This protein is
product of a hybrid hIFN-y/hIFN-o. gene prepared by ligation of two DNA
fragments containing 116 (5' terminal) hiFN-y and 27 (3’ terminal) hiFN-o
codons respectively. The two DNA molecules are obtained by PCR using full
size hIFN-y and hIFN-o genes as templates and two sets of primers (SEQ ID
No 3- 6). The forward primer for modification of the hlFN-y gene (SEQ ID No:
3) is designed to introduce a Hindlll site at the 5" terminus (for ligation to the
expression vector) and the reverse primer (SEQ ID No: 4) introduces EcoRI
site at the 3’ terminus (for ligation to the hIFN-o gene). The latter is designed
also to eliminate the last 27 codons from the hiIFN-y gene. The forward
primer for the hIFN-a gene (SEQ ID No: 5) carries a EcoR! site at the 5’
terminus (for ligation to the hIFN-y gene) and also to removes all but the last
27 codons from the hlFN-a. gene. The reverse primer (SEQ ID No: 6) is
designed to introduce a stop-codon (TAA) and a BamH1 site (for ligation to
the expression vector) at the 3’ end of the hiFN-« gene fragment.

PCR is carried out under conditions described in Tables 1 and 2 and
the amplified DNA fragments are digested with Hindlll and EcoRI for hiFN-y
and EcoRIl and BamHI for hIFN-a respectively. The DNA fragments are
further purified by agarose gel electrophoresis and ligated first to each other
and then to the expression vector. The expression plasmid carrying the
hybrid hIFN-y/hiFN-a gene is transformed into E. coli LE392 cells. Bacteria
are cultivated and the hybrid protein is purified as described in Examplé 1.
The antiviral test shows that the hybrid protein is devoid of any antiviral

activity.
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Example 3: Inactivation of hiFN-y by UV irradiation

Recombinant human hiFN-y (purity higher than 99 %) is dissolved in
0.14 M NaCl, 10 mM Tris, pH 7.4 and exposed in a quartz cuvette to UV light
at 200 nm for 15 min. This treatment leads to photolysis of the unique

tryptophan residue and to 100 fold decrease in the hIFN-y antiviral activity.

Example 4: Inhibitory effect of inactive hIFN-y derivative proteins on the
biological activity of intact hIFN-y

Inhibitory effect of inactive hIFN-y derivative proteins on the biological
activity of intact hIFN-y is investigated using an amniotic cell line WISH
(known to be rich of hiIFN-y receptors). To saturate the hIFN-y receptors,
WISH cells are pre-incubated with inactive hIFN-y derivative proteins for 1 h.
The proteins are washed out, the cells are treated with different
concentrations of intact hIFN-y and infected with VSV according to [14]. The
obtained results show a strongest inhibitory effect for the truncated (116
aminoacids) hlFN-y, followed by the hybrid hiIFN-y/hIFN-o. protein and the
UV-inactivated hIFN-y. Since all hIFN-y inactive derivative proteins preserve
their affinity to the hIFN-y receptor, they a capable of suppressing biological

activity of endogenous (native) hIFN-y.
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CLAIMS

1. Inhibitor of endogenous human interferon-gamma (hIFN-y),
characterized in that they represent inactivated protein derivatives of the
hIFN-y with preserved affinity to the hIFN-y receptor.

2. Inhibitor of endogenous hIFN-y according to claim 1, characterized in
that the inactivated protein derivatives of the hIFN-y represent genetically
modified variants of the hIFN-y or recombinant hIFN-y inactivated by
physical or chemical methods.

3. Inhibitor of endogenous hIFN-y according to claim 1 and 2,
characterized in that its N-terminal primary structure coincides with that of
the human hIFN-y.

4. Inhibitor of endogenous hIFN-y according to claim 1 to 3, characterized
in that the genetically modified variants of hIFN-y are derivatives of the
hIFN-y where the C-terminal part of the molecule is either deleted or
replaced with a C-terminal fragment of another human protein.

3. Inhibitor of endogenous hIFN-y according to claim 1 to 4, characterized
in that the genetically modified variant of hIFN-y is a hybrid protein hIFN-y/
hIFN-o. where the C-terminal part corresponds to that of the hIFN-a.

6. Inhibitor of endogenous hIFN-y according to claim 1 and 2,
characterized in that the inactivated hIFN-y is obtained by UV irradiation
of a recombinant human hIFN-y at 290 nm.

7. Use of the inhibitor of endogenous hIFN-y in the manufacture of a
medicament for the treatment of autoimmune diseases.

8. Use of the inhibitor of endogenous hiFN-y in the manufacture of a

medicament for the treatment of multiple sclerosis.



WO 2006/099701 PCT/BG2005/000013
13

AMENDED CLAIMS
Received by the International Bureau on 07 June 2006 (07.06.2006)

1. Inhibitor of endogenous human interferon-gamma (hIFN-y) on the basis of
inactivated protein derivatives of recombinant hIFN-y characterised in that it
represents genetically modified or physically or chemically treated variants of
hIFN-y with preserved affinity to the hIFN-y receptor.

2, Inhibitor of endogenous hIFN-y according to claim 1, characterised in that its

N-terminal primary structure coincides with that of the human hiFN-y.

3. Inhibitor of endogenous hIFN-y according to claims 1 and 2, characterised in
that the genetically modified variants of hIFN-y are derivatives of the hIFN-y
where the C-terminal part of the molecule is either truncated by 27 amino
acids or replaced with a C-terminal fragment of another human protein.

4, Inhibitor of endogenous hIFN-y according to claims 1-3, characterised in that
the genetically modified variant of hIFN-y is a hybrid protein hIFN-y/hIFN-o.
where the C-terminal part corresponds to that of the hIFN-c.

5. Inhibitor of endogenous hiIFN-y according to claims 1 and 2, characterized in
that the inactivated hlIFN-y is obtained by UV irradiation of a recombinant
human hIFN-y at 290 nm.

6. Use of the inhibitor of endogenous hiIFN-y according to Claims 1-5, in the
manufacture of a medicament for the treatment of autoimmune diseases.

7. Use of the inhibitor of endogenous hiIFN-y according to Claims 1-6, in the
manufacture of a medicament for the treatment of multiple sclerosis.

AMENDED SHEET (ARTICLE 19)
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