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Abstract

A protein selected from the amino acid sequence of the region valine Val(91) to glycine
Gly(121) of the mature human tumour necrosis factor, or a portion thereof, with the proviso
that the protein comprises at least the amino acid sequence of the region lysine Lys(98) to
glutamic acid Glu(116), with the cysteine Cys(101) being replaced by a glycine and an
amide bond being formed between the amino group of the side chain of the lysine Lys(98)
and the carboxyl group of the side chain of the glutamic acid Glu(116), which activates
epithelial ion channels and improves the lung function and which can be used for the

manufacture of medicaments for the treatment of diseases associated with the lung function,

such as oedemas.
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Cyclic Protein Free from Cysteines

The present invention relates to a cyclic protein free from cysteines which can be used as a
medicament, €.g., for activating epithelial 1on channels, for improving the lung function as

well as for treating oedemas such as pulmonary oedemas.

The fluid transport through cell layers and tissue 1s primarily based on an osmotic gradient
by an active vectorial ion transport, €.g., sodium transport. It is accomplished mainly by
strictly regulated and vitally important ion channels such as, e.g., the epithelial sodium
channel complex (ENaC). Water passively follows this gradient, inter alia, through special
water channels such as the water channel Aquaporin V. For lung tissue it 1s known that,
basolaterally on the pumping cells, Na+/K+ ATPases drive the vectorial transport of sodium
into the interstice and finally of 1ons into the lymph and blood vessels. Thus, said transport is
active and occurs independently of the transphlmonary pressure and the alveolar protein

concentration.

An oedema is a pathological accumulation of fluid in an organ such as, e.g., in the lungs, but
also in the brain or in the skin. An oedema in the lungs is called a pulmonary oedema. The
pulmonary oedema is mostly based on an imbalance between fluid extravasation and fluid
resorption. Very often, the permeability of the lung tissue is also damaged so that an

increased fluid supply occurs and the fluid accumulates in the pulmonary alveol.

Such a permeability defect as a result of a lack of return transport of fluid from the

pulmonary alveoli into the interstice 1s particularly significant for an Acute Lung Injury,
ALI, or tor the Acute Respiratory Distress Syndrome, ARDS, or for the Severe Acute
Respiratory Syndrome (SARS), for pneumonia and for multi-organ failure. However, the
permeability defect also plays a part in other lung diseases such as respiration-induced lung
injuries, lung transplants, transfusion-associated lung injuries, therapeutical administration of

[L-2 or asthma.

As a result of an increased tluid accumulation in the tissue or organ, e.g., in the lungs, the

required gas exchange is impeded or completely restricted. No oxygen from the breathing air
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reaches the blood so that life-threatening organ damages may occur due to oxygen

deficiency.

There 1s no general standard therapy for the treatment of the permeability oedema. It is
generally attempted to give artificial respiration to patients having pulmonary oedemas in

order to ensure the supply of oxygen into the blood and thus into the organs.

[ndividual peptides derived from the tumour necrosis factor (TNF) are known from

DE 38 41 759.

Carswell et al. in Proc. Natl. Acad. Sci. USA 72, 3666, 1975, have reported that the serum of
animals treated with endotoxin, which previously had been infected with the mycobacterial
strain Calmette-Guerin (BCGQG), caused haemorrhagic necrosis in different tumours in mice.
This activity was attributed to the tumour necrosis factor. TNF also shows a cytostatic or
cytotoxIc in vitro activity against a plurality of transformed cell lines, whereas normal
human and animal cell lines are not affected by this (M. R. Ruff et al, Lymphokines, Vol. II,
Academic Press Inc., New York , 1981, pp 235-275). The biochemical characterization and
the gene for human TNF has already been described (D Pennica et al, Nature 312, 724, 1984;
Aggarwal, B. B. et al, J. Biol. Chem. 260, 2334-2345, 1985 Nedwin, G.E. et al, Nucl. Acids
Res. 13, 6361, 198)5).

It has been possible to derive the following protein structure for the human mature tumour

necrosis factor (TNF) from these data:

(NHz)Val Arg Ser Ser Ser Arg Thr Pro Ser Asp Lys Pro Val Ala His Val Val Ala Asn Pro
Gln Ala Glu Gly GIn Leu Gln Trp Leu Asn Arg Arg Ala Asn Ala Leu Leu Ala Asn Gly Val
Glu Leu Arg Asp Asn GIn Leu Val Val Pro Ser Glu Gly Leu Tyr Leu Ile Tyr Ser Gln Val

Leu Phe Lys Gly GIn Gly Cys Pro Ser Thr His Val Leu Leu Thr His Thr Ile Ser Arg Ile Ala
Val Ser Tyr Gln Thr Lys Val Asn Leu Leu Ser Ala Ile Lys Ser Pro Cys Gln Arg Glu Thr Pro
Glu Gly Ala Glu Ala Lys Pro Trp Tyr Glu Pro Ile Tyr Leu Gly Gly Val Phe Gin Leu Glu
Lys Gly Asp Arg Leu Ser Ala Glu Ile Asn Arg Pro Asp Tyr Leu Asp Phe Ala Glu Ser Gly
Gln Val Tyr Phe Gly Ile Ile Ala Leu(COOH)
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Furthermore, the TNF-gene of cattle, rabbit and mouse has been described (Goeddel D. V. et
al., Cold Spring Harbor Symp. Quant. Biol. 51, 597, 1986).

Besides its cytotoxic properties, TNF, amongst others, plays a major part in inflammatory
reactions (J.W. Larrick et al, Pharmac. Res. Vol. 5, No. 3, 129-139, 1988). In an animal
model, it has been possible to demonstrate the involvement of TNF in septic shock (Torti F.
M. et al, Science 229, 867-869, 1985) and in the graft versus host disease (Piguet, P F et al,
J. Exp. Med. 166, 1280, 1987).

In Lucas R et al, Science (1994) Vol. 263. no. 5148, pp. 814 — 817, a peptide i1s described
which has been derived from region Ser(99) to Glu(116) of the TNF and which 1s suggested
for the treatment of oedemas. Said peptide is also the subject matter ot WO 00/09149.
However, in order to render this peptide of WO 00/09149 usable, position Pro(100) had to be
replaced artificially by the amino acid cysteine and position Cys(101) had to be replaced
artificially by the amino acid glycine. Since the linear peptide Ser(99) to Glu(116) had no
effect according to the invention (Hribar M. et al., Eur. J. Immunol. (1999), Vol.29, 3103-
3111; Braun C., J. Immunol. (2005), 175: 3402-3408; Fukuda N. et al. Am J Physiol Lung
Cell Mol Physiol (2001) 280: L1258-L1265), position Glu(116) had to be replaced

additionally by the amino acid cysteine.

Such a peptide described in WO00/09149 1s unsuitable for the preparation of medicaments

since 1t contains two cysteines in positions (100) and (116) which are known to be reduced in
a solution, in which event the sulfur bridge between the cysteines is destroyed and the cyclic

structure of the peptide disintegrates, whereby the peptide is rendered ineffective.

Surprisingly, a cyclic peptide free from cysteines has now been found which is derived from

the mature tumour necrosis factor (TNF) and exhibits interesting biological properties.

The mature tumour necrosis factor (TNF), as used herein, is preferably the human mature

tumour necrosits factor.
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In one aspect, the present invention provides a protein which is selected from the amino acid
sequence of the region valine Val(91) to glycine Gly(121), or a portion thereof, of the mature
human tumour necrosis factor, with the proviso that the protein comprises at least the amino
acid sequence of the region lysine Lys(98) to glutamic acid Glu(116), with the cysteine
Cys(101) being replaced by a glycine and an amide bond being formed between the amino
group of the side chain of the lysine Lys(98) and the carboxyl group of the side chain of the
glutamic acid Glu(116).

A protein provided according to the present invention is herein referred to also as a ,,protein

according to (of) the present invention®.

According to the present invention, particularly suitable are proteins comprising amino acid

sequences

SEQ ID:NO:1
(NH,)Val-Asn-Leu-Leu-Ser-Ala-Ile-Lys-Ser-Pro-Gly-Gln-Arg-Glu-Thr-Pro-Glu-Gly-Ala-
Glu-Ala-Lys-Pro-Trp-Tyr-Glu-Pro-lle-Tyr-Leu-Gly(COOH), wherein an amide bond is
formed between the amino group of the side chain of the lysine Lys(8) and the carboxyl

group of the side chain of the glutamic acid Glu(26), and

SEQ ID:NO:2
(NH;)Lys-Ser-Pro-Gly-Gln-Arg-Glu-Thr-Pro-Glu-Gly-Ala-Glu-Ala-Lys-Pro-Trp-Tyr-
Glu(COOH), wherein an amide bond is formed between the amino group of the side chain of

the lysine Lys(1) and the carboxyl group of the side chain of the glutamic acid Glu(19).

A protein according to the present invention can be produced in a suitable manner, €.g.,
analogously to a known process, or as described herein, for example, by chemical synthesis
by means of peptide chemistry or using microbial processes. The introduction of the amide
bond between the free amino group and the free carboxyl group may likewise occur in a

suitable manner, e.g., analogously to a known process, or as described herein.
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A protein according to the present invention can exist in free form or in the form of a salt,
e.g., in the form of an acid addition salt such as an acetate salt or a trifluoroacetic acid salt,
and, in a further aspect, the present invention provides a protein according to the present

invention in the form of a salt.

It has turned out that a protein according to the present invention shows an interesting

biological activity and thus can be used as a medicament.

In a further aspect, the present invention provides a protein according to the present
invention for use as a medicament, e.g., the use of a protein according to the present

invention as a medicament.

For example, biological examinations on human cells show that a protein according to the
present invention, also in contrast to the human TNF, exhibits virtually no inflammatory or
toxic properties. For the examination, human immune cells from the blood are mixed with
protein according to the present invention at a small concentration and are incubated in a
manner common in laboratories. Subsequently, marker proteins for inflammations are
determined in cell-free culture media by conventional methods. Despite the addition of a
protein according to the present invention, €.g., a protein of amino acid sequence SEQ ID
NO:1 or SEQ ID NO:2, such inflammatory proteins, such as, €.g., the inflammation marker
Interleukin-6 (IL-6), cannot be detected.

In a further aspect, the present invention provides a process for preventing inflammations,
e.g., for preventing the formation of inflammation markers such as IL-6 in the medical
application of proteins derived from the tumour necrosis factor, e.g., from the human tumour
necrosis factor, which is characterized in that a protein according to the present invention 1s

used.

Furthermore, a method common in laboratories is to detect the activation of 1on channels by
means of patch-clamp experiments, and this is described, for example, in Clunes M.T. et al, J
Physiol Volume 557, No. 3, 809-819 (June 135, 2004). For patch-clamp examinations of ion

channels, a glass cannula is stretched thin and filled with a neutral buffer solution. The glass
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cannula (patch-clamp pipette) is carefully pressed onto an intact epithelial cell. A piece of
membrane is located below the pipette. An electrical resistance is thereby produced between

the interior of the pipette and the external solution. An electrode attached to a sensitive

amplifier dips into the pipette solution.

It surprisingly turns out that a protein according to the present invention, €.g., a protein of

amino acid sequence SEQ ID NO:1 or SEQ ID NO:2, which, as described herein, is cyclized
by an amide bond, will activate the epithelial ion channels, which is detectable by a variation
in the amplidude of the electrical signal. As a result of the fact that a protein according to the

present invention contains no cysteine or sulfur bridge, such a protein cannot be reduced.

For the simulation of an acute lung injury and for the formation of a pulmonary oedema, the
lungs of laboratory animals, e.g., mice or rats, can be rinsed several times with an acidified
saline solution in a manner common in laboratories (for example, according to Isik F. et al.,
Eur J Cardiothorac Surg (2005); 28: 301-305). The result is a decrease in lung function. If a
protein according to the present invention, e.g., a protein of amino acid sequence SEQ 1D
NO:1 or SEQ ID NO:2, which, as described herein, is cyclized by an amide bond, is injected
as a fog or in an aqueous solution into the lungs of the laboratory animals, a distinct
improvement in the lung function will occur within 3 to 5 hours, as indicated by the
increased oxygen content in the arterial blood.

Thus, a protein according to the present invention can be used for the treatment of oedemas

such as pulmonary oedemas.

In another aspect, the present invention provides a protein according to the present invention
for the treatment of diseases associated with the lung function,
e.g., the use of a protein according to the present invention for the manufacture ot a

medicament for the treatment of diseases associated with the lung function.

The treatment of diseases associated with the lung function includes, for example, the
activation of epithelial ion channels, the improvement of the lung function and/or the
treatment of oedemas such as pulmonary oedemas,

the treatment
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- of Acute Lung Injury, ALI,

- of Acute Respiratory Distress Syndrome, ARDS,

- of Severe Acute Respiratory Syndrome (SARS),

- of pneumonia,

- in case of multi-organ failure,

- in case of respiration-induced lung injuries, lung transplants, transfusion-associated lung
injuries, therapeutical administration of IL-2 or asthma,

e.g., the activation of epithelial ion channels, the improvement of the lung function and/or

the treatment of oedemas such as pulmonary oedemas.

In another aspect, the present invention provides a process for the treatment of diseases
associated with the lung function, which is characterized in that a sufficient amount of a
protein according to the present invention is administered to a patient in need of such a

freatment.

A patient, as used herein, includes mammals, e.g., humans.

A protein according to the present invention can be administered in the form of a

pharmaceutical preparation.

In another aspect, the present invention provides a pharmaceutical preparation which is
characterized in that it comprises a protein according to the present invention, e.g., In
combination with at least one pharmaceutically acceptable adjuvant such as carriers or
diluents, for example, fillers, binders, flow-conditioning agents, lubricants, flavouring
agents, sugar or sweeteners, odorous substances, preservatives, substances having a
stabilizing effect, humectants, emulsifiers, solubilizers, salts for regulating the osmotic

pressure and/or buffer (mixtures).

The suitable amount of a protein according to the present invention for the treatment of
diseases will of course depend strongly on different parameters, for example, the chemical
nature and the pharmacokinetics of the protein used, the individual patient, the disease to be

treated, the type of application, however, a successful daily dose for larger mammals
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includes, for example, an amount ranging from 0.0001 g to 1.5 g, e.g., from 0.001 mg/kg
body weight to about 20 mg/kg body weight.

The application may occur pulmonarily or parenterally and preferably occurs parenterally.
A pharmaceutical preparation according to the present invention can be produced in a
suitable manner, e.g., analogously to a known method, e.g., by mixing, granulation, coating,

dissolution, lyophilization methods.

Description of the figures

Fig. 1A shows the HPLC chromatogram of the protein comprising amino acid sequence SEQ

ID NO:1. Units: y-axis: absorption in mAU; x-axis: time in minutes.

Fig. 1B shows the HPLC chromatogram of the protein comprising amino acid sequence SEQ

ID NO:2. Units: y-axis: absorption in mAU; x-axis: time in minutes.

Fig. 2A shows the activation of sodium ion channels by a protein of amino acid sequence

SEQ ID NO:1. Units: y-axis: number; x-axis: amplitude in pA.

Fig. 2B shows the activation of sodium ion channels by a protein of amino acid sequence

SEQ ID NO:2. Units: y-axis: number; x-axis: amplitude in pA.

Fig. 3A shows the increase in the oxygen content in the arterial blood upon administration of
a protein comprising amino acid sequence SEQ ID NO:1. Units: y-axis: oxygen content in

%: X-axis: measuring time in minutes.

Fig. 3B shows the increase in the oxygen content in the arterial blood upon administration of
a protein comprising amino acid sequence SEQ ID NO:2. Oxygen content in %; x-axis:

measuring time in minutes.

Example 1: Synthesis of a protein comprising amino acid sequence SEQ ID NO:1,
wherein an amide bond is formed between the amino group of the side chain of the

lysine Lys(8) and the carboxyl group of the side chain of the glutamic acid Glu(26)
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A protein comprising amino acid sequence SEQ ID NO:1 was synthesized tully

automatically via Fmoc solid-phase synthesis in the following steps:

Step Process Product

| coupling of amino acids peptide (protein) bound to
the solid phase

2 | splitting from the solid phase | peptide (protein) in solution

3 purification purified peptide (protein) as

a TFA-salt

4 purification / salt exchange | purified peptide (protein) as
an acetate salt

5 analytical examination purified peptide (protein)

The cyclization was effected by connecting the epsilon-amino group of the lysine (position

8) to the gamma-carboxyl group of the glutamic acid (position 26), whereby an amide bond

was formed. This is effected, for example, by the gamma-carboxyl group of the glutamic

group being converted into an active ester via dicyclohexyl carbodiimide (DCC), which

active ester subsequently reacts spontaneously with the epsilon-amino group of the lysine,

whereby a ring closure is formed 1n the protein.

Subsequently, the protein was examined via reverse HPLC, whereby the result as shown in

Fig. 1A was obtained.

Example 2: Synthesis of a protein comprising amino acid sequence SEQ ID NO:2,

wherein an amide bond is formed between the amino group of the side chain of the

lysine Lys(1) and the carboxyl group of the side chain of the glutamic acid Glu(19)

A protein comprising amino acid sequence SEQ ID NO:2 was synthesized fully

automatically via Fmoc solid-phase synthesis in the following steps:

Step Process Product
1 coupling of amino acids peptide (protein) bound to
the solid phase
2 | splitting from the solid phase | peptide (protein) in solution
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10
Step Process Product
3 purification purified peptide (protein) as
a TFA-salt
4 purification / salt exchange / | purified peptide (protein) as
oxidative cyclization an acetate salt
5 analytical examination purified peptide (protein)

The cyclization was effected by connecting the epsilon-amino group of the lysine (position
1) to the gamma-carboxyl group of the glutamic acid (position 19), whereby an amide bond
was formed. This is effected, for example, by the gamma-carboxyl group of the glutamic
group being converted into an active ester via dicyclohexyl carbodiimide (DCC), which
active ester subsequently reacts spontaneously with the epsilon-amino group of the lysine,
whereby a ring closure is formed in the protein.

Subsequently, the protein was examined via reverse HPLC, whereby the result as shown in

Fig. 1B was obtained.

Example 3: Cell culture

The electrophysiological experiments were performed on human H441 cells. H441 cells are
human lung epithelial cells which are involved in the diffusion of water and electrolytes in

the lungs.
The H441 cells were obtained from the American Tissue Culture Collection and cultivated in
conventional cell culture vessels in RPMI 1640 medium (Invitrogen). The cell culture

medium additionally contained 4.5 g/litre glucose, 1% penicillin/streptomycin and 5% fetal

calt serum.

For the patch-clamp experiments, the cells were transferred onto small glass plates.

Example 4: Activation of ion channels of human epithelial cells by proteins comprising
amino acid sequences SEQ ID NO:1 and SEQ ID NO:2
Macroscopic currents and single-channel currents were discharged from H441 cells in the

“whole cell” and “cell-attached” configuration of the ”patch-clamp” technique (Hamill et al,

Pflugers Arch. 1981, 391(2):85-100, 1981).
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For the measurement of individual ion channels, the proteins were dissolved in a solution of
135 mM Na-gluconate, 15 mM NaCl, 5 mM KCI, 1 mM MgCl,, 2 mM CaCl,, 5 mM
glucose, 10 mM Hepes, pH 7.4, and filled into the patch pipette. The cell membrane
potential was depolarized to 0 mV using the depolarization solution made of 140 m KCI, 15
mM NaCl, 5mM MgCl,, 10 mM Hepes, pH 7.4. During the measurements, a voltage (patch)
of -100 V was adjusted.

This protocol was carried out by adding proteins comprising amino acid sequence SEQ ID
NO:1 or SEQ ID NO:2 as well as the sodium channel inhibitor amiloride. The current

dissipations thus obtained were stored and analyzed by means of the program PCLAMP 6.0.

The results in which the activation of the sodium ion channels by the proteins comprising
amino acid sequences SEQ ID NO:1 and SEQ ID NO:2 is shown are evident from Fig. 2A
and Fig. 2B.

Example 5: Experimental animal study pulmonary oedema

Male Wistar rats (weighing from 250 g to 350 g) are anesthetized with Rompun® (0.02
ml/100g) and Ketavet® (0.1 ml/100g). The respiration is done with a cycle of 72 blows /
minute, with an inhalation time of 0.2 seconds and an exhalation time of 0.5 seconds. The
body temperature ranges, on average, from 37°C to 39°C. Under normal conditions, the
PaO2 (arterial oxygen partial pressure) ranges from 500 to 550 mm Hg.

For the simulation of an acute lung injury and for the formation of a pulmonary oedema, the
lungs are rinsed 7 to 9 times with an acidified saline solution (pH 5).

After one hour, the proteins comprising amino acid sequence SEQ ID NO:1 or SEQ ID
NO:2, dissolved in sterile saline solution, are administered intratracheally as a fog
(maximum volume administered: 0.5 ml).

At intervals of 60 minutes each, arterial blood (0.1 ml) is withdrawn from the animals, and
the oxygen content is determined in % relative to the normal value.

After administering a protein comprising amino acid sequence SEQ ID NO:1 or SEQ ID
NO:2, the oxygen content in the blood is increased, as is evident from Fig. 3A or Fig. 3B,

see also Example 6.

Example 6: Improvement of the lung function by proteins comprising amino acid

sequences SEQ ID NO:1 and SEQ ID NO:2
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The verification of the stimulating effect of a protein according to the present invention, €.g.,
of a protein comprising amino acid sequence SEQ ID NO:1, SEQ ID NO:2 or SEQ ID NO:3,
on the lung function is made via experimental animal studies in which a pulmonary oedema

is induced. The experimental procedure is described in Example 5.
For the intratracheal inhalation, 125 pg protein are, in each case, dissolved in 150 mM saline

solution pH 7.3. The oxygen content of the arterial blood is measured immediately before
rinsing the lungs, 60 minutes after rinsing the lungs and 180 minutes after rinsing the lungs.
The oxygen content immediately before rinsing the lungs is determined to be 100%. 60
minutes after the respective final lung rinsing, the oxygen content in the blood amounts to,
on average, only 20%. Within 3 hours, the percentage oxygen content rises to values of
62% when the treatment occurs with a protein comprising amino acid sequence SEQ ID
NO:1, and

75%, respectively, when the treatment occurs with a protein comprising amino acid sequence
SEQ ID NO:2.

Without addition of protein, no improvement in the lung function (oxygen content 20%) will
occur within 180 minutes after the lung rinsing.

The results are illustrated in

- Fig. 3A for a protein comprising amino acid sequence SEQ 1D NO:1,

- Fig. 3B for a protein comprising amino acid sequence SEQ ID NO:2.

Example 7: Determination of inflammatory parameters

Fresh human blood has a very sensitive reaction to pro-inflammatory molecules, among
other things, with a release of the inflammation marker Interleukin-6 (IL-6). For determining
the pro-inflammatory reaction, samples of human fresh blood at concentrations of the protein
comprising amino acid sequence SEQ ID NO:2 were incubated at the following
concentrations from 1 ng/ml to 10 pg/ml. After an incubation of 24 hours at 37°C, the
inflammation marker Interleukin-6 was quantitatively determined in the solution via ELISA.
LPS served as a positive control (concentrations of 3 ng/ml and 100 ng/ml).

In doing so, the measured data, which are indicated in TABLE 1 and which show the
influence of the peptide protein comprising amino acid sequence SEQ ID NO:2 in
comparison to LPS on the release of the inflammation marker Interleukin-6 from blood cells,

were obtained.
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Table 1
Concentration of Protein SEQ ID NO:2 Positive control ,,LPS*
protein and LP)S, |
respectively Concentration of Interleukin-6 (pg/ml)
(average of three measurements)
|
without addition of protein less than 0.5 less than 0.5
(normal blood value)
10 pg/ml less than 0.5 195.640
1 pg/ml less than 0.5 108.370
3 ng/ml less than 0.5 34.867
] ng/ml less than 0.5 not determined

The measured data in TABLE 1 show that virtually no inflammation marker IL-6 is released
by an incubation of human immune cells in fresh blood with a protein of amino acid

sequence SEQ ID NO:2 and that hence no inflammatory reaction is triggered. In contrast, an
incubation with LPS as a postive control causes a strong release of the inflammation marker

Interleukin-6.
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Claims
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7.

A protein sclected from an amino acid sequence of a region valine Val(91) to glycine

Gly(121) of mature human tumour necrosis factor of SEQ 1D NO: 3. and a portion

thereol.,

with the proviso that the protein comprises at feast an amino acid scquence of a region
lysine 1.ys(98) to glutamic acid Glu(116), with cystemne Cys(101) being replaced
by ¢glycine and an amide bond being formed between an amino group of a side
cham of lysine Lys(98) and a carboxyl group of a side chain of glutamic acid

Glu(116).

The proteimn according to claim 1 comprising amino acid sequence SEQ 1D:NO: |
(NH>)Val-Asn-Leu-Leu-Ser-Ala-Tle-Lys-Ser-Pro-Gly-Gln-Arg-Glu-Thr-Pro-Glu-Gly-
Ala-Glu-Ala-Lys-Pro-Trp-Tyr-Glu-Pro-lle-Tyr-Leu-Gly(COOH). wherein an amide
bond is formed between an amino group of a side chain of tysine Lys(8) and a carboxyl

aroup of a side chain of glutamic acid Glu(26).

The protein according to claim | comprising amino acid sequence SEQ 1D:NO:2
(NIH->)Lys-Ser-Pro-Gly-Gln-Arg-Glu-Thr-Pro-Glu-Gly-Ala-Glu-Ala-l.ys-Pro-Trp- T yr-
Glu(COOLH). wherein an amide bond is tormed between an amino group of a side chain

ol lysine Lys(1) and a carboxyl group of a side chain of glutamic acid Glu(19).

The protein according to any onc of claims | to 3 for use as a medicament for treating

discases associated with lung function.

The protein according to any one of claims 1 to 3 for trecatment of discases associated

with lung function,

The protein according to claim 5 for improving the lung function or for treating

oedemas.

The protein according to claim 6 wherein the oedemas are pulmonary oedemas.
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8. A pharmaceutical preparation, characterized in that the preparation comprises a protein
according to any one of claims | to 7 in combination with at least one pharmaccutically

acceptable adjuvant.

9.  The pharmaceutical preparation according to claim 8. comprising a protein according to
any one of claims [ to 3 in combination with the at least one pharmaceutically

acceptable adjuvant.
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