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Description

Title of Invention: GLUCAGON DERIVATIVES
Technical Field

The present invention relates to a novel glucagon derivative having an excellent
effect on both glucagon-like peptide-1 (GLP-1) receptors and glucagon receptors, and
a composition for preventing or treating obesity containing the glucagon derivative as

an active ingredient.

Background Art

Recent economic advances and lifestyle changes have been accompanied by great
changes in dietary habit. In particular, busy people of today are becoming overweight
and obese due to high-calorie diets and insufficient exercise. According to a report of
the World Health Organization (WHO), more than one billion adults are overweight
worldwide, among them over three million are clinically diagnosed with severe
obesity, and 250,000 people in Europe and 2.5 million people worldwide died of
overweight- or obesity-related diseases every year (World Health Organization, Global
Strategy on Diet, Physical Activity and Health, 2004).

Overweight and obesity increase blood pressure and blood cholesterol level, thus
becoming a cause of various diseases including heart disease, diabetes, arthritis, etc., or
aggravating the diseases. Further, overweight and obesity are some of the main causes
that increase the risk of diseases such as arteriosclerosis, hypertension, hyperlipidemia,
and heart disease in children and adolescents as well as in adults.

As such, obesity is now recognized as a serious disease prevalent all over the world
and is a cause of various diseases. However, since obesity is believed to be overcome
by self-help efforts, obesity patients are being evaluated as people with low self-
control. Nevertheless, obesity is not readily curable because it is a complicated disease
closely associated with appetite control and a mechanism of action for energy
metabolism. Accordingly, for obesity treatment, it is required that both an individual
effort for appetite control and treatment of an abnormal mechanism of action for
energy metabolism be conducted concurrently. In this regard, there has been a need for
the development of a drug capable of treating the abnormal mechanism of action.

As a result of the above effort, anti-obesity drugs such as Rimonabant®
(Sanofi-Aventis), Sibutramin® (Abbott), Contrave® (Takeda), Orlistat® (Roche), etc.,
have been developed. However, these drugs had drawbacks such as fatal adverse
reactions or little efficacy in treating obesity. For example, Rimonabant® shows an

adverse reaction of central nervous system disorder, Sibutramin® and Contrave® show
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adverse cardiovascular effects, and Orlistat® shows an effect of body weight decrease
of only about 4 kg after one year of administration. Accordingly, there appears to be no

sure anti-obesity drug to be safely prescribed to obesity patients.

As such, active research has been conducted to develop a new pharmaceutical drug to
resolve the problems in the conventional anti-obesity drugs, and recently, keen
attention has been paid to glucagon derivatives. Glucagon is secreted by the pancreas
when the blood glucose level falls low due to, for example, drug treatment, diseases,
hormones, or enzyme deficiency. Glucagon signals the liver to break down glycogen to
glucose and raise the blood glucose level to return to its normal level. Furthermore,
glucagon has been reported to have an anti-obesity effect, in addition to the effect of
raising the blood glucose level, by suppressing appetite and activating hormone-
sensitive lipase in fat cells, thereby promoting fat decomposition.

Glucagon-like peptide-1 (hereinafter, referred to as 'GLP-1'), a glucagon derivative,
is a substance under development as a drug to improve hyperglycemia in diabetic
patients. GLP-1 has the functions of increasing insulin synthesis and promoting its
secretion, inhibiting glucagon secretion, inhibiting gastric emptying, enhancing the use
of glucose, and inhibiting food intake. Also, exendin-4, which is secreted by lizard
venom and shows about 50% homology in amino acid sequence with GLP-1, is known
to alleviate hyperglycemia in diabetes patients by activating the GLP-1 receptor.
However, anti-obesity drugs containing GLP-1 or exendin-4 have been reported to
have adverse effects of causing vomiting and nausea.

In this regard, as a GLP-1 alternative, oxyntomodulin, which can bind to both GLP-1
and glucagon peptides, has been highlighted. Oxyntomodulin is a peptide made from
pre-glucagon, the precursor of glucagon, and has the same effects of GLP-1 such as in-
hibiting food intake, promoting satiety, and fat decomposition, thus raising its potential
as an anti-obesity agent.

However, oxyntomodulin or its derivatives have a drawback in that they should be

administered daily at a high dose due to their short in vivo half-lives and low efficacies.

Disclosure of Invention
Technical Problem

The present inventors, in an effort to improve obesity treatment effect while reducing
the dose, have developed a glucagon derivative with a partial modification in its amino
acid sequence, and confirmed that the glucagon derivative has an excellent effect
acting on both glucagon receptors and GLP-1 receptors, thereby completing the present

invention.
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Solution to Problem

[15] The present invention has been made keeping in mind the above problems occurring
in the prior art, and an object of the present invention is to provide a novel peptide
showing an excellent obesity treatment effect.

[16] Another object of the present invention is to provide a composition for preventing or
treating obesity containing the peptide.

[17]
Advantageous Effects of Invention

[18] The novel peptide of the present invention can markedly activate both GLP-receptors
and glucagon receptors compared to the native glucagon, exhibiting an excellent anti-
obesity effect even with a small amount of administration, and thus it can be widely
used as a safe and effective agent for treating obesity.

[19]
Best Mode for Carrying out the Invention

[20] In order to accomplish the above objects, in an aspect, the present invention provides
a novel peptide having an amino acid sequence of the following Formula 1:

[21] X1-X2-QGTFTSDYSKYL-X15-X16-X17-X18-X19-X20-X21-F-X23-X24-W-L-X2
7-X28-X29 (Formula 1)

[22] wherein X1 is histidine, desamino-histidyl, N-dimethyl-histidyl, B-hydroxy imidazo-
propionyl, 4-imidazoacetyl, §-carboxy imidazopropionyl, or tyrosine;

[23] X2 is a-methyl-glutamic acid, aminoisobutyric acid (Aib), D-alanine, glycine,
Sar(N-methylglycine), serine, or D-serine;

[24] X15 is cysteine, aspartic acid, or glutamic acid;

[25] X16 is glutamic acid, aspartic acid, serine, a-methyl-glutamic acid, or absent;

[26] X17 is cysteine, glutamine, glutamic acid, lysine, arginine, serine, or absent;

[27] X18 is cysteine, alanine, arginine, valine, or absent;

[28] X19 is alanine, arginine, serine, valine, or absent;

[29] X20 is lysine, histidine, glutamine, arginine, a-methyl-glutamic acid, or absent;

[30] X21 is aspartic acid, glutamic acid, leucine, or absent;

[31] X23 is isoleucine, valine, or absent;

[32] X24 is arginine, alanine, cysteine, glutamic acid, lysine, glutamine, o-
methyl-glutamic acid, or absent;

[33] X217 is valine, alanine, lysine, methionine, glutamine, arginine, or absent;

[34] X28 is glutamine, lysine, asparagine, or absent; and

[35] X29 is lysine, alanine, glycine, threonine, or absent;

[36] with the proviso that the amino acid sequence identical to SEQ ID NO: 1 is excluded.
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peptide mimics thereof, which can activate both GLP-1 receptors and glucagon

receptors by modifying part of amino acid(s) via substitution.

As used herein, the term "native glucagon” refers to native human glucagon having
the amino acid sequence of His-
Ser-Gln-Gly-Thr-Phe-Thr-Ser-Asp-Tyr-Ser-Lys-Tyr-Leu-Asp-Ser-Arg-Arg-Ala-Gln-A
sp-Phe-Val-GIn-Trp-Leu-Met-Asn-Thr (SEQ ID NO: 1)

The present invention provides the peptides defined above as derivatives of native
glucagon, and in defining the peptides provided in the present invention, the peptides
are intended to differ from native glucagon only at position(s) X in the sequences by

alteration(s).

In the sequence of Formula 1 according to the present invention, amino acids may be
considered to be consecutively numbered from the first amino acid to the 29" amino
acid in the conventional direction from the N-terminus to the C-terminus. Accordingly,
the description on "position" in the sequence of Formula 1 should be interpreted in the
same manner as in the descriptions on positions of native human glucagon and other
molecules.

As used herein, the term "peptide" refers to a compound in the form where two or
more amino acids are linked by peptide bond(s). For the purposes of the present
invention, the peptide may refer to one which exhibits an anti-obesity effect by ac-
tivating both GLP-1 receptors and glucagon receptors.

Throughout the present invention, three-letter codes generally allowed for different
amino acids, such as a-aminoisobutyric acid (Aib), Sar(N-methylglycine), and a-
methyl-glutamic acid, are used along with the conventional one-letter or three-letter
codes for naturally occurring amino acids.

Additionally, the amino acids described in the present invention are abbreviated as

shown below according to [IUPAC-IUB nomenclature.

alanine (A) arginine (R)
asparagine (N) aspartic acid (D)
cysteine (C) glutamic acid (E)
glutamine (Q) glycine (G)
histidine (H) isoleucine (I)
leucine (L) lysine (K)
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methionine (M) phenylalanine (F)
proline (P) serine (S)

threonine (T) tryptophan (W)
tyrosine (Y) valine (V)

The peptide, which has the amino acid sequence of Formula 1 according to the
present invention, may include any peptide that can activate both glucagon receptors
and GLP-1 receptors, via introduction of substitution, addition, deletion, or modi-
fication after translation (e.g., methylation, acylation, ubiquitination, and in-
tramolecular covalent bonds) in the amino acid sequence of glucagon described by
SEQ ID NO: 1.

For the substitution or addition of amino acids, atypical or non-naturally occurring
amino acids may be used, in addition to the 20 amino acids conventionally observed in
human proteins. Commercial providers of the atypical amino acids include Sigma-
Aldrich, ChemPep, Genzyme Pharmaceuticals, etc. The sequences for the peptides
including these atypical amino acids and those for typical peptides may be synthesized
or purchased from the commercial peptide manufacturing companies, e.g., American

Peptide Company or Bachem (USA) or Anygen (Korea), etc.

For increasing the effect of the peptide of the present invention on glucagon receptors
and GLP-1 receptors, in the amino acid sequence represented by SEQ ID NO: 1, the
first amino acid, histidine, may be substituted with 4-imidazoacetyl by deleting the a-
carbon of histidine, substituted with desamino-histidyl by deleting the N-terminal
amine group, substituted with N-dimethyl-histidyl by modifying the N-terminal amine
group with two methyl groups, substituted with 3-hydroxy imidazopropionyl by sub-
stituting the N-terminal amine group with a hydroxyl group, substituted with (-
carboxy imidazopropionyl by substituting the N-terminal amine group with a carboxyl

group, or substituted with tyrosine.

Additionally, the domain which binds to a GLP-1 receptor may be substituted with
an amino acid that can strengthen the hydrophobic bond and the ionic bond. Fur-
thermore, a partial sequence of the glucagon sequence may be substituted with the
amino acid sequence of GLP-1 or the amino sequence of exendin-4 to increase the
activity of the GLP-1 receptor.

Additionally, a partial sequence of the glucagon sequence may be substituted with a
sequence that can strengthen a-helix. Preferably, the amino acid(s) of the Formula 1 at
positions 10, 14, 16, 20, 24, and 28 may be substituted with the amino acid(s)
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composed of Tyr(4-Me), Phe, Phe(4-Me), Phe(4-Cl), Phe(4-CN), Phe(4-NO),
Phe(4-NH,), Phg, Pal, Nal, Ala(2-thienyl), or Ala(benzothienyl), which are known to
assist in a-helix formation, or derivatives thereof. The kind and number of the amino
acids or derivative thereof to be added for this purpose are not limited.

Additionally, preferably, at least one amino acid in at least one amino acid pair at
positions 10 and 14, 12 and 16, 16 and 20, 20 and 24, and 24 and 28 of the amino acid
sequence of the Formula 1 may be substituted with glutamic acid or lysine, resulting in
a pair of glutamic acid and lysine, which can form a ring, and the number of rings for

insertion is also not limited.

In an exemplary embodiment, the amino acid sequence of glucagon may be sub-
stituted with a sequence having an ability to bind to GLP-1 receptors so that the
peptide can exhibit an excellent effect on both GLP-1 receptors and glucagon

receptors.

Preferably, the peptide of the present invention may be, in the amino acid sequence
of the Formula 1, a peptide,

wherein X1 is histidine;

X2 is a-methyl-glutamic acid;

X135 is cysteine or aspartic acid;

X16 is serine, glutamic acid, or aspartic acid;

X17 is arginine, lysine, glutamic acid, or cysteine;

X18 is cysteine, valine, or arginine;

X19 is alanine or valine;

X20 is glutamine, lysine, or histidine;

X21 is aspartic acid, glutamic acid, or leucine;

X23 is isoleucine or valine;

X24 is arginine, glutamic acid, or glutamine;

X217 is valine, lysine, or methionine;

X28 is glutamine, lysine, or asparagine; and

X29 is lysine, glycine, or threonine;

with the proviso that the amino acid sequence identical to SEQ ID NO: 1 is excluded.

More preferably, the peptide of the present invention may be a peptide including an
amino acid sequence selected from the group consisting of amino acid sequences of
SEQ ID NOS: 2 to 14.

The peptide of the present invention may be prepared by a standard synthesis

method, a recombinant expression system, or any method known in the art. Ac-
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cordingly, the glucagon analogue according to the present invention may be syn-
thesized by numerous methods including the following:
(a) synthesizing a peptide by a step-wise method via a solid-phase or liquid-phase
method, or a fragment assembly, separating the final peptide followed by purification;
(b) expressing a nucleic acid construct encoding the peptide in a host cell, and re-
covering the expression product from the host cell culture;

(c) performing an expression of the peptide-encoding nucleic acid construct within a
cell-free tube, and recovering the expression product; or

a method of obtaining fragments of a peptide by a random combination of (a), (b),

and (c), connecting the fragments, thereby recovering the corresponding peptide.

The present inventors confirmed via in vitro experiments that the peptide of the
present invention has an excellent effect on GLP-1 receptors and glucagon receptors,
compared to native glucagon (see Table 2). Additionally, via in vitro experiments it
was confirmed that the peptide of the present invention has an excellent inhibitory
effect against feed intake in an obese animal model, thus demonstrating that the
peptide of the present invention can exhibit an excellent anti-obesity effect even when
a small amount is administered.

Accordingly, the peptide of the present invention is a dual agonist capable of
stimulating cAMP formation in both GLP-1 receptors and glucagon receptors, and is
expected to have a more excellent effect of treating obesity, compared to the existing
glucagon. In this regard, the peptide of the present invention can provide a more at-
tractive selection for treating obesity and obesity-related diseases.

The peptide of the present invention, being a dual agonist, can combine the effect of
GLP-1 in food intake and the effect of glucagon in lipid metabolism, and thereby syn-
ergistically act to accelerate the removal of lipid accumulation and continuous decrease
of body weight. The synergistic effect as a dual agonist may help reduce cardio-
vascular risk factors, such as high cholesterol and LDL, which may be completely in-
dependent of the effect on body weight.

Accordingly, the peptide of the present invention may be used as a pharmaceutical
drug for preventing weight increase, promoting weight decrease, reducing overweight,
and treating not only obesity including morbid obesity (e.g., via regulation of appetite,
eating, food intake, calorie intake, and/or energy consumption) but also obesity-related
diseases, including obesity-related inflammation, obesity-related gallbladder disease,
obesity-induced sleep apnea, but not limited thereto, and health conditions. Addi-
tionally, the peptide of the present invention may be used for the treatment of medical
conditions that can be associated with obesity, such as metabolic syndrome, hy-

pertension, arteriosclerosis-inducing dyslipidemia, atherosclerosis, arteriosclerosis,
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coronary artery heart disease, stroke, etc. However, regarding these symptoms, the
effect of the peptide of the present invention may be entirely or partially mediated

through the body weight-related effects or may be independent of them.

In order to improve the therapeutic effect of the glucagon derivative of the present
invention, the glucagon derivative may be modified using a conventional technique in
the art, such as a modification of polymers such as polyethylene glycol (PEG), glycan,
etc., or a fusion with albumin, transferring, fatty acid, immunoglobulin, etc. For
example, at least one amino acid side chain in the compound of the present invention
may be conjugated to a polymer in vivo so as to increase the solubility and/or half-life
and/or increase bioavailability. These modifications are known to reduce the clearance
of therapeutic proteins and peptides.

Preferably, the polymer may be water-soluble (amphipathic or hydrophilic), non-
toxic, and pharmaceutically inactive, and more preferably, may include PEG, a ho-
mopolymer or copolymer of PEG, a monomethyl-substituted polymer of PEG (mPEG),
or a poly-amino acid such as poly-lysine, poly-aspartic acid, and poly-glutamic acid.

It is obvious to those skilled in the art that the thus-modified glucagon derivatives
have a more excellent therapeutic effect than native glucagon. Accordingly, the
variants of the glucagon derivatives are also included in the scope of the present

invention.

In another aspect, the present invention provides a polynucleotide encoding the
peptide.

As used herein, the term "homology", used regarding polynucleotides, refers to a
sequence similarity with a wild type amino acid sequence and a wild type nucleotide
sequence, and includes gene sequences sharing at least 75% with the polynucleotide
sequence encoding the polypeptide, preferably at least 85%, more preferably at least
90%, and even more preferably at least 95%. These homology comparisons may be
performed by the naked eye or using a comparison program which can be easily
purchased. The computer programs available on the market can calculate the ho-
mologies between two or more sequences as a percentage. The homology (%) may be
calculated on the neighboring sequences.

The peptide may be obtained in a large amount by inserting the peptide-encoding
polynucleotide into a vector followed by its expression.

In this kind of recombinant expression, the polynucleotide of the present invention is
generally inserted into an appropriate vector, and forms a cloning or recombinant
vector possessing the polynucleotide, and the vector is also included in the scope of the

present invention.
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As used herein, the term "recombinant vector" refers to a DNA construct, which
includes the nucleotide sequence of a polynucleotide encoding the target peptide which
is operably linked to an appropriate regulatory sequence capable of expressing the
target peptide in a suitable host cell. The regulatory sequence may include a promoter
capable of initiating transcription, an operator sequence for regulating the transcription,
a sequence encoding an appropriate mRNA ribosome-binding domain, and a sequence
for regulating the termination of transcription and translation. The recombinant vector,
once transformed into a suitable host cell, can replicate or function irrespective of the
host genome, and may be integrated into the genome itself.

The recombinant vector to be used in the present invention is not particularly limited,
as long as it is replicable in a host cell, and may be constructed using any vector known
in the art. Examples of the conventional vectors to be used may include wild type or
recombinant plasmids, cosmids, viruses, and bacteriophages. For example, as a phage
vector or cosmid vector, pWEI5, M13, MBL3, MBLA, IXII, ASHII, APII, t10, t11,
Charon4A, Charon2liA, etc., may be used. As a plasmid vector, a pBR-based, a pUC -
based, a pBluescriptll-based, a pGEM-based, a pTZ-based, pCL-based, and a pET -
based plasmid may be used. The vectors to be used in the present invention are not par-
ticularly limited, but any vector known in the art may be used.

The recombinant vector may be used for the transformation of a host cell in order to
produce the peptide of the present invention. Additionally, as part of the present
invention, the transformed cell may be used for the amplification of nucleic acid
fragments or replication of vectors of the present invention, or a cultured cell or cell
line used for the recombinant production of the peptide of the present invention.

As used herein, the term "transformation" refers to introduction of a recombinant
vector including a polynucleotide encoding the target protein into a host cell so that the
target protein encoded by the polynucleotide can be expressed in the host cell. It does
not matter whether the polynucleotide is inserted to be positioned within the
chromosome or outside the chromosome, as long as the transformed polynucleotide
can be expressed in the host cell.

Additionally, the polynucleotide includes DNA and RNA, which encode the target
protein. The polynucleotide may be introduced in any form, as long as the polynu-
cleotide can be expressed after being introduced into a host cell. For example, the
polynucleotide may be introduced into a host cell in the form of an expression cassette,
which is a genomic structure including all essential features required for self-
expression. The expression cassette may generally include a promoter, which is
operably linked to the polynucleotide, a transcription termination signal, a ribosome-
binding domain, and a translation termination signal. The expression cassette may be a

self-replicable expression vector. Additionally, the polynucleotide itself may be
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inserted into a host cell and operably linked to a sequence necessary for its expression
in the host cell, but is not limited thereto.

Additionally, as used herein, the term "operably linked" refers to a state, in which a
promoter sequence, which initiates and mediates transcription of the target protein-
encoding polynucleotide, is functionally linked to the gene sequence.

The host cell suitable for the present invention is not particularly limited, as long as
the host cell can express the polynucleotide of the present invention. Examples of the
host cells to be used in the present invention may include Escherichia sp. such as E.
coli; Bacillus sp. such as Bacillus subtilis; Pseudomonas sp. such as Pseudomonas
putida; yeasts such as Pichia pastoris, Saccharomyces cerevisiae, and Schizosac-
charomyces pombe; insect cells such as Spodoptera frugiperda (SF9); and animal cells
such as CHO, COS, BSC, etc.

In another aspect, the present invention provides a pharmaceutical composition for
preventing or treating obesity containing the peptide as an active ingredient.

As used herein, the term "prevention" refers to any action resulting in suppression or
delay of the onset of obesity by the administration of the peptide or the pharmaceutical
composition of the present invention, and the term "treatment" refers to any action
resulting in improvement in symptoms of obesity or the beneficial alteration by the ad-
ministration of the peptide or the pharmaceutical composition of the present invention.

As used herein, the term "administration" refers to introducing a particular substance
to a patient in an appropriate manner. The administration route of the pharmaceutical
composition of the present invention, although not particularly limited, may be any of
the common routes, as long as the pharmaceutical composition can reach the target
tissue in the body, e.g., intraperitoneally, intravenously, intramuscularly, subcu-
taneously, intradermally, orally, topically, intranasally, intrapulmonarily, intrarectally,
efc.

As used herein, the term “obesity” refers to a medical condition in which excess body
fat has accumulated in the body, and people are considered as obese when the body
mass index (BMI; a measurement obtained by dividing a person’s weight in kilograms
divided by the square of height in meters) is 25 or higher. Obesity is generally induced
by energy imbalance due to calorie intake being higher than energy consumption.
Obesity is a metabolic disease, which can induce diabetes and hyperlipidemia, increase
the risk of sexual dysfunction, arthritis, and cardiovascular disease, and in some cases,
is also associated with the occurrence of cancer.

The pharmaceutical composition of the present invention may include a pharma-
ceutically acceptable carrier, excipient, or diluent.

As used herein, the term "pharmaceutically acceptable” refers to a sufficient amount,
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which can exhibit a therapeutic effect but does not incur any adverse reactions, and
may be easily determined by those skilled in the art according to factors known in the
medicinal field, such as the type of diseases to be treated, the patient's age, weight,
gender, sensitivity to drugs, administration routes, number of administration, drug(s) to
be combined or concurrently used, etc.

The pharmaceutical composition of the present invention may further include a phar-
maceutically acceptable carrier. For oral administration, the pharmaceutically ac-
ceptable carrier may include, although is not limited to, a binder, a lubricant, a disin-
tegrator, an excipient, a solubilizer, a dispersing agent, a stabilizer, a suspending agent,
a coloring agent, and a perfume. For injectable administration, a buffering agent, a
preserving agent, an analgesic, a solubilizer, an isotonic agent, and a stabilizer may be
mixed for use. For topical administration, the pharmaceutically acceptable carrier may
include a base, an excipient, a lubricant, a preserving agent, etc.

The pharmaceutical composition of the present invention may be formulated into
various dosage forms in combination with the pharmaceutically acceptable carrier. For
example, for oral administration, the pharmaceutical composition may be formulated
into tablets, troches, capsules, elixirs, suspensions, syrups, wafers, etc. For injectable
administration, the pharmaceutical composition may be formulated into an ampoule as
a unit dosage form or a multi-dose administration. The pharmaceutical composition
may be also formulated into solutions, suspensions, tablets, pills, capsules, and long-
acting preparations.

On the other hand, examples of the carrier, excipient, and diluent suitable for the
pharmaceutical composition of the present invention may include lactose, dextrose,
sucrose, sorbitol, mannitol, xylitol, erythritol, maltitol, starch, acacia rubber, alginate,
gelatin, calcium phosphate, calcium silicate, cellulose, methylcellulose, micro-
crystalline cellulose, polyvinyl pyrrolidone, water, methyl hydroxybenzoate, propyl
hydroxybenzoate, talc, magnesium stearate, mineral oils, etc. In addition, the pharma-
ceutical composition of the present invention may further include fillers, anti-
coagulating agents, lubricants, humectants, perfumes, antiseptics, etc.

Additionally, the pharmaceutical composition may be formulated into one selected
from the group consisting of tablets, pills, powders, granules, capsules, suspensions,
liquid medicine for internal use, emulsions, syrups, sterile aqueous solutions, non-
aqueous solvents, freeze-dried formulations, and suppositories.

Additionally, the pharmaceutical composition may be formulated into a suitable for-
mulation for unit administration into a patient's body according to the conventional
method, preferably into a formulation type useful for the administration of a peptide
drug, and administered orally or parenterally via a subcutaneous, intravenous, intra-

muscular, intraarterial, intermedullary, intrathecal, intraventricular, intrapulmonary, in-
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tradermal, subcutaneous, intraperitoneal, intranasal, intragastric, local, sublingual, in-
travaginal, or intrarectal route according to the conventional method, but is not limited
thereto.

Additionally, the peptide may be used by mixing with various carriers, such as a
saline solution or an organic solvent, which are accepted as pharmaceutical drugs. For
increasing stability or absorbency, the peptide may be used along with carbohydrates
such as glucose, sucrose or dextran, or antioxidants such as glutathione, chelating
agents, low molecular weight proteins, or other stabilizers, etc.

The amount and number of administration of the pharmaceutical composition of the
present invention may be determined according to the types of drugs as active in-
gredients, along with other factors such as the diseases to be treated, administration
routes, the patient's age, gender, weight, severity of the illness, etc.

The total effective dose of the composition of the present invention may be ad-
ministered to a patient as a single dose, or as a multiple dose for a long-term period
according to the fractionated treatment protocol. The pharmaceutical composition of
the present invention may have a different content of the active ingredient according to
the severity of the disease. Preferably, the total dose of the peptide of the present
invention may be about 0.0001 pg to 500 mg per 1 kg of the patient's body weight.
However, regarding the dose of the peptide, the effective dose is determined con-
sidering various factors such as the patient’s age, weight, health conditions, gender,
severity of illness, diet and excretion rate, etc., those skilled in the art can determine
the appropriate effective dose according to the particular use of the composition of the
present invention.

The formulations, administration routes, and administration methods of the pharma-
ceutical composition of the present invention may not be particularly limited, as long
as the pharmaceutical composition can show the effect of the present invention.

Since the pharmaceutical composition of the present invention has an excellent in
vivo duration and titer, the number and frequency of administration of the pharma-
ceutical composition of the present invention may be significantly reduced.

The pharmaceutical composition may be administered alone or in combination with
other pharmaceutical formulations exhibiting an effect of preventing or treating
obesity. The pharmaceutical formulation exhibiting an effect of preventing or treating
obesity may include, although is not particularly limited to, a GLP-1 receptor agonist, a
leptin receptor agonist, a DPP-1V inhibitor, a Y5 receptor antagonist, a melanin-
concentrating hormone (MCH) receptor antagonist, a Y2/3 receptor agonist, an MC3/4
receptor agonist, a gastric/pancreatic lipase inhibitor, a SHT2c agonist, a 3A receptor
agonist, an amylin receptor agonist, a ghrelin antagonist, and/or a ghrelin receptor an-

tagonist, etc.
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[135] In another aspect, the present invention provides a method for preventing or treating

[136]

[137]

[138]
[139]

[140]

[141]

[142]
[143]
[144]
[145]
[146]

obesity including administering the peptide or a pharmaceutical composition
containing the peptide to a subject.

As used herein, the term "subject"” refers to a subject suspected of having obesity or
being at risk for having obesity, and specifically, referring to mammals, including
humans, rats, and cattle, but the subject may be any subject that can be treated by the
peptide of the present invention, without limitation. The administration of a pharma-
ceutical composition containing the peptide of the present invention can effectively
treat a subject suspected of having obesity, and the obesity is the same as described
above.

The therapeutic method of the present invention may include administering a phar-
maceutically effective amount of the pharmaceutical composition containing the
peptide. The total daily dose of the composition can be determined through appropriate
medical judgment by a physician, and the composition may be administered once or in
a few divided doses. However, in view of the purpose of the present invention, the
specific therapeutically effective dose of the composition for any particular patient
may vary depending on various factors well known in the medical field, including the
kind and degree of responses to be achieved, specific compositions according to
whether or not other agents are used therewith, the patient's age, body weight, health
conditions, gender and diet, time and route of administration, the discharge rate of the
composition, the duration of treatment, other drugs used in combination or con-
currently with the composition of the present invention, and other factors known in the

medical field.

In still another aspect, the present invention provides a use of the peptide, in

preparing a pharmaceutical drug for preventing or treating obesity.

Mode for the Invention
Hereinafter, the present invention will be described in more detail with reference to
the following Examples. However, these Examples are for illustrative purposes only,

and the invention is not intended to be limited by these Examples.

Example 1: Production of cell lines for in vivo activation

<1-1> Production of cell lines showing cAMP response to GLP-1
A PCR reaction was performed using the open reading frame (ORF) of cDNA
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(OriGene Technologies, Inc., USA) of a human GLP-1 receptor gene as a template
along with the forward and reverse primers represented by SEQ ID NOS: 15 and 16,
which include the restriction sites for HindlIll and EcoRlI, respectively.

In particular, the PCR reaction was performed (denaturing at 95°C for 60 seconds,
annealing at 55°C for 60 seconds, and elongation at 68°C for 30 seconds) for 30
cycles. The PCR product was electrophoresed on a 1.0% agarose gel, and a 405 bp

fragment was obtained therefrom via elution.

forward primer: 5'-CCCGGCCCCCGCGGCCGCTATTCGAAATAC-3'
reverse primer: 5'-GAACGGTCCGGAGGACGTCGACTCTTAAGATAG-3'

The PCR product was cloned into a known animal cell expression vector, x0GC/dhfr
(Korea Patent No. 10-0880509, the same herein after), to construct a recombinant
vector, xXOGC/GLPIR.

The thus-constructed recombinant vector, xOGC/GLPIR, was transformed into cells
of the Chinese hamster ovary cell line CHO DG44, which were cultured ina DMEM/
F12 medium containing 10% FBS, using Lipofectamine (Invitrogene, USA), and
selected and cultured in a selective medium containing G418 (1 mg/mL.) and
methotraxate (10 nM). Monoclone cell lines were selected therefrom, and among them,
the cell lines showing excellent cAMP responses to GLP-1 in a dose-dependent

manner were finally selected.

<1-2> Production of cell lines showing cAMP response to glucagon

A PCR reaction was performed using the open reading frame (ORF) of cDNA
(OriGene Technologies, Inc., USA) of a human glucagon receptor gene as a template
along with the forward and reverse primers represented by SEQ ID NOS: 17 and 18,
which include the restriction sites for EcoRI and Xhol, respectively.

In particular, the PCR reaction was performed (denaturing at 95°C for 60 seconds,
annealing at 55°C for 60 seconds, and elongation at 68°C for 30 seconds) for 30
cycles. The PCR product was electrophoresed on a 1.0% agarose gel, and a 435 bp

fragment was obtained therefrom via elution.

forward primer: 5'-CAGCGACACCGACCGTCCCCCCGTACTTAAGGCC-3'
reverse primer: 5'-CTAACCGACTCTCGGGGAAGACTGAGCTCGCC-3'

The PCR product was cloned into the known animal cell expression vector,
x0GC/dhfr, to construct a recombinant vector, xXOGC/GCCR.

The thus-constructed recombinant vector, xO0GC/GCCR, was transformed into cells
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[170]
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of the Chinese hamster ovary cell line CHO DG44, which were cultured in a DMEM/
F12 medium containing 10% FBS, using Lipofectamine (Invitrogene, USA), and
selected and cultured in a selective medium containing G418 (1 mg/mL) and
methotraxate (10 nM). Monoclone cell lines were selected therefrom, and among them,
the cell lines showing excellent cAMP responses to glucagon in a dose-dependent

manner were finally selected.

Example 2: Synthesis of glucagon derivatives

In order to develop a glucagon derivative having an excellent effect on both GLP-1
receptors and glucagon receptors, the amino acid sequence of native glucagon rep-
resented by SEQ ID NO: 1 was substituted with an amino acid sequence which has an
ability to bind to GLP-1 receptors, and glucagon derivatives were synthesized as

shown in Table 1 below.

[Table 1]

SEQ ID NO Amino Acid Sequence

SEQ ID NO: 1 HSQGTFTSDYSKYLDSRRAQDFVQWLMNT
SEQ ID NO: 2 HXQGTFTSDYSKYLDEKCAKEFIQWLVNT
SEQ ID NO: 3 HXQGTFTSDYSKYLDEKCVKLFIQWLVNT
SEQ ID NO: 4 HXQGTFTSDYSKYLDEKCAKEFVEWLVNT
SEQ ID NO: 5 HXQGTFTSDYSKYLDEKCAHEFVEWLVNT
SEQ ID NO: 6 HXQGTFTSDYSKYLDSKCAHEFVEWLVNT
SEQ ID NO: 7 HXQGTFTSDYSKYLDSKCVHEFIEWLKNT
SEQ ID NO: 8 HXQGTFTSDYSKYLDSKCAHEFIEWLKNK
SEQ ID NO: 9 HXQGTFTSDYSKYLDSECAHEFIEWLKQG
SEQ ID NO: 10 HXQGTFTISDYSKYLDDKCAHEFVEWLVNT
SEQ ID NO: 11 HXQGTFTSDYSKYLDEECAKEFIRWLKKG
SEQ ID NO: 12 HXQGTFTSDYSKYLCEKRAKEFVQWLMNT
SEQ ID NO: 13 HXQGTFTSDYSKYLDECRAKEFVQWLMNT
SEQ ID NO: 14 HXQGTFTSDYSKYLDEKCAKEFVQWLMNT

In Table 1 above, the amino acid indicated as "X" in the sequences of SEQ ID NOS:

2 to 14 represents o-methyl-glutamic acid, which is a non-native amino acid, and the
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lysine residue in these sequences can form a ring with glutamic acid residue.

Example 3: Measurement of in vitro activity of glucagon derivatives

In order to measure the anti-obesity activities of the glucagon derivatives synthesized
in Example 2, the in vitro cellular activities of the glucagon derivatives were measured
using the transformed cell lines prepared in Examples 1-1 and 1-2.

The transformed cell lines were prepared so that the human GLP-1 receptor gene and
the human glucagon receptor gene can be expressed in CHO, respectively, and are
suitable for measuring the activities of GLP-1 and glucagon. Accordingly, the ac-
tivities of glucagon derivatives synthesized according to the present invention were
measured using the transformed cell lines, respectively.

Specifically, the transformed cell lines were subcultured two or three times per each
week, aliquoted into a 96-well plate with 1x10° cells/well, and cultured for 24 hours,
respectively.

The cultured cells were washed with Krebs-Ringer Bicarbonate (KRB) buffer
solution, suspended in 40 mL of KRB buffer solution containing 1 mM
3-isobutyl-1-methylxanthine (IBMX), and placed at room temperature for 5 minutes.

The native glucagon (SEQ ID NO: 1) or glucagon derivatives (representatively,
peptides of SEQ ID NOS: 12 to 14) according to the present invention were subjected
to serial dilution at 5-fold intervals ranging from 1000 nM to 0.02 nM, 40 mL of the
above cells were added thereto, and cultured in a CO, incubator at 37°C for 1 hour.

Then, 20 mL of cell lysis buffer was added to the respective resultants, and the cell
lysates were applied to a cAMP assay kit (Molecular Device, USA) to measure cAMP
concentration, and ECs, values were calculated and compared therebetween. The

results are shown in Table 2 below.

[Table 2]
Test Material ECsy (nM)

hGLP-IR hGCGR
GLP-1 0.36 >1,000
glucagon >1,000 1.48
SEQ ID NO: 12 0.96 1.38
SEQ ID NO: 13 0.27 0.23
SEQ ID NO: 14 0.17 0.38
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[184] As shown in Table 2 above, the glucagon derivatives according to the present

[185]

[186]
[187]

invention showed excellent effects on both GLP-1 receptors and glucagon receptors,
compared to the native glucagon represented by SEQ ID NO: 1.

Glucagon is known to have an obesity treatment effect by activating GLP-1 receptors
and glucagon receptors, thereby suppressing appetite, improving satiety, and
promoting fat cell lysis. Since the glucagon derivatives according to the present
invention are now shown to have excellent in vitro effects on both GLP-1 receptors
and glucagon receptors, compared to the native glucagon, these glucagon derivatives

can be used as a more effective agent for treating obesity than the existing glucagon.

Although the preferred embodiments of the present invention have been disclosed for
illustrative purposes, those skilled in the art will appreciate that various modifications,
additions and substitutions are possible, without departing from the scope and spirit of

the invention as disclosed in the accompanying claims.
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Claims

1. A peptide comprising the amino acid sequence of any one of SEQ ID NOs: 2-11, 13, or
14.

2. The peptide of claim 1, comprising the amino acid sequence of SEQ ID NO: 13.

3. The peptide of clam 1, comprising the amino acid sequence of SEQ ID NO: 14.

4. The peptide of any one of claims 1-3, wherein at least one amino acid pair at positions

12 and 16 or 16 and 20 of the peptide forms aring.

5. The peptide of any one of claims 1-4, wherein the peptide is capable of activating a
GLP-1 receptor and a glucagon receptor.

6. A pharmaceutical composition comprising the peptide of any one of claims 1-5 asan

activeingredient.

7. The pharmaceutical composition of claim 6, further comprising a pharmaceutically

acceptable carrier.

8. The peptide of any one of claims 1-5, for use in the treatment of obesity.

9. Use of the peptide of any one of claims 1-5 or the pharmaceutical composition of claim
6 or 7 in the manufacture of a medicament for the treatment of obesity wherein the medicament
isto be administered alone or in combination with pharmaceutical formulations exhibiting an

effect of treating obesity.

10. The use of claim 9, wherein the pharmaceutical formulation is a GLP-1 receptor
agonist, aleptin receptor agonist, a DPP-1V inhibitor, a Y5 receptor antagonist, a melanin-
concentrating hormone (M CH) receptor antagonist, a 'Y 2/3 receptor agonist, an M C3/4 receptor
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agonist, a gastric/pancreatic lipase inhibitor, a5HT2c agonist, a 3A receptor agonist, an amylin
receptor agonist, a ghrelin antagonist, or a ghrelin receptor antagonist.



