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GROWTH HORMONE RELEASING FACTOR (GRF) ANALOGS AND USES
THEREOF

CROSS REFERENCE TO RELATED APPLICATIONS
This application claims the benefit of U.S. provisional application serial No. 61/477,775,

filed on April 21, 2011, which Is incorporated herein by reference in its entirety.

TECHNICAL FIELD

The present invention generally relates to agonists of the growth hormone releasing
factor (GRF) receptor, and uses thereof. In particular, the present invention relates to GRF

analogs, and uses thereof.

BACKGROUND ART

Growth hormone (GH) is produced in somatotroph cells of the anterior pituitary gland of
mammals and secreted throughout life. It is mainly controlled in the brain by two hypothalamic
peptides: GRF, which stimulates its secretion and synthesis; and somatostatin, which inhibits
them. A number of peripheral factors regulate GH secretion. Among them, insulin-like growth
factor-1 (IGF-1) represents an important one as it is produced by the liver in response to GH
and acts on the hypothalamus to exert a negative feedback on GH secretion.

The decrease of GH secretion with age, demonstrated in humans and animals, favors
a metabolic shift towards catabolism which Initiates or participates in the aging of an organism.
Loss of muscle mass, accumulation of adipose tissue, bone demineralization, and loss of tissue
regeneration capacity after injury, which are observed in the elderly, correlate with the decrease
In the secretion of GH.

GH Is thus a physiological anabolic agent that is involved in the linear growth of
children and which controls protein metabolism in adults.

GRF (also referred to as GH releasing hormone or GHRH) is a 44 amino acid peptide
secreted by the hypothalamus that regulates the expression, synthesis and release of GH from
the somatotroph cells of the anterior pituitary (Fronman LA et al. Endocrine Reviews 1986, 7.
223-253). A peptide consisting of the first 29 amino acids of human GRF (hGRF .9,
sermorelin) retains the biological activity of the full-length peptide (Lance, V.A. et al.,
Biochemical and Biophysical Research Communications 1984, 119: 265-2/72) and has been
used clinically for the treatment of GH deficiency in children (Thorner, M. et al., Journal of
Clinical Endocrinology and Metabolism 1996, 81. 1189-1196). More recently, the potential of
GRF to reverse the age-related decline Iin the function of the somatotrophic GH-insulin-like

growth factor (IGF)-1 axis has been evaluated (Khorram, O. et al., Clinical Obstetrics and
Gynecology 2001, 44: 893-901).
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A pharmaceutical preparation of hGRF 129 has been available for clinical use (Geref®,
Laboratoires Serono S.A.). However, its pharmacological value is limited by its short half-life
(approximately 12 min. following intravenous injection in humans), mainly due its susceptibility
to rapid enzymatic degradation (Frohman, L.A. ef al., Journal of Clinical Investigation 1986, 78:
906-913).

There Is thus a need for the development of novel GRF analogs exhibiting agonist
properties toward the GRF receptor or GHRH receptor (GHRHT).

The present description refers to a number of documents, the content of which is

herein incorporated by reference in their entirety.

SUMMARY OF THE INVENTION

The present invention relates to GRF analogs, and uses thereof.
In a first aspect, the present invention provides a growth hormone releasing factor

(GRF) analog comprising a domain of formula (l) (SEQ ID NO: 1):

X1-X2-Asp-Ala-lle-Phe-Thr-X8-X9-Tyr-X11-X12-X13-Leu-X15-GIn-Leu-X18-X19-Arg-
GIN-X22-X23-X24-X25-X26-X27-X28-X29-X30-X31-X32-X33 (1)
wherein:

X1 1s Tyr or His;

X2 1s Ala, D-Ala, Ser, Leu, a-aminoisobutyric acid (Aib), Val or Gly;

X8 Is Asn, Asp, Ala, GIn, Ser or Alb;

X9 Is Ser, Asp or Ala;

X11 is Arg or L-Homoarginine,;

X12 i1s Lys, L-Ornithine or L-Homoarginine;

X13 1s Val or lle;

X15 is Gly or Ala;

X18 is Lys, L-Ornithine, L-2,4-diaminobutyric acid, L-2,3-diaminopropionic acid or Ser;

X19 is Ala or Leu

X22 1s Asp or Glu;

X23 1s lle or Leu;

X24 1s Met, lle, Nle or Leu;

X25 Is Ser, Asn, Alb or Ala;

X26 is Arg, D-Arg, L-Homoarginine or Lys;

X27 1S Ala or is absent;

X28 is Ala or Is absent;

X29 is Arg or Is absent;

X30 is Ala or is absent;
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X31 1s Ala or is absent;

X32 1s Arg or Is absent;

X33 Is HoSer or is absent;
and wherein If X18 is Ser, X27 to X32 or X27 to X33 are present,
or a pharmaceutically acceptable salt thereof.

In an embodiment, X1 is Tyr.

In an embodiment, X2 i1s Ala or D-Ala.

In an embodiment, X8 is Ala or Asp, In a further embodiment Asp.

In an embodiment, X9 Is Ser.

In an embodiment, X11 is Arg.

In an embodiment, X12 is Lys or L-Homoarginine, in a further embodiment Lys.

In an embodiment, X15 is Ala.

In an embodiment, X18 is L-Ornithine or Lys, in a further embodiment Lys.

In an embodiment, X22 is Asp.

In an embodiment, X23 is lle.

In an embodiment, X24 is Leu.

In an embodiment, X25 is Ala or Ser, in a further embodiment Ala.

In an embodiment, X26 is Arg or D-Arg, in a further embodiment Arg.

In an embodiment, X27 is Ala.

In an embodiment, X28 is Ala.

In an embodiment, X29 is Arg.

In an embodiment, X30 is Ala.

In an embodiment, X31 is Ala.

In an embodiment, X32 is Arg.

In an embodiment X33 Is HoSer.

In another embodiment, at least one of X27 to X33 is/are absent. In a further

embodiment, X27 to X33 are absent.

In an embodiment, the above-mentioned domain is:
Y-A-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-K-A-R-Q-D-I-L-A-R (SEQ ID NO: 2);
Y-a-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-K-A-R-Q-D-I-L-S-r (SEQ ID NO: 3);
Y-a-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-K-A-R-Q-D-I-L-aib-R (SEQ ID NO: 4);
Y-a-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-O-A-R-Q-D-I-L-S-r (SEQ ID NO: 5);
Y-A-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-O-A-R-Q-D-I-L-S-r (SEQ ID NO: 6);
Y-a-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-K-A-R-Q-D-L-L-S-r (SEQ ID NO: 7);
Y-A-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-K-A-R-Q-D-I-L-A-R-A-A-R (SEQ ID NO: 8);
Y-A-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-S-A-R-Q-D-|-L-A-R-A-A-R-A-A-R  (SEQ ID
NO: 9);
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Y-a-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-K-A-R-Q-D-I-L-A-R-A-A-R-A-A-R  (SEQ ID

NO: 10);
Y-a-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-K-L-R-Q-D-I-L-A-R-A-A-R-A-A-R  (SEQ ID
NO: 11);
Y-a-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-K-A-R-Q-D-L-L-A-R-A-A-R-A-A-R (SEQ ID
NO: 12);
Y-A-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-K-A-R-Q-D-I-L-A-R-A-A-R-A-A-R (SEQ ID
NO: 13);
Y-A-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-K-A-R-Q-D-L-L-A-R-A-A-R-A-A-R (SEQ ID
NO: 14);
Y-S-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-K-A-R-Q-D-I-L-A-R-A-A-R-A-A-R  (SEQ ID
NO: 15);
Y-G-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-K-A-R-Q-D-|-L-A-R-A-A-R-A-A-R (SEQ ID
NO: 16);
Y-L-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-K-A-R-Q-D-I-L-A-R-A-A-R-A-A-R  (SEQ ID
NO: 17);

Y-G-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-K-A-R-Q-D-I-L-A-R-A-A-R-A-A-R-HoSer
(SEQ ID NO: 18);
Y-a-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-K-A-R-Q-D-I-L-A-R-A-A-R-A-A-R-HoSer
(SEQ ID NO: 19);
wherein a = D-Ala, O= L-Ornithine, Aib = a-aminoisobutyric acid, HoSer = L-homoserine and r
= D-Arg.

In an embodiment, the above-mentioned GRF analog further comprises (i) an amino-
terminal modifying group; (ii) a carboxy-terminal modifying group; or (iii) both (i) and (ii).

In a further embodiment, the above-mentioned amino-terminal modifying group Is a
linear or branched saturated C+-Cgs acyl group or unsaturated Cs-Cg acyl group. In yet a further
embodiment, the above-mentioned amino-terminal modifying group is an acetyl group (Ac). In
another embodiment, the above-mentioned amino-terminal modifying group Is a {frans-3-
hexenoyl group.

In a further embodiment, the above-mentioned carboxy-terminal modifying group Is
NH-.

In embodiments, the above-mentioned GRF analog is:

Trans-3-hexenoyl-Y-A-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-K-A-R-Q-D-I-L-A-R-NH>
(SEQ ID NO: 20);

Y-a-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-K-A-R-Q-D-I-L-S-r-NH, (SEQ ID NO: 21);
Y-a-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-K-A-R-Q-D-I-L-aib-R-NH, (SEQ ID NO: 22);
Y-a-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-O-A-R-Q-D-I-L-S-r-NH» (SEQ ID NO: 23);
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Trans-3-hexenoyl-Y-A-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-O-A-R-Q-D-I-L-S-r-NH-
(SEQ ID NO: 24);
Y-a-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-K-A-R-Q-D-L-L-S-r-NH, (SEQ ID NO: 25);
Trans-3-hexenoyl-Y-A-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-K-A-R-Q-D-I-L-A-R-A-A-
R-NH, (SEQ ID NO: 26);
Trans-3-hexenoyl-Y-A-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-S-A-R-Q-D-I-L-A-R-A-A-
R-A-A-R-NH, (SEQ ID NO: 27);
Y-a-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-K-A-R-Q-D-I-L-A-R-A-A-R-A-A-R-NH, (SEQ
ID NO: 28);
Y-a-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-K-L-R-Q-D-I-L-A-R-A-A-R-A-A-R-NH, (SEQ
ID NO: 29);
Y-a-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-K-A-R-Q-D-L-L-A-R-A-A-R-A-A-R-NH>
(SEQ ID NO: 30);
Trans-3-hexenoyl-Y-A-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-K-A-R-Q-D-I-L-A-R-A-A-
R-A-A-R-NH, (SEQ ID NO: 31);
Trans-3-hexenoyl-Y-A-D-A-I-F-T-D-&-Y-R-K-V-L-A-Q-L-K-A-R-Q-D-L-L-A-R-A-A-
R-A-A-R-NH, (SEQ ID NO: 32);
Y-S-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-K-A-R-Q-D-I-L-A-R-A-A-R-A-A-R-NH> (SEQ
ID NO: 33);
Y-G-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-K-A-R-Q-D-I-L-A-R-A-A-R-A-A-R-NH>
(SEQ ID NO: 34);
Y-L-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-K-A-R-Q-D-I-L-A-R-A-A-R-A-A-R-NH, (SEQ
ID NO: 35);
Y-G-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-K-A-R-Q-D-I-L-A-R-A-A-R-A-A-R-HoSer-
NH, (SEQ ID NO: 36); or
Y-a-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-K-A-R-Q-D-I-L-A-R-A-A-R-A-A-R-HoSer-
NH>
(SEQ ID NO: 37);
wherein a = D-Ala, O= L-Ornithine, Aib = a-aminoisobutyric acid, and r = D-Arg.
In a further embodiment, the above-mentioned GRF analog is Y-a-D-A-I-F-T-D-S-Y-R-
K-V-L-A-Q-L-K-A-R-Q-D-I-L-A-R-A-A-R-A-A-R-NH, (SEQ ID NO: 28).
In another further embodiment, the above-mentioned GRF analog is Y-a-D-A-I-F-T-D-
S-Y-R-K-V-L-A-Q-L-K-L-R-Q-D-I-L-A-R-A-A-R-A-A-R-NH, (SEQ ID NO: 29).
In another further embodiment, the above-mentioned GRF analog is Y-a-D-A-I-F-T-D-
S-Y-R-K-V-L-A-Q-L-K-A-R-Q-D-L-L-A-R-A-A-R-A-A-R-NH, (SEQ ID NO: 30).
In another further embodiment, the above-mentioned GRF analog is frans-3-hexenoyl-
Y-A-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-K-A-R-Q-D-|-L-A-R-A-A-R-A-A-R-NH, (SEQ ID NO: 31).
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In another further embodiment, the above-mentioned GRF analog is frans-3-hexenoyl-
Y-A-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-K-A-R-Q-D-L-L-A-R-A-A-R-A-A-R-NH, (SEQ ID NO: 32).

In another aspect, the present invention provides a pharmaceutical composition
comprising the above-mentioned GRF analog.

In an embodiment, the above-mentioned pharmaceutical composition further comprises
one or more pharmaceutically acceptable carriers, excipients, and/or diluents.

In an aspect, the present invention provides a method for inducing growth hormone
secretion in a subject in need thereof, saild method comprising administering to said subject an
effective amount of the above-mentioned GRF analog or pharmaceutical composition.

In another aspect, the present invention provides a use of the above-mentioned GRF
analog or pharmaceutical composition, for inducing growth hormone secretion in a subject.

In another aspect, the present invention provides a use of the above-mentioned GRF
analog or pharmaceutical composition, for the preparation of a medicament for inducing growth
hormone secretion in a subject.

In another aspect, the present invention provides the above-mentioned GRF analog or
pharmaceutical composition, for the preparation of a medicament for inducing growth hormone
secretion in a subject.

In another aspect, the present invention provides the above-mentioned GRF analog or
pharmaceutical composition, for inducing growth hormone secretion in a subject.

In another aspect, the present invention provides a use of the above-mentioned GRF
analog or pharmaceutical composition, as a medicament.

In another aspect, the present invention provides the above-mentioned GRF analog or
pharmaceutical composition, for use as a medicament.

In an embodiment, the above-mentioned GRF analog is administered or is adapted for
administration at a daily dose of about 0.1 mg to about 20 mg.

In embodiments, the above-mentioned GRF analog is administered, or is adapted for
administration, intravenously, orally, transdermally, subcutaneously, mucosally, intramuscularly,
iIntranasally, intrapulmonary, parenterally, intrarectally or topically, in further embodiments
subcutaneously or transdermally.

Other objects, advantages and features of the present invention will become more
apparent upon reading of the following non-restrictive description of specific embodiments

thereof.

DISCLOSURE OF INVENTION

The present inventors have discovered novel GRF analogs that exhibit an agonistic
activity on cells expressing the GHRHr, and induce GH secretion in animal models.

Native human GRF Is a peptide of 44 amino acids having the following structure:
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Tyr-Ala-Asp-Ala-lle-Phe-Thr-Asn-Ser-Tyr-Arg-Lys-Val-Leu-Gly-GlIn-Leu-Ser-Ala-Arg-Lys-Leu-
Leu-GlIn-Asp-lle-Met-Ser-Arg-Gin-Gln-Gly-Glu-Ser-Asn-GIn-Glu-Arg-Gly-Ala-Arg-Ala-Arg-Leu
(SEQ ID NO:38)

The 29 amino acid N-terminal fragment of GRF (.44, known as GRF .29, has been
shown to exhibit biological activity and potency that is similar to GRF1.44). GRF(129) has the
following sequence:
Tyr-Ala-Asp-Ala-lle-Phe-Thr-Asn-Ser-Tyr-Arg-Lys-Val-Leu-Gly-GlIn-Leu-Ser-Ala-Arg-Lys-Leu-
Leu-GIn-Asp-lle-Met-Ser-Arg (SEQ ID NO:39).

Intermediates forms (in length) between GRF 129 and GRF.44), 1.€., having the
sequence of GRF 109 at the C-terminus of which 1-14 amino acids are added which correspond
to residues 30-43 of native human GRF (or other residues), also possess GRF activity. Further,
certain GRF variants having one or more amino acid substitutions in the native sequence are
known to possess GRF activity.

The GRF analogs of the present invention are variants of GRF and active fragments
and/or variants thereof, comprising a 3 amino acid residue deletion at positions corresponding
to residues 21 to 23 (Lys-Leu-Leu underlined in the sequences depicted above) of the native
human GRF .44, its N-terminal fragment GRF 1.o9), Or the intermediate forms noted above. The
GRF analog of the invention may further comprise an alteration of the serine corresponding to
position 18 (in italics in the sequences depicted above), preferably a substitution with Lys, L-
Ornithine, L-2,4-diaminobutyric acid or L-2,3-diaminopropionic acid, of the native human GRF .
aq), Its N-terminal fragment GRF 129, or the intermediate forms noted above. These GRF
analogs exhibit agonistic activity on cells expressing the GHRHr, and induce GH secretion In
animal models.

The terms "GRF analog®, "GRF receptor agonist”, "GRF peptide”, "GRF peptide
compound” or “peptide compound” are used Interchangeably herein to refer to the compounds
of the present invention that exhibit an agonistic activity on cells expressing the GHRHr and
iInduce GH secretion in animal models, which are described in further detail below.

The terms "GRF" (growth hormone-releasing factor) and "GHRH" (growth hormone-
releasing hormone) are used interchangeably herein. Similarly, the terms "GRF receptor’,
"GRFr’, "GHRH receptor’ and "GHRHr" are used interchangeably herein.

The present invention provides a growth hormone releasing factor (GRF) analog

comprising a domain of formula (I) (SEQ ID NO: 1):

X1-X2-Asp-Ala-lle-Phe-Thr-X8-X9-Tyr-X11-X12-X13-Leu-X15-GIn-Leu-X18-X19-Arg-
GIN-X22-X23-X24-X25-X26-X27-X28-X29-X30-X31-X32-X33 (1)
wherein:

X1 is Tyr or His;
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X2 i1s Ala, D-Ala, Ser, Leu, a-aminoisobutyric acid (Aib), Val or Gly;
X8 Is Asn, Asp, Ala, GIn, Ser or Alb;
X9 Is Ser, Asp or Ala;
X11is Arg or L-Homoarginine;
5 X12 i1s Lys, L-Ornithine or L-Homoarginine;
X13 1s Val or lle;
X15 1s Gly or Ala;
X18 is Lys, L-Ornithine, L-2,4-diaminobutyric acid, L-2,3-diaminopropionic acid or Ser;
X19 is Ala or Leu
10 X22 is Asp or Glu;
X23 1s lle or Leu;
X24 1s Met, lle, Nle or Leu;
X25 Is Ser, Asn, Alb or Ala;
X26 is Arg, D-Arg, L-Homoarginine or Lys;
15 X27 1s Ala or is absent;
X28 Is Ala or Is absent;
X29 is Arg or Is absent;
X30 is Ala or Is absent;
X31 i1s Ala or is absent;
20 X32 is Arg or is absent;
X33 Is HoSer or is absent;
and wherein If X18 is Ser, X27 to X32 or X27 to X33 are present,
or a pharmaceutically acceptable salt thereof.
The present invention further provides a growth hormone releasing factor (GRF) analog
25 comprising a domain of formula (1) (SEQ ID NO: 40):

X1-X2-Asp-Ala-lle-Phe-Thr-X8-X9-Tyr-X11-X12-X13-Leu-X15-GIn-Leu-X18-X19-Arg-GIn- X22-
K23-X24-X25-X26-X27-X28-X29-X30-X31-X32-X33(ll)

wherein:

X1 1s any amino acid, in an embodiment Tyr or His, in a further embodiment Tyr;

30 X2 I1s any amino acid, in an embodiment Ala, D-Ala, Ser, Leu, a-aminoisobutyric acid
(AIb), Val or Gly, In a further embodiment Ala or D-Ala;
X8 Is any amino acid, in an embodiment Asn, Asp, Ala, GIn, Ser or Aib, In a further
embodiment Ala or Asp, in a further embodiment Asp;
X9 Is any amino acid, in an embodiment Ser, Asp or Ala, in a further embodiment Ser;

35 X11 i1s any amino acid, in an embodiment Arg or L-Homoarginine, in a further

embodiment Arg;
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X12 1s any amino acid, in an embodiment Lys, L-Ornithine or L-homoarginine, in a
further embodiment Lys or L-homoarginine, in yet a further embodiment Lys;
X13 I1s any amino acid, in an embodiment Val or Ala, in a further embodiment Val,
X15 is any amino acid, in an embodiment Gly or Ala, in a further embodiment Ala;
X18 Is any amino acid, in an embodiment Lys, L-Ornithine, L-2,4-diaminobutyric acid or
L-2,3-diaminopropionic acid, in a further embodiment Lys or L-Ornithine, in yet a further
embodiment Lys;
X19 is Ala or Leu;
X22 1s any amino acid, in an embodiment Asp or Glu, in a further embodiment Asp;
X23 I1s any amino acid, in an embodiment lle or Leu, in a further embodiment lle;
X24 is any amino acid, in an embodiment Met, lle, Nle or Leu, in a further embodiment
Met or Leu, in a further embodiment Leu;
X25 Is any amino acid, in an embodiment Ser, Asn, Aib or Ala, In a further embodiment
Ala or Ser, In yet a further embodiment Ala;
X26 Is any amino acid, in an embodiment Arg, D-Arg, L-Homoarginine or Lys, In a
further embodiment Arg or D-Arg, in yet a further embodiment Arg;
X27 1s any amino acid, in an embodiment Ala, or is absent;
X28 I1s any amino acid, in an embodiment Ala, or is absent;
X29 Is any amino acid, in an embodiment Arg, or is absent;
X30 Is any amino acid, in an embodiment Ala, or Is absent;
X31 I1s any amino acid, in an embodiment Ala or Is absent;
X32 Is any amino acid, in an embodiment Arg, or is absent; and
X33 Is any amino acid, in an embodiment HoSer, or is absent;
and wherein If X18 is Ser, X27 to X32 or X27 to X33 are present,
or a pharmaceutically acceptable salt thereof.

The term "amino acid" as used herein includes both L- and D-isomers of the naturally
occurring amino acids as well as other amino acids (e.g., naturally-occurring amino acids, non-
naturally-occurring amino acids, amino acids which are not encoded by nucleic acid sequences,
etc.) used in peptide chemistry to prepare synthetic analogs of peptides. Examples of naturally-
occurring amino acids are glycine, alanine, valine, leucine, isoleucine, serine, threonine, etc.

Other amino acids include for example non-genetically encoded forms of amino acids,
as well as a conservative substitution of an L-amino acid. Naturally-occurring non-genetically
encoded amino acids include, for example, beta-alanine, 3-amino-propionic acid, 2,3-diamino
propionic acid, alpha-aminoisobutyric acid (Aib), 4-amino-butyric acid, N-methylglycine
(sarcosine), hydroxyproline, ornithine (e.g., L-ornithine), citrulline, f-butylalanine, t-butylglycine,
N-methylisoleucine, phenylglycine, cyclohexylalanine, norleucine (Nle), norvaline, 2-

napthylalanine,  pyridylalanine,  3-benzothienyl alanine, 4-chlorophenylalanine,  2-
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fluorophenylalanine, 3-fluorophenylalanine, 4-fluorophenylalanine, penicillamine, 1,2,3,4-
tetrahydro-isoquinoline-3-carboxylix acid, beta-2-thienylalanine, methionine sulfoxide, L-
homoarginine (Hoarg), N-acetyl lysine, 2-amino butyric acid, 2-amino butyric acid, 2,4.-
diaminobutyric acid (D- or L-), p-aminophenylalanine, N-methylvaline, homocysteine,
homoserine (HoSer), cysteic acid, epsilon-amino hexanoic acid, delta-amino valeric acid, or 2,3-
diaminobutyric acid (D- or L-), etc. These amino acids are well known In the art of
biochemistry/peptide chemistry.

In embodiments, domains or GRF analogs of the present Iinvention include
polypeptides with altered sequences containing substitutions of functionally equivalent amino
acid residues, relative to the above-mentioned domains or GRF analogs. For example, one or
more amino acid residues within the sequence can be substituted by another amino acid of a
similar polarity (having similar physico-chemical properties) which acts as a functional
equivalent, resulting in a silent alteration. Substitution for an amino acid within the sequence
may be selected from other members of the class to which the amino acid belongs. For
example, positively charged (basic) amino acids include arginine, lysine and histidine (as well as
homoarginine and ornithine). Nonpolar (hydrophobic) amino acids include leucine, isoleucine,
alanine, phenylalanine, valine, proline, tryptophan and methionine. Uncharged polar amino
acids include serine, threonine, cysteine, tyrosine, asparagine and glutamine. Negatively
charged (acidic) amino acids include glutamic acid and aspartic acid. The amino acid glycine
may be included in either the nonpolar amino acid family or the uncharged (neutral) polar amino
acid family. Substitutions made within a family of amino acids are generally understood to be
conservative substitutions.

The above-mentioned domain or GRF analog may comprise all L-amino acids, all D-
amino acids or a mixture of L- and D-amino acids. In an embodiment, the above-mentioned
domain or GRF analog comprises at least one D-amino acid (e.g., 1, 2, 3, 4, 5 or more D-amino
acids). In an embodiment, the above-mentioned domain or GRF analog comprises at least one
D-Ala and/or D-Arg residue. In an embodiment, said at least one D-amino acid is located in the
N-terminal and/or C-terminal portion of the domain or GRF analog (e.q., within the last 2 or 3 N-
and/or C-terminal residues). The presence of one or more D-amino acids typically results in
peptides having Increased stability (e.g., in vivo) due to decreased susceptibility to
protease/peptidase cleavage, but which retain biological activity.

In embodiments, the above-mentioned GRF analog is in the form of a salt, e.qg., a
pharmaceutically acceptable salt. As used herein the term "pharmaceutically acceptable salt”
refers to salts of compounds that retain the biological activity of the parent compound, and
which are not biologically or otherwise undesirable. Such salts can be prepared in situ during
the final isolation and purification of the analog, or may be prepared separately by reacting a

free base function with a suitable acid. Many of the GRF analogs disclosed herein are capable
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of forming acid and/or base salts by virtue of the presence of amino and/or carboxyl groups or
groups similar thereto.

Pharmaceutically acceptable acid addition salts may be prepared from inorganic and
organic acids. Representative acid addition salts include, but are not limited to acetate, adipate,
alginate, citrate, aspartate, benzoate, benzenesulfonate, bisulfate, butyrate, camphorate,
camphor sulfonate, decanoate, digluconate, glycerophosphate, hemisulfate, heptanoate,
hexanoate, fumarate, hydrochloride, hydrobromide, hydroiodide, 2-hydroxyethansulfonate
(Isothionate), lactate, maleate, methane sulfonate, nicotinate, 2-naphthalene sulfonate,
octanoate, oxalate, palmitoate, pectinate, persulfate, 3-phenylpropionate, picrate, pivalate,
propionate, succinate, tartrate, thiocyanate, phosphate, glutamate, bicarbonate, p-
toluenesulfonate, and undecanoate. Salts derived from inorganic acids include hydrochloric
acid, hydrobromic acid, sulfuric acid, nitric acid, phosphoric acid, and the like. Salts derived from
organic acids include acetic acid, propionic acid, glycolic acid, pyruvic acid, oxalic acid, malic
acid, malonic acid, succinic acid, maleic acid, fumaric acid, tartaric acid, citric acid, benzoic acid,
cinnamic acid, mandelic acid, methanesulfonic acid, ethanesulfonic acid, p-toluene-sulfonic
acid, salicylic acid, and the like. Examples of acids which can be employed to form
pharmaceutically acceptable acid addition salts include, for example, an inorganic acid, e.q.,
hydrochloric acid, hydrobromic acid, sulphuric acid, and phosphoric acid, and an organic acid,
e.q., oxalic acid, maleic acid, succinic acid, and citric acid.

Basic addition salts also can be prepared by reacting a carboxylic acid-containing
moiety with a suitable base such as the hydroxide, carbonate, or bicarbonate of a
pharmaceutically acceptable metal cation or with ammonia or an organic primary, secondary, or
tertiary amine. Pharmaceutically acceptable salts include, but are not limited to, cations based
on alkali metals or alkaline earth metals such as lithium, sodium, potassium, calcium,
magnesium, and aluminum salts, and the like, and nontoxic quaternary ammonia and amine
cations including ammonium, tetramethylammonium, tetraethylammonium, methylammonium,
dimethylammonium, trimethylammonium, triethylammonium, diethylammonium, and
ethylammonium, amongst others. Other representative organic amines useful for the formation
of base addition salts include, for example, ethylenediamine, ethanolamine, diethanolamine,
piperidine, piperazine, and the like. Salts derived from organic bases include, but are not limited
to, salts of primary, secondary and tertiary amines.

In an embodiment, in formula (I) and/or (ll), X30 to X32 are absent. In another
embodiment, X30 to X33 are absent.

In an embodiment, in formula (1) and/or (lI), X27 to X29 are as follows: Ala-Ala-Arg.

In another embodiment, In formula (I) and/or (II), X27 to X32 are absent. In another
embodiment, X27 to X33 are absent.
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In another embodiment, in formula (I) and/or (Il), X18 is Lys and X27 to X29, X27 to
X32 or X27 1o X33 are present. In an embodiment, X27 to X32 are as follows: Ala-Ala-Arg-Ala-
Ala-Arg (SEQ ID NO: 41). In an embodiment, X27 to X33 are as follows: Ala-Ala-Arg-Ala-Ala-
Arg-HoSer (SEQ ID NO: 42).

In an embodiment, the above-mentioned GRF analog comprises one domain of
formula | or |l as defined above. In an embodiment, the above-mentioned GRF analog
comprises two or more (e.q., 2, 3, 4 or 5) domains of formula | or Il as defined above.

In embodiments, the above-mentioned GRF analog may comprise, further to the
domain of formula | or |l defined above, one more amino acids (naturally occurring or synthetic)
covalently linked to the amino- and/or carboxy-termini of said domain. In an embodiment, the
above-mentioned GRF analog comprises up to 25 additional amino acids at the N- and/or C-
termini to the domain of formula (l) or (Il) defined above. In further embodiments, the above-
mentioned GRF analog comprises up to 20, 19, 18, 17, 16, 15, 14, 13, 12, 11, 10, 9, 8, 7, 6, 5,
4, 3, 2, or 1 additional amino acids at the N- and/or C-termini of the domain of formula (I) or (ll)
defined above. In an embodiment, the above-mentioned domain or GRF analog contains about
100 residues or less, In further embodiments about 90, 80, 70, 60, 50, 40 or 35 residues or less.
In an embodiment, the above-mentioned domain or GRF analog contains between about 26
residues to about 100 residues. In a further embodiment, the above-mentioned domain or GRF
analog contains between about 26 residues to about 50 residues. In a further embodiment, the
above-mentioned GRF analog contains between about 26 residues to about 45 residues. In a
further embodiment, the above-mentioned GRF analog contains between about 26 residues to
about 40 residues. In a further embodiment, the above-mentioned GRF analog contains about
26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38 or 39 residues.

In an embodiment, the above-mentioned domain or GRF analog is a peptidomimetic. A
peptidomimetic is typically characterised by retaining the polarity, three dimensional size and
functionality (bioactivity) of its peptide equivalent, but wherein one or more of the peptide
bonds/linkages have been replaced, often by more stable linkages. Generally, the bond which
replaces the amide bond (amide bond surrogate) conserves many or all of the properties of the
amide bond, e.g. conformation, steric bulk, electrostatic character, potential for hydrogen
bonding, etc. Typical peptide bond replacements include esters, polyamines and derivatives
thereof as well as substituted alkanes and alkenes, such as aminomethyl and ketomethylene.
For example, the above-mentioned domain or GRF analog may have one or more peptide
linkages replaced by linkages such as —-CH>NH-, —-CH»,S—-, —-CH,—~CH,—, —CH=CH- (cis or
trans), —CH,S0O-, -CH(OH)CH,—, or —COCH,—. Such peptidomimetics may have (greater
chemical stability, enhanced biological/pharmacological properties (e.q., half-life, absorption,

potency, efficiency, etc.) and/or reduced antigenicity relative its peptide equivalent.
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In embodiments, the GRF analog consists of the domain of formula (l) or (ll) defined
above.

In embodiments, the above-mentioned domain comprises one of the following
sequences:

5 Y-A-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-K-A-R-Q-D-I-L-A-R (SEQ ID NO: 2);
Y-a-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-K-A-R-Q-D-I-L-S-r (SEQ ID NO: 3);
Y-a-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-K-A-R-Q-D-I-L-aib-R (SEQ ID NO: 4);
Y-a-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-O-A-R-Q-D-I-L-S-r (SEQ ID NO: 5);
Y-A-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-O-A-R-Q-D-I-L-S-r (SEQ ID NO: 6);

10 Y-a-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-K-A-R-Q-D-L-L-S-r (SEQ ID NO: 7);
Y-A-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-K-A-R-Q-D-I-L-A-R-A-A-R (SEQ ID NO: 8);
Y-A-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-S-A-R-Q-D-I-L-A-R-A-A-R-A-A-R  (SEQ ID

NO: 9);
Y-a-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-K-A-R-Q-D-I-L-A-R-A-A-R-A-A-R  (SEQ ID
15 NO: 10);
Y-a-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-K-L-R-Q-D-I-L-A-R-A-A-R-A-A-R  (SEQ ID
NO: 11);
Y-a-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-K-A-R-Q-D-L-L-A-R-A-A-R-A-A-R (SEQ ID
NO: 12);
20 Y-A-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-K-A-R-Q-D-I-L-A-R-A-A-R-A-A-R (SEQ ID
NO: 13);
Y-A-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-K-A-R-Q-D-L-L-A-R-A-A-R-A-A-R (SEQ ID
NO: 14);

Y-S-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-K-A-R-Q-D-I-L-A-R-A-A-R-A-A-R  (SEQ ID

25 NO: 15);

Y-G-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-K-A-R-Q-D-I-L-A-R-A-A-R-A-A-R (SEQ ID
NO: 16);
Y-L-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-K-A-R-Q-D-I-L-A-R-A-A-R-A-A-R (SEQ ID
NO: 17);

30 Y-G-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-K-A-R-Q-D-|-L-A-R-A-A-R-A-A-R-HoSer
(SEQ ID NO: 18);
Y-a-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-K-A-R-Q-D-I-L-A-R-A-A-R-A-A-R-HoSer
(SEQ ID NO: 19);

wherein a = D-Ala, O= L-Ornithine, Aib = a-aminoisobutyric acid, HoSer = L-homoserine and r

35 =D-Arg.

In further embodiments, the above-mentioned domain comprises one of the following

sequences.
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Y-A-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-K-A-R-Q-D-I-L-A-R-A-A-R (SEQ ID NO: 8);

Y-A-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-S-A-R-Q-D-I-L-A-R-A-A-R-A-A-R  (SEQ

NO: 9);
Y-a-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-K-A-R-Q-D-I-L-A-R-A-A-R-A-A-R  (SEQ
NO: 10);
Y-a-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-K-L-R-Q-D-I-L-A-R-A-A-R-A-A-R  (SEQ
NO: 11); or
Y-a-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-K-A-R-Q-D-L-L-A-R-A-A-R-A-A-R  (SEQ
NO: 12);
Y-A-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-K-A-R-Q-D-I-L-A-R-A-A-R-A-A-R  (SEQ
NO: 13); or
Y-A-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-K-A-R-Q-D-L-L-A-R-A-A-R-A-A-R (SEQ
NO: 14),

wherein a = D-Ala.

In embodiments, the above-mentioned domain is (or consists of):
Y-A-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-K-A-R-Q-D-I-L-A-R (SEQ ID NO: 2);
Y-a-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-K-A-R-Q-D-I-L-S-r (SEQ ID NO: 3);
Y-a-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-K-A-R-Q-D-I|-L-aib-R (SEQ ID NO: 4);
Y-a-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-O-A-R-Q-D-I-L-S-r (SEQ ID NO: 5);
Y-A-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-O-A-R-Q-D-I-L-S-r (SEQ ID NO: 6);
Y-a-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-K-A-R-Q-D-L-L-S-r (SEQ ID NO: 7);

1D

1D

1D

Y-A-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-K-A-R-Q-D-I-L-A-R-A-A-R (SEQ ID NO: 8);

Y-A-D-A-l-F-T-D-S-Y-R-K-V-L-A-Q-L-S-A-R-Q-D-I-L-A-R-A-A-R-A-A-R  (SEQ

NO: 9);
Y-a-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-K-A-R-Q-D-I-L-A-R-A-A-R-A-A-R  (SEQ
NO: 10);
Y-a-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-K-L-R-Q-D-I-L-A-R-A-A-R-A-A-R  (SEQ
NO: 11);
Y-a-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-K-A-R-Q-D-L-L-A-R-A-A-R-A-A-R  (SEQ
NO: 12);
Y-A-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-K-A-R-Q-D-I-L-A-R-A-A-R-A-A-R  (SEQ
NO: 13);
Y-A-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-K-A-R-Q-D-L-L-A-R-A-A-R-A-A-R (SEQ
NO: 14);

Y-S-D-A-1-F-T-D-S-Y-R-K-V-L-A-Q-L-K-A-R-Q-D-I-L-A-R-A-A-R-A-A-R  (SEQ
NO: 15);

1D

1D
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Y-G-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-K-A-R-Q-D-I-L-A-R-A-A-R-A-A-R (SEQ ID
NO: 16);
Y-L-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-K-A-R-Q-D-I-L-A-R-A-A-R-A-A-R  (SEQ ID
NO: 17);
Y-G-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-K-A-R-Q-D-I-L-A-R-A-A-R-A-A-R-HoSer
(SEQ ID NO: 18);
Y-a-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-K-A-R-Q-D-I-L-A-R-A-A-R-A-A-R-HoSer
(SEQ ID NO: 19);
wherein a = D-Ala, O= L-Ornithine, Aib = a-aminoisobutyric acid, HoSer = L-homoserine and r
= D-Arg.
In further embodiments, the above-mentioned domain is (or consists of):
Y-A-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-K-A-R-Q-D-I-L-A-R-A-A-R (SEQ ID NO: 8);
Y-A-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-S-A-R-Q-D-I-L-A-R-A-A-R-A-A-R  (SEQ ID

NO: 9);

Y-a-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-K-A-R-Q-D-I-L-A-R-A-A-R-A-A-R  (SEQ ID
NO: 10);

Y-a-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-K-L-R-Q-D-I-L-A-R-A-A-R-A-A-R  (SEQ ID
NO: 11); or
Y-a-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-K-A-R-Q-D-L-L-A-R-A-A-R-A-A-R (SEQ ID
NO: 12);

Y-A-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-K-A-R-Q-D-I-L-A-R-A-A-R-A-A-R (SEQ ID
NO: 13); or
Y-A-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-K-A-R-Q-D-L-L-A-R-A-A-R-A-A-R (SEQ ID
NO: 14),

wherein a = D-Ala.

In a further embodiment, the above-mentioned domain is Y-A-D-A-I-F-T-D-S-Y-R-K-V-
L-A-Q-L-K-A-R-Q-D-I-L-A-R-A-A-R (SEQ ID NO: 8).

In a further embodiment, the above-mentioned domain is Y-A-D-A-I-F-T-D-S-Y-R-K-V-
L-A-Q-L-S-A-R-Q-D-I-L-A-R-A-A-R-A-A-R (SEQ ID NO: 9).

In a further embodiment, the above-mentioned domain is Y-a-D-A-I-F-T-D-S-Y-R-K-V-
L-A-Q-L-K-A-R-Q-D-I-L-A-R-A-A-R-A-A-R (SEQ ID NO: 10), wherein a = D-Ala.

In a further embodiment, the above-mentioned domain is Y-a-D-A-I-F-T-D-S-Y-R-K-V-
L-A-Q-L-K-L-R-Q-D-I-L-A-R-A-A-R-A-A-R (SEQ ID NO: 11), wherein a = D-Ala.

In a further embodiment, the above-mentioned domain is Y-a-D-A-I-F-T-D-S-Y-R-K-V-
L-A-Q-L-K-A-R-Q-D-L-L-A-R-A-A-R-A-A-R (SEQ ID NO: 12), wherein a = D-Ala.

In a further embodiment, the above-mentioned domain is Y-A-D-A-I-F-T-D-S-Y-R-K-V-
L-A-Q-L-K-A-R-Q-D-I-L-A-R-A-A-R-A-A-R (SEQ ID NO: 13).
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In a further embodiment, the above-mentioned domain is Y-A-D-A-I-F-T-D-S-Y-R-K-V-
L-A-Q-L-K-A-R-Q-D-L-L-A-R-A-A-R-A-A-R (SEQ ID NO: 14).

In embodiments, the N- and/or C-terminal amino acids of the above-mentioned GRF
analog or domain may be modified, for example by amidation, acetylation, acylation or any
other modifications known in the art.

Accordingly, in another aspect, the present invention provides a GRF analog of formula
(11):

Z1-X1-X2-Asp-Ala-lle-Phe-Thr-X8-X9-Tyr-X11-X12-X13-Leu-X15-GIn-Leu-X18-X19-

Arg-Gin-X22-X23-X24-X25-X26-X27-X28-X29-X30-X31-X32-X33-Z2 (111

or

Z1-[domain of formula | or |l]-Z2

wherein

X1, X2, X8, X9, X11 to X13, X15, X18, X19 and X22 to X33 are as defined above;

Z1 1s an amino-terminal modification or is absent; and

Z2 1s a carboxy-terminal modification or is absent.

In an embodiment, the amino terminal residue (i.e., the free amino group at the N-
terminal end) of the GRF analog is modified (e.q., for protection against degradation), for
example by covalent attachment of a moiety/chemical group (Z1). In an embodiment, the amino-
terminal modification (Z1) 1s a C4-Cqs or C3-C46 acyl group (linear or branched, saturated or
unsaturated), in a further embodiment, a saturated C+-Cg acyl group (linear or branched) or an
unsaturated C;-Cg acyl group (linear or branched), in a further embodiment an acetyl group
(CH3-CO-, Ac). In another embodiment, Z1 Iis a sequence of one or more amino acids (e.g., 1 to
25 additional amino acids, for example 20, 19, 18, 17, 16, 15, 14, 13, 12, 11, 10,9, 8, 7, 6, 5, 4,
3, 2, or 1 amino acids) attached to X1. In an embodiment, if Z1 Is absent, X2 is D-Ala.

In another embodiment, the amino-terminal modification (Z1) i1s a hydrophobic tail
comprising a backbone of 5 to 8 atoms; wherein the backbone can be substituted by C44 alkyil,
Cs.6 cycloalkyl, or Cg.15 aryl Cq5 alkyl, Cs6 cycloalkyl, or Cg.15 aryl and the backbone comprises
at least one rigidifying moiety connected to at least two atoms of the backbone; and the
rigidifying moiety is a double bond, a triple bond, a saturated or unsaturated C;g cycloalkyl, or a

Ce.12 aryl. In a further embodiment, Z1 is

(1)
|O

wherein R i1s H, CH5; or CH>,CHsx, and the double bond Is c¢is or frans;
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O

wherein R is H, CH; or CH,CHj3, wherein X is In a ¢is or frans configuration, and wherein said

(I

GRF analog is a racemic mixture or a pure enantiomer;

AN

wherein Ris H, CHs; or CH>,CHs, and wherein when R i1s CH; or CH>,CHs, X 1S In a ¢is or frans

5 (iii)

O

configuration;

(V)

10
wherein R is H, CH; or CH,CHj3, wherein X is In a ¢is or frans configuration, and wherein said
GRF analog is a racemic mixture or a pure enantiomer;
(V)
D\j
R
15 wherein Ri1s H, CHx or CH>,CHx, wherein when R Is CH; or CH,CHs3, X IS In a ¢is or frans
configuration, and wherein said GRF analog is a racemic mixture or a pure enantiomer;
(Vi)

O

R
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wherein R is H, CH; or CH,CHj3, wherein X is in a ¢is or frans configuration, and wherein said

GRF analog is a racemic mixture or a pure enantiomer;

LU

5 wherein R i1s H, CH5; or CH>,CH=x, wherein when R i1s CHxz or CH,CHs, X IS In a ¢is or frans

(Vi)

configuration, and wherein said GRF analog is a racemic mixture or a pure enantiomer;

(viii)
R
O\j

wherein R i1s H, CHx; or CH,CH3, and wherein when R i1s CHx; or CH,CH3, X IS In a ¢is or frans

10  configuration;

(IX)

O

R

wherein R i1s H, CHs; or CH,CHa;
(X)

/@\j
15 R

wherein R is H, CH; or CH,CHas;

o

(1)
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wherein Ri1s H, CHx or CH-,CH5; or
(XIi)

In an embodiment, the amino-terminal modification (Z1) is frans-CH;-CH»-CH=CH-CH,-
CO or frans-3-hexenoyl.

In an embodiment, the carboxy terminal residue (i.e., the free carboxy group at the C-
terminal end of the peptide) of the GRF analog Iis modified (e.g., for protection against
degradation). In an embodiment, the modification is an amidation (replacement of the OH group
by a NH> group), thus in such a case Z2 is a NH, group. In a further embodiment, Z2 is a
sequence of one or more amino acids (e.q., 1 to 25 additional amino acids, for example 20, 19,
18,17, 16, 15, 14,13, 12, 11,10, 9, 8,7, 6, 5, 4, 3, 2, or 1 amino acids).

The GRF analogs of the present invention may further comprise modifications that
confer additional biological properties to the GRF analogs such as protease resistance, plasma
protein binding, increased plasma half-life, intracellular penetration, etc. Such modifications
include, for example, covalent attachment of fatty acids (e.g., Cs-C45) to the GRF analogs,
attachment to proteins such as albumin (see, e.qg., U.S. Patent No. 7,268,113); glycosylation,
biotinylation or PEGylation (see, e.g., U.S. Patent Nos. 7,256,258 and 6,528,485). The above
description of modification of the GRF analogs does not limit the scope of the approaches nor
the possible modifications that can be engineered.

In embodiments, the above-mentioned GRF analog is:

Trans-3-hexenoyl-Y-A-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-K-A-R-Q-D-I-L-A-R-NH>
(SEQ ID NO: 20);

Y-a-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-K-A-R-Q-D-I-L-S-r-NH, (SEQ ID NO: 21);
Y-a-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-K-A-R-Q-D-I-L-aib-R-NH, (SEQ ID NO: 22);
Y-a-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-O-A-R-Q-D-I-L-S-r-NH, (SEQ ID NO: 23);
Trans-3-hexenoyl-Y-A-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-O-A-R-Q-D-I-L-S-r-NH-
(SEQ ID NO: 24);

Y-a-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-K-A-R-Q-D-L-L-S-r-NH, (SEQ ID NO: 25);
Trans-3-hexenoyl-Y-A-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-K-A-R-Q-D-I-L-A-R-A-A-
R-NH, (SEQ ID NO: 26);
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Trans-3-hexenoyl-Y-A-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-S-A-R-Q-D-I-L-A-R-A-A-
R-A-A-R-NH, (SEQ ID NO: 27);
Y-a-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-K-A-R-Q-D-I-L-A-R-A-A-R-A-A-R-NH, (SEQ
ID NO: 28);

5 Y-a-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-K-L-R-Q-D-I-L-A-R-A-A-R-A-A-R-NH, (SEQ
ID NO: 29);
Y-a-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-K-A-R-Q-D-L-L-A-R-A-A-R-A-A-R-NH>
(SEQ ID NO: 30);
Trans-3-hexenoyl-Y-A-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-K-A-R-Q-D-I-L-A-R-A-A-

10 R-A-A-R-NH, (SEQ ID NO: 31);
Trans-3-hexenoyl-Y-A-D-A-I-F-T-D-&-Y-R-K-V-L-A-Q-L-K-A-R-Q-D-L-L-A-R-A-A-
R-A-A-R-NH, (SEQ ID NO: 32);
Y-S-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-K-A-R-Q-D-I-L-A-R-A-A-R-A-A-R-NH, (SEQ
ID NO: 33);

15 Y-G-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-K-A-R-Q-D-|-L-A-R-A-A-R-A-A-R-NH-
(SEQ ID NO: 34);
Y-L-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-K-A-R-Q-D-I-L-A-R-A-A-R-A-A-R-NH, (SEQ
ID NO: 35);
Y-G-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-K-A-R-Q-D-I-L-A-R-A-A-R-A-A-R-HoSer-

20 NH, (SEQ ID NO: 36); or
Y-a-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-K-A-R-Q-D-I-L-A-R-A-A-R-A-A-R-HoSer-
NH>
(SEQ ID NO: 37);

wherein a = D-Ala, O= L-Ornithine, Alb = a-aminoisobutyric acid, r = D-Arg, and HoSer= L-
25 homoserine.
In embodiments, the above-mentioned GRF analog is:

Trans-3-hexenoyl-Y-A-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-K-A-R-Q-D-I-L-A-R-A-A-
R-NH, (SEQ ID NO: 26);
Trans-3-hexenoyl-Y-A-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-S-A-R-Q-D-I-L-A-R-A-A-

30 R-A-A-R-NH, (SEQ ID NO: 27);
Y-a-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-K-A-R-Q-D-I-L-A-R-A-A-R-A-A-R-NH, (SEQ
ID NO: 28);
Y-a-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-K-L-R-Q-D-I-L-A-R-A-A-R-A-A-R-NH, (SEQ
ID NO: 29);

35 Y-a-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-K-A-R-Q-D-L-L-A-R-A-A-R-A-A-R-NH;

(SEQ ID NO: 30):
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Trans-3-hexenoyl-Y-A-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-K-A-R-Q-D-I-L-A-R-A-A-
R-A-A-R-NH, (SEQ ID NO: 31);
Trans-3-hexenoyl-Y-A-D-A-I-F-T-D-&-Y-R-K-V-L-A-Q-L-K-A-R-Q-D-L-L-A-R-A-A-
R-A-A-R-NH, (SEQ ID NO: 32),

wherein a = D-Ala.

In a further embodiment, the above-mentioned GRF analog is frans-3-hexenoyl-Y-A-D-
A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-K-A-R-Q-D-I-L-A-R-A-A-R-NH, (SEQ ID NO: 26).

In a further embodiment, the above-mentioned GRF analog is frans-3-hexenoyl-Y-A-D-
A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-S-A-R-Q-D-I-L-A-R-A-A-R-A-A-R-NH, (SEQ ID NO: 27).

In a further embodiment, the above-mentioned GRF analog is Y-a-D-A-I-F-T-D-S-Y-R-
K-V-L-A-Q-L-K-A-R-Q-D-I-L-A-R-A-A-R-A-A-R-NH, (SEQ ID NO: 28).

In a further embodiment, the above-mentioned GRF analog is Y-a-D-A-I-F-T-D-S-Y-R-
K-V-L-A-Q-L-K-L-R-Q-D-I-L-A-R-A-A-R-A-A-R-NH, (SEQ ID NO: 29).

In a further embodiment, the above-mentioned GRF analog is Y-a-D-A-I-F-T-D-S-Y-R-
K-V-L-A-Q-L-K-A-R-Q-D-L-L-A-R-A-A-R-A-A-R-NH, (SEQ ID NO: 30).

In a further embodiment, the above-mentioned GRF analog is frans-3-hexenoyl-Y-A-D-
A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-K-A-R-Q-D-I-L-A-R-A-A-R-A-A-R-NH, (SEQ ID NO: 31).

In a further embodiment, the above-mentioned GRF analog is frans-3-hexenoyl-Y-A-D-
A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-K-A-R-Q-D-L-L-A-R-A-A-R-A-A-R-NH, (SEQ ID NO: 32).

In an embodiment, the above-mentioned GRF analog exhibits a biological activity
and/or potency that is similar to, or significantly higher than, a GRF peptide comprising a native
sequence (e.g., human GRF .44, GRF(129), Intermediate forms such as GRF.40), as well as N-
terminal acylated and C-terminally amidated forms thereof). In a further embodiment, the above-
mentioned biological activity and/or potency is an in vivo biological activity and/or potency (e.q.,
in vivo GH secretion activity and/or potency). In a further embodiment, the above-mentioned
GRF analog exhibits a biological activity and/or potency that is significantly higher than (or
significantly increased relative to) a GRF peptide comprising a native sequence (e.g., GRF1.29).
sSuch biological activity and/or potency may be measured in animal models, for example the
mice and rat models described herein. Significantly higher as used refers to a potency which is
at least two-, three, four or five-fold higher than that of a GRF peptide comprising a native
sequence (e.g., GRF .44y, GRF(1.29)). In @another embodiment, the above-mentioned GRF analog
exhibits a stability (e.qg., in vivo stability) that is similar to, or significantly higher than, a GRF
peptide comprising a native sequence (e.g., human GRF 144, GRF1.29), Intermediate forms such
as GRF 1.4, as well as N-terminal acylated and C-terminally amidated forms thereof). In a
further embodiment, the above-mentioned GRF analog exhibits an in vivo stability (half-life) that
IS significantly higher than (or significantly increased relative t0) a GRF peptide comprising a

native GFR sequence (e.g9., GRF1.29).
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The GRF analogs of the invention may be produced by expression in a host cell
comprising a nucleic acid encoding the GRF analog (recombinant expression) or by chemical
synthesis (e.qg., solid-phase peptide synthesis). Peptides can be readily synthesized by manual
and automated solid phase procedures well known in the art. Suitable syntheses can be
performed for example by utilizing "T-boc" or "Fmoc" procedures. Techniques and procedures
for solid phase synthesis are described Iin for example Solid Phase Peptide Synthesis: A
Practical Approach, by E. Atherton and R. C. Sheppard, published by IRL, Oxford University
Press, 1989. Alternatively, the peptides may be prepared by way of segment condensation, as
described, for example, in Liu et al., Tefrahedron Lett. 37. 933-936, 1996; Baca ef al., J. Am.
Chem. Soc. 117 1881-1887, 1995; Tam et al., Int. J. Peptide Protein Res. 45: 209-216, 1995;
Schnolzer and Kent, Science 256: 221-225, 1992; Liu and Tam, J. Am. Chem. Soc. 116: 4149-
4153, 1994 Liu and Tam, Proc. Natl. Acad. Sci. USA 91: 6584-6588, 1994: and Yamashiro and
Li, Int. J. Peptide Protein Res. 31. 322-334, 1988). Other methods useful for synthesizing the
peptides are described in Nakagawa et al., J. Am. Chem. Soc. 107 7087-7092, 1985.

Peptides and peptide analogs comprising naturally occurring amino acids encoded by
the genetic code may also be prepared using recombinant DNA technology using standard
methods. Peptides produced by recombinant technology may be modified (e.qg., N-terminal
acylation [e.g., acetylation], C-terminal amidation), using methods well known in the art.
Therefore, in embodiments, in cases where a GRF analog described herein contains naturally
occurring amino acids encoded by the genetic code, the GRF analog may be produced using
recombinant methods, and may in embodiments be subjected to for example the just-noted
modifications (e.g., acylation, amidation). Accordingly, in another aspect, the invention further
provides a nucleic acid encoding the above-mentioned domain or GRF analog. The invention
also provides a vector comprising the above-mentioned nucleic acid. In yet another aspect, the
present invention provides a cell (e.g., a host cell) comprising the above-mentioned nucleic acid
and/or vector. The invention further provides a recombinant expression system, vectors and
host cells, such as those described above, for the expression/production of a peptide or GRF
analog of the invention, using for example culture media, production, Isolation and purification
methods well known in the art.

The GRF analogs of the invention can be purified by many techniques of peptide
purification well known In the art, such as reverse phase chromatography, high performance
liquid chromatography (HPLC), ion exchange chromatography, size exclusion chromatography,
affinity chromatography, gel electrophoresis, and the like. The actual conditions used to purify a
particular peptide or peptide analog will depend, in part, on synthesis strategy and on factors
such as net charge, hydrophobicity, hydrophilicity, and the like, and will be apparent to those of
ordinary skill in the art. For affinity chromatography purification, any antibody which specifically

binds the peptide or peptide analog may for example be used.
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In an embodiment, the above-mentioned GRF analog is substantially pure. A
compound Is "substantially pure” when it is separated from the components that naturally
accompany it. Typically, a compound is substantially pure when it is at least 60%, more
generally 75%, 80% or 85%, preferably over 90% and more preferably over 95%, by weight, of
the total material in a sample. Thus, for example, a polypeptide that is chemically synthesized or
produced by recombinant technology will generally be substantially free from its naturally
associlated components. A nucleic acid molecule is substantially pure when it is not immediately
contiguous with (i.e., covalently linked to) the coding sequences with which it is normally
contiguous In the naturally occurring genome of the organism from which the DNA of the
invention is derived. A substantially pure compound can be obtained, for example, by extraction
from a natural source; by expression of a recombinant nucleic acid molecule encoding a
polypeptide compound; or by chemical synthesis. Purity can be measured using any
appropriate method such as column chromatography, gel electrophoresis, HPLC, etc.

In another aspect, the present invention provides a composition (e.g., a pharmaceutical
composition) comprising the above-mentioned GRF analog. In an embodiment, the composition
further comprises one or more pharmaceutically acceptable carriers, excipient, and/or diluents.

As used herein, "pharmaceutically acceptable” (or "biologically acceptable™) refers to
materials characterized by the absence of (or limited) toxic or adverse biological effects in vivo.
It refers to those compounds, compositions, and/or dosage forms which are, within the scope of
sound medical judgment, suitable for use Iin contact with the biological fluids and/or tissues
and/or organs of a subject (e. g., human, animal) without excessive toxicity, irritation, allergic
response, or other problem or complication, commensurate with a reasonable benefit/risk ratio.

The term “pharmaceutically acceptable carriers, excipient, and/or diluents” refers to
additives commonly used In the preparation of pharmaceutical compositions and includes, for
example, solvents, dispersion media, saline solutions, surfactants, solubilizing agents,
lubricants, emulsifiers, coatings, antibacterial and antifungal agents, chelating agents, pH-
modifiers, soothing agents, buffers, reducing agents, antioxidants, isotonic agents, absorption
delaying agents or the like (see, e.qg., Rowe et al., Handbook of Pharmaceutical Excipients,
Pharmaceutical Press; 6" edition, 2009).

The GRF analog of the present invention may be formulated for administration via any
conventional route, such as iIntravenous, oral, transdermal, intraperitoneal, subcutaneous,
mucosal, intramuscular, intranasal, intrapulmonary, parenteral or topical administration. The
preparation of such formulations is well known in the art (see, e.q., Remington: The Science and
Practice of Pharmacy, Lippincott Williams & Wilkins; 21 edition, 2005).

The GRF analogs and compositions of the invention may be useful for inducing or

stimulating the secretion of GH in a subject.
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Accordingly, in another aspect, the present invention provides a method for inducing or
Increasing growth hormone secretion in a subject in need thereof, saild method comprising
administering to said subject an effective amount of the above-mentioned GRF analog or the
above-mentioned pharmaceutical composition.

In another aspect, the present invention provides a use of the above-mentioned GRF
analog or the above-mentioned pharmaceutical composition, for inducing or increasing growth
hormone secretion in a subject.

In another aspect, the present invention provides a use of the above-mentioned GRF
analog or the above-mentioned pharmaceutical composition, for the preparation of a
medicament for inducing or increasing growth hormone secretion in a subject.

In another aspect, the present invention provides the above-mentioned GRF analog of
or the above-mentioned pharmaceutical composition, for the preparation of a medicament for
iInducing or increasing growth hormone secretion in a subject.

In another aspect, the present invention provides the above-mentioned GRF analog of
or the above-mentioned pharmaceutical composition, for use in inducing or increasing growth
hormone secretion in a subject.

The terms "stimulating,” "increasing,” or "Inducing” or any variations of these terms as
used herein, refer to a measurable increase of a biological activity. In embodiments, the
increase is at least a 10%, 20%, 40%, 60%, 80%, 90%, 95%, 100% (2-fold), 200% (3-fold)
Increase In the biological activity relative to a control. For example, a GRF analog Is found to
stimulate GHRHr activity when an increase in GH levels is measured following administration of
the GRF analog to a subject (e.g., animal, human) in comparison to a subject not administered
with the GRF analog.

In view of their GHRHr agonist activity and GH-releasing properties, the GRF analogs
and compositions of the Invention may be useful as a medicament, for prophylactic and/or
therapeutic applications in which stimulation of GH/IGF-1 secretion is desirable, for example for
the treatment or prevention of conditions/disorders/diseases associated with GRF and/or GH
function (e.g., In which reduced GH and/or GHRH function Is involved In the etiology of the
disease/disorder). Diseases and conditions Iin which administration of GH, GRF or GRF
analogs/derivatives may be beneficial have been extensively described in the art (see, e.g., WO
2009/009727, WO 2006/042408, WO 2005/037307, WO 2004/105789). Such
conditions/disorders/diseases Iinclude, for example, syndromes associated with fat
accumulation, hypercholesterolemia, obesity, syndrome X, lipohypertrophy, lipoatrophy,
lipodystrophy (e.qg., HIV-associated lipodystrophy syndrome), impaired cognitive function,
impaired daytime vigilance, declined function of the immune system (e.g., Immunodeficiencies
such as T-cell deficiencies), muscle protein catabolism, diseases/conditions associated with

muscle wasting such as sarcopenia, frailty, radiotherapy- and/or chemotherapy-related side
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effects (e.qg., In HIV-infected and cancer patients), cachexia (e.g., In cancer patients),
hypothalamic pituitary dwarfism, burns, osteoporosis, renal failure, non-union bone fracture,
acute/chronic debilitating iliness or infection, wound healing, post-surgical problems, lactation
failure, infertility in women, neurodegenerative conditions, GRF receptor-dependent tumors,
conditions related to aging, sleep disorders/impairment.

Therefore, in other aspects, the present invention provides a method for (1) stimulating
daytime vigilance and/or cognitive function, e.g. in conditions related to aging, mild cognitive
impairment (MCI), pre-Alzheimer's symptoms (Pre-Onset Alzheimer's), dementia and/or sleep
impairment (e.q., age-related sleep impairment), (2) improving/preventing/treating metabolic
conditions associated with fat accumulation and/or hypercholesterolemia (obesity, abdominal
obesity/adiposity, abdominal obesity with metabolic disorders, abdominal obesity with relative
GH deficiency, metabolic syndrome or syndrome X, lipohypertrophy, lipoatrophy, lipodystrophy
(e.qg., HIV-associated lipodystrophy syndrome), dyslipidemia, hypertriglyceridemia), (3)
improving anabolism In catabolic/wasting conditions, such as those observed in acute or chronic
renal failure (e.g., acute or chronic renal failure wasting), chronic heart failure (e.g., chronic
heart failure wasting), chronic obstructive pulmonary disease (COPD), cystic fibrosis (e.q., cystic
fibrosis wasting in adults), frailty, burns, infections (sepsis), muscular dystrophy, congestive
heart failure, neurodegenerative conditions (Alzheimer's, pre-Alzheimer's syndromes,
amyotrophic lateral sclerosis (ALS), AIDS, protein malnutrition following long-term corticosteroid
therapy, following non-union bone fracture, hip fracture, trauma, or major surgery (post-surgical
problems), osteoporosis, long-term immobilization, cancer-related cachexia, sarcopenia (e.q.,
age-related sarcopenia), Gl malabsorption (Short Bowel Syndrome (SBS), Crohn's disease)
particularly in elderly subjects, for example to Iincrease muscle mass and/or function, (4)
improving Iimmune function or reconstitution of immunodeficient states (e.qg., T-cell
Immunodeficiencies) such as that associated aging, HIV infection/AlDS or following high-dose
chemotherapy and/or radiotherapy (in HIV-infected and cancer patients), (5) altering a lipid
parameter ((a) decreasing cholesterol; (b) decreasing non-HDL cholesterol; (c¢) decreasing
triglycerides; and/or (d) decreasing the ratio of total cholesterol/HDL cholesterol); (6) altering a
body composition parameter ((a) increasing lean body mass; (b) decreasing trunk fat; (c)
decreasing visceral fat; (d) decreasing abdominal girth; (e) decreasing visceral adipose tissue
(VAT); and/or (f) decreasing the VAT/subcutaneous adipose tissue (SAT) ratio), (/) enhancing
fertility or treating infertility (in women), treating lactation failure, (8) treating GH deficiency (e.q.,
GH deficiency with abdominal obesity), providing GH replacement therapy, e.g., In adults,
treating idiopathic short stature (I1SS) (9) treating GRF receptor-related tumors, (10) treating
hypothalamic pituitary dwarfism, (11) improving wound healing, (12) treating burns, (13) treating
acute/chronic debilitating illness or infection, and/or (14) preventing/treating a condition

characterized by deficient or decreased bone formation (e.g., osteoporosis); the method
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comprising administering an effective amount of the above-mentioned GRF analog or
pharmaceutically acceptable salt thereof or a composition comprising the above-mentioned
GRF analog or pharmaceutically acceptable salt thereof (e.qg., together with a pharmaceutically
acceptable carrier/excipient), to a subject in need thereof.

In other aspects, the present invention provides a use of the above-mentioned GRF
analog or pharmaceutically acceptable salt thereof or a composition comprising the above-
mentioned GRF analog or pharmaceutically acceptable salt thereof (e.g., together with a
pharmaceutically acceptable carrier/excipient), for improving, preventing and/or treating the
conditions, diseases or disorders noted above, or for the preparation/manufacture of a
medicament for improving, preventing and/or treating the conditions, diseases or disorders
noted above. In other aspects, the present invention provides the above-mentioned GRF analog
or pharmaceutically acceptable salt thereof or a composition comprising the above-mentioned
GRF analog or pharmaceutically acceptable salt thereof (e.qg., together with a pharmaceutically
acceptable carrier/excipient) for use in improving, preventing and/or treating the conditions,
diseases or disorders noted above, or for the preparation/manufacture of a medicament for
improving, preventing and/or treating the conditions, diseases or disorders noted above.

The term "treatment” or “treating” as used herein, i1s defined as the application or
administration of the above-mentioned GRF analog or pharmaceutically acceptable salt thereof
or the above-mentioned composition to a subject, or application or administration of the above-
mentioned GRF analog or pharmaceutically acceptable salt thereof or the above-mentioned
composition to an isolated tissue or cell line from a subject, who has a disorder, a disease, a
symptom of disorder or disease, with the purpose to cure, heal, alleviate, relieve, alter, remedy,
ameliorate, improve, reduce the progression or affect the disorder/disease and/or the symptoms
of disorder/disease. In an embodiment, the treatment results in no or substantially no effect on
blood glucose control (e.g., no clinically significant effects).

The term “prevention” or “preventing” as used herein, Is defined as the application or
administration of the above-mentioned GRF analog or pharmaceutically acceptable salt thereof
or the above-mentioned composition to a subject, or application or administration of the above-
mentioned GRF analog or pharmaceutically acceptable salt thereof or the above-mentioned
composition to an isolated tissue or cell line from a subject, who has a predisposition toward a
disorder/disease or who Is at risk of developing the disorder/disease, with the purpose to
prevent or delay the onset of the disease/disorder or of the symptoms, or reduce the severity of
the disease/disorder or of the symptoms, when administered prior to the onset/appearance of
the disease/disorder or of the symptoms.

An “effective amount” refers to an amount effective, at dosages and for periods of time
necessary, to achieve the desired biological activity (e.g. inducing GH secretion) and/or the

prophylactic/therapeutic result (e.q., prevention and/or treatment of the diseases/disorders
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noted above). A “therapeutically effective amount” refers to an effective amount in the context of
therapy; a “prophylactically effective amount” refers to an effective amount in the context of
prophylaxis. An effective amount of a compound of the invention may vary according to factors
such as the disease state, age, sex, and weight of the individual, and the ability of the
compound to elicit a desired response In the individual. Dosage regimens may be adjusted to
provide the optimum prophylactic/therapeutic response. An effective amount is also one In
which any toxic or detrimental effects of the compound are outweighed by the
prophylactic/therapeutic beneficial effects. For any particular subject, specific dosage regimens
may be adjusted over time according to the individual need and the professional judgment of
the person administering or supervising the administration of the compositions. In an
embodiment, the GRF analog is administered at a daily dose of about 0.01 mg to about 30 mg,
In a further embodiment of about 0.1 mg to about 20 or 25 mg, In a further embodiment of about
0.5 mg to about 20 mg, in a further embodiment at a daily dose of about 1 mg to about 20 mg.

The GRF analogs or pharmaceutically acceptable salts thereof or composition of the
present invention may be administered, or may be for administration, by any conventional route,
such as Iintravenous, oral, transdermal, intraperitoneal, subcutaneous, mucosal, intramuscular,
intranasal, intrapulmonary, parenteral or topical. In an embodiment, the GRF analog or
pharmaceutically acceptable salt thereof Is administered or iIs for administration by a
subcutaneous route. In another embodiment, the GRF analog or pharmaceutically acceptable
salt thereof I1s administered or iIs for administration by a transdermal route (e.g., using
transdermal delivery systems such as transdermal patches). Accordingly, in another aspect, the
present invention provides a transdermal delivery system, such as a transdermal patch,
comprising the above-mentioned GRF analog (or pharmaceutically acceptable salt thereof) or
pharmaceutical composition. Methods and systems for transdermal delivery are well known In
the art and are described, for example, in Transdermal Drug Delivery, Second Edition, Marcel
Dekker Inc., New York, 2003 and Transdermal and Topical Drug Delivery, Adrian C Willilams,
Pharmaceutical Press, 2003. In another embodiment, the GRF analog or pharmaceutically
acceptable salt thereof is administered or is for administration by the oral route. In an
embodiment, the GRF analog or pharmaceutically acceptable salt thereof is administered or is
for administration by a nasal route.

In an embodiment, the above-mentioned prevention and/or treatment comprises
administration of the above-mentioned GRF analogs or pharmaceutically acceptable salts
thereof or compositions, in combination with one or more additional active/therapeutic agents.
The combination of prophylactic/therapeutic agents and/or compositions may be administered
or co-administered (e.q., consecutively, simultaneously, at different times) in any conventional
dosage form. Co-administration in the context of the present invention refers to the

administration of more than one therapeutic in the course of a coordinated treatment to achieve
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an improved clinical outcome. Such co-administration may also be coextensive, that is,
occurring during overlapping periods of time. For example, a first agent may be administered to
a patient before, concomitantly, before and after, or after a second active agent is administered.
The agents may in an embodiment be combined/formulated in a single composition and thus
administered at the same time. In an embodiment, the one or more active agent(s) of the
present invention is used/administered in combination with one or more agent(s) currently used
to prevent or treat the disorder in question.

As used herein, the terms "subject” or "patient” are taken to mean warm blooded
animals such as mammals, for example, cats, dogs, mice, guinea pigs, horses, bovine cows,
sheep and humans. In an embodiment, the subject is a mammal. In a further embodiment, the

above-mentioned subject is a human.

MODE(S) FOR CARRYING OUT THE INVENTION

The present invention Is lillustrated In further details by the following non-limiting

examples.

The following abbreviations are used herein:

DMF: N,N-Dimethylformamide

DIEA: Diisopropylethylamine

HCTU: [2-(6-Chloro-1H-benzotriazole-1-yl)-1,1,3,3-tetramethylaminium
hexafluorophosphate]

COMU. (1-Cyano-2-ethoxy-2-oxoethylidenaminooxy)dimethylamino-morpholino-

carbenium hexafluorophosphate (COMU)

TFA: Trifluoroacetic acid

MALDI-TOF: Matrix Assisted Laser Desorption/lonization Mass Spectrometry.

HPLC: High Performance Liquid Chromatography
BHA: Benzhydrylamine resin

PDbf: 2,2,4.6,7-Pentamethyldihydrobenzofurane-5-sulfonyl
Boc: t-Butoxycarbonyl

-Bu: t-Butyl

Trt: Trityl

Alb: a-aminoisobutyric acid

O: L-ornithine

AC: acetyl

HOArg: L-Homoarginine

HoSer: L-Homoserine

a: D-alanine



10

15

20

CA 02833434 2013-10-17

WO 2012/142706 PCT/CA2012/050242

29

I D-arginine

Throughout the instant application, naturally occurring amino acids are designated
interchangeably using the one or three letter codes (see Table | below for correspondence

between them).

Table |: Amino acids, one and three letter codes

Amino acid Three letter code One letter code
Alanine Ala A
Arginine Arg R

Asparagine Asn N

Aspartic acid ASp D
Cysteine Cys C

Glutamine GIn Q
Glutamic acid Glu E
Glycine Gly G
Histidine His H
|soleucine lle |
Leucine Leu L
Lysine Lys K
Methionine Met V]
Phenylalanine Phe F
Proline Pro P
Serine Ser S
Threonine Thr T

Tryptophan Trp W
Tyrosine Tyr Y

Valine Val V

Example 1. Materials and methods

Synthesis and preparation of GRF analogs.

S0lid phase synthesis

The GRF analogs of the present invention were made using a manual or an automatic
solid phase peptide synthesis approach using fluorenylmethoxycarbonyl-protected alpha-amino
acids with appropriate side-chain protection and Benzhydrylamine (BHA) resin (BACHEM AG)
with a loading of 0.75 mmol/g. Before the coupling of amino acids, 6-aminohexanoic acid and
Rink linker were coupled to the resin, the Fmoc- [9H-fluoren-9-ylmethoxycarbonyl] protected
amino acid were then coupled using [2-(6-Chloro-1H-benzotriazole-1-yl)-1,1,3,3-
tetramethylaminium hexafluorophosphate] (HCTU) or (1-Cyano-2-ethoxy-2-
oxoethylidenaminooxy)dimethylamino-morpholino-carbenium hexafluorophosphate (COMU),
and diisopropylethylamine (DIEA) in N,N-Dimethylformamide (DMF) for about 1 hour. Fmoc
deprotection was performed using 20% (v/v) piperidine in DMF for about 0.5 hour. A general

procedure for N-capping the peptides of the invention with acetyl was performed using acetic
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anhydride and DIEA. After completion of synthesis, peptides were cleaved from the solid phase
support with simultaneous side-chain deprotection. Crude linear peptides were further purified
by preparative RP-HPLC on C18-columns using acetonitrile gradient in 0.1% Trifluoroacetic acid
(TFA). The peptides were vacuum-dried to remove acetonitrile and lyophilized from 0.1% TFA.
Purity was assessed by analytical High Performance Liquid Chromatography (HPLC) and
masses were determined by Matrix Assisted Laser Desorption/ionisation Mass Spectromety

(MALDI-TOF MS) analysis using a Voyager™ instrument (PerSeptive Biosystems Inc.).

Determination of the acftivity of the GRF analogs of the present invention.

Alkaline phosphatase (AP) assay

The activity of representative GRF peptides was tested on baby hamster kidney (BHK)
cells stably transfected to express the human GRF receptor and an alkaline phosphatase
reporter gene. Cells were cultured 24 hours before stimulation, in 96-well plates, at a
concentration of 0.5 X 10° cells/well. Before stimulation. cells were washed twice with DPBS
and incubated 10-30 min in assay buffer (DMEM without phenol red supplemented with 20 mM
HEPES and 1% heat inactivated fetal bovine serum (FBS). The dose response curve of the
GRF peptides was done for 24 hrs with concentrations of peptides from 10° M to 10" M.
supernatant was collected and analysis of alkaline phosphatase levels was performed using the

Alkaline Phosphatase detection kit from Applied Biosystems.

GRF analog administration and sample collection in mice
CD-1 mice (female, weighting from 20 to 25 g) were obtained from Charles River Inc.

Animals were used according to a protocol of the Animal Care Committee along with the
principles of the Guide for the Care and Use of Experimental Animals of the Canadian Councill
on Animal Care. The animals were maintained on standard laboratory chow under a 12:12
light:dark cycle. They were kept in groups of 4 mice per cage.

At the day of the experiment, mice received a subcutaneous injection of GRF analog
(10 pg/mouse dissolved in 20 mM sodium acetate (ACONa) + 5% mannitol at pH 5). 10 minutes
after injection, the mice were anesthezied with isolufrane. Blood samples (500 ul) were obtained
by intra-cardiac puncture. Blood was placed into microtainer pre-treated with Ks;EDTA and

immediately centrifuged at 13,000 RPM In a desktop centrifuge for 2 minutes. The plasma was
collected and placed into a screwcap Eppendorf™ tube and quick frozen in liquid nitrogen. The

samples were then kept at -80°C until assayed. Determination of GH levels was performed as

described below.

GRF analog administration and sample collection in rats
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sprague-Dawley rats (female, weighting from 250 to 300 g) were obtained from
Charles River Inc. Animals were used according to a protocol of the Animal Care Committee
along with the principles of the Guide for the Care and Use of Experimental Animals of the
Canadian Council on Animal Care. The animals were maintained on standard laboratory chow
under a 12:12 light:dark cycle. They were kept in groups of 4 rats per cage.

The animals were anesthetized with isoflurane 2.5%. A mid-section opening was made
In the neck to expose the carotid artery. The carotid artery was canulated with polypropylene
tubing (PE-50) to allow blood withdrawal. After surgical preparation, rats received a
subcutaneous injection of GRF analog (10 pg/rat dissolved in 20mM AcONa + 5% mannitol at
pH 5). For pharmacodynamics studies, blood samples (400 uL) were collected from 4 to 8
animals per group per time point. Blood samples (400 ul) were collected via the carotid catheter
at 0, 10, 20, 30, 45 and 60 minutes after drug injection. Blood was placed into microtainer pre-
treated with K;EDTA and immediately centrifuged at 13,000 RPM in a desktop centrifuge for 2

minutes. The plasma was collected and placed into a screw cap Eppendorf™ and quick frozen

In liquid nitrogen. The samples were then kept at -80°C until assayed. Determination of GH

levels was performed as described below.

Determination of GH levels in plasma samples
Rat and mouse plasma samples were vortexed carefully and centrifuged at 9,000 RPM

for 2 min at 4°C. The dosage of GH levels was performed using the Rat/Mouse Growth
Hormone ELISA kit from Millipore (Cat. # EZRMGH-45K). Sample supernatants were first
diluted 20-fold with the GH ELISA assay buffer, and 10 ul of this dilution was added to the
ELISA plate with 90 ul of GH EIA assay buffer. The remaining of the procedure was performed

according to the manufacturer's instructions, and the data obtained were analyzed using
GraphPad Prism™ software.

Example 2: GHRHr agonist activity of the GRF analogs
The in vitro activity of representative GRF analogs was tested on baby hamster kidney

(BHK) cells expressing human GHRHr. The results are presented in Table II.
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Table |I: ECsy of representative GRF analogs described herein as assessed by alkaline

phosphatase (AP) induction

PCT/CA2012/050242

ECso

Sequence (nM) SD N
Ac-Y-A-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-S-A-R-K-L-L-Q-D-I-L-S-R-NH> (SEQ ID NO:

43) (GRF(1-29) analog with N-terminal acetylation, C-terminal amidation, Asn(8) 0 o5 078 13
substituted with Asp(8), Gly(15) substituted with Ala(15) and Met(27) substituted with | |

Leu(27)

Trans-3-hexenoyl-Y-A-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-S-A-R-Q-D-I-M-S-R-NH> 973 141 3
(SEQ ID NO: 44) | '
Trans-3-hexenoyl-Y-A-D-A-I-F-T-D-5-Y-R-K-V-L-A-Q-L-S-A-R-Q-D-|-L-A-R-NH> 7 55 4 09 3
(SEQ ID NO:45) ' |
Trans-3-hexenoyl-Y-A-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-S-A-R-Q-D-I-L-S-r-NH»> (SEQ 15 1 4 38 3
ID NO:46) ' |
Trans-3-hexenoyl-Y-A-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-K-A-R-Q-D-|-L-A-R-NH> 0 98 0 50 3
(SEQ ID NO: 20) ' |
Y-a-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-K-A-R-Q-D-|-L-S-r-NH»> (SEQ ID NO:21) 2.47 0.81 2
Y-a-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-K-A-R-Q-D-I|-L-aib-R-NH»> (SEQ ID NO:22) 0.72 0.00 1
Y-a-D-A-I-F-T-D-5-Y-R-K-V-L-A-Q-L-O-A-R-Q-D-I-L-S-r-NH> (SEQ ID NO:23) 1.14 0.46 3
Trans-3-hexenoyl-Y-A-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-O-A-R-Q-D-|-L-S-r-NH> 118 0 90 3
(SEQ ID NO: 24); | |
Y-a-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-K-A-R-Q-D-L-L-S-r-NH> (SEQ ID NO:25) 2.35 0.00 1
Trans-3-hexenoyl-Y-A-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-K-A-R-Q-D-|-L-A-R-A-A-R- 013 0 00 1
NH- (SEQ ID NO:26) | |
Trans-3-hexenoyl-Y-A-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-S-A-R-Q-D-I-L-A-R-A-A-R-A- 019 007 3
A-R-NH, (SEQ ID NO:27) | |
Y-a-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-K-A-R-Q-D-|-L-A-R-A-A-R-A-A-R-NH> (SEQ ID 0 11 0.14 14
NO:28) | |
Y-a-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-K-L-R-Q-D-|-L-A-R-A-A-R-A-A-R-NH»> (SEQ |ID 0 08 0.00 1
NO:29) | |
Y-a-D-A-I-F-T-D-5-Y-R-K-V-L-A-Q-L-K-A-R-Q-D-L-L-A-R-A-A-R-A-A-R-NH2> (SEQ ID 018 0.03 3
NO:30) | |
Trans-3-hexenoyl-Y-A-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-K-A-R-Q-D-|-L-A-R-A-A-R-A- 010 0.04 4
A-R-NH- (SEQ ID NO:31) | |
Trans-3-hexenoyl-Y-A-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-K-A-R-Q-D-L-L-A-R-A-A-R- 0 11 007 4
A-A-R-NH, (SEQ ID NO:32) | '
Y-S-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-K-A-R-Q-D-I-L-A-R-A-A-R-A-A-R-NH> 0 25 0.00 1
(SEQ ID NO:33) | '
Y-G-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-K-A-R-Q-D-|-L-A-R-A-A-R-A-A-R-NH> 0 20 0.04 4
(SEQ ID NO:34) | '
Y-L-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-K-A-R-Q-D-|-L-A-R-A-A-R-A-A-R-NH> 5 59 067 E
(SEQ ID NO:35) | '
Y-G-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-K-A-R-Q-D-|-L-A-R-A-A-R-A-A-R-HoSer-NH> 0 20 003 5
(SEQ ID NO:36) | '
Y-a-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-K-A-R-Q-D-|-L-A-R-A-A-R-A-A-R-HoSer-NH- 020 000 1

(SEQ ID NO:37)

AC: acetyl

a: D-alanine

I D-arginine

Alb: amino Isobutyric acid
O: L-ornithine

HoSer: L-homoserine

SD: standard deviation

N: number of experiments
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Example 3: GH-releasing properties of the GRF analogs
The GRF analogs described herein were tested for their ability to induce GH release In
female mice and rats. GH release induced by an analog of native GRF (1.59) peptide having an N-
terminal acetylation, C-terminal amidation, Asn(8) substituted with Asp(8), Gly(15) substituted
with Ala(15) and Met(27) substituted with Leu(2/7) (SEQ ID NO: 43), which is more active than
native GRF .29, was also measured In parallel for comparison. The data are presented In
Tables Ill (mice) and V-V (rats).

Table lll: Growth Hormone Secretion in female mice in response to administration of

representative GRF analogs described herein

GH levels D
Sequence 10 min SD N
value
(ng/ml)
Ac-Y-A-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-S-A-R-K-L-L-Q-D-I-L-S-R-NH>
(SEQ ID NO: 43) (GRF(1-29) analog with N-terminal acetylation, C-terminal 77 57 4 NAP .
amidation, Asn(8) substituted with Asp(8), Gly(15) substituted with Ala(15) |
and Met(27) substituted with Leu(27)
Trans-3-hexenoyl-Y-A-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-S-A-R-Q-D-I-M-S- 15 > 139 . 4
R-NH> (SEQ ID NO: 44) | |
Trans-3-hexenoyl-Y-A-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-S-A-R-Q-D-I-L-A- 100 1 25 3 . 4
R-NH> (SEQ ID NO:45) | |
Trans-3-hexenoyl-Y-A-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-S-A-R-Q-D-I-L-S- 106 36 . 4
r-NH»> (SEQ ID NO:46) | |
Trans-3-hexenoyl-Y-A-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-K-A-R-Q-D-|-L-A- 307 7 48 1 . 4
R-NH> (SEQ ID NO: 20) | |
\N(g.-l231-3ﬂ\-l-F-T-D-S-Y-R-K—V-L-A-Q-L-K-A-R-Q-D-I-L-S-r-N Ho (SEQ ID 104 4 39 6 . 5
E—g.-lzi)z-f\-l-F-T-D-S-Y-R-K—V-L-A-Q-L-K-A-R-Q-D-I-L-a|b-R-N Hy (SEQ ID 249 - 35 0 . 4
\N(-Ce)l.-lzi)éf\-l-F-T-D-S-Y-R-K—V-L-A—Q-L-O-A-R-Q-D-I-L-S-r-N Ho (SEQ ID 269 O 193 4 . »
Trans-3-hexenoyl-Y-A-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-O-A-R-Q-D-I-L-S- 337 6 118 4 . 4
r-NH> (SEQ ID NO: 24); | |
Y-a-D-A-I-F-T-D-5-Y-R-K-V-L-A-Q-L-K-A-R-Q-D-L-L-S-r-NH> (SEQ ID 144 50 1 . 4
NO:25) | |
Trans-3-hexenoyl-Y-A-D-A-I-F-T-D-5-Y-R-K-V-L-A-Q-L-K-A-R-Q-D-I|-L-A- 484 6 105.7 . 4
R-A-A-R-NH2 (SEQ ID NO:26) | |
Trans-3-hexenoyl-Y-A-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-S-A-R-Q-D-|-L-A- 393 6 146.6 . 4
R-A-A-R-A-A-R-NH> (SEQ ID NO:27) | |
Y-a-D-A-I-F-T-D-5-Y-R-K-V-L-A-Q-L-K-A-R-Q-D-I-L-A-R-A-A-R-A-A-R- .
NH, (SEQ ID NO:28) 449.1 169.8 ®
Y-a-D-A-I-F-T-D-5-Y-R-K-V-L-A-Q-L-K-L-R-Q-D-|-L-A-R-A-A-R-A-A-R- .
NH, (SEQ ID NO:29) 4571 1029 4
Y-a-D-A-I-F-T-D-5-Y-R-K-V-L-A-Q-L-K-A-R-Q-D-L-L-A-R-A-A-R-A-A-R- .
NH, (SEQ ID NO:30) 493.3 187.0 ®
Trans-3-hexenoyl-Y-A-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-K-A-R-Q-D-I|-L-A- 563 6 259 6 . 8
R-A-A-R-A-A-R-NH> (SEQ ID NO:31) | |
Trans-3-hexenoyl-Y-A-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-K-A-R-Q-D-L-L-A- 401 6 200.9 . 8
R-A-A-R-A-A-R-NH> (SEQ ID NO:32) | |
AC: acety|
a. D-alanine
I D-arginine
AlDb: amino Isobutyric acid
Q. L-ornithine
SD: standard deviation
NAP: Not applicable
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*: value statistically different from value obtained with SEQ ID NO:43 according to One-way Anova

test, Dunnett comparison
N: number of animals

Table 1V: Cumulative rat Growth Hormone secretion in female rats in response to
administration of representative GRF analogs described herein, as determined by GH Area

Under the curve (AUC, GH concentration over time).

PCT/CA2012/050242

Sequence Mean AUC | SD :
value

Ac-Y-A-D-A-I-F-T-D-5-Y-R-K-V-L-A-Q-L-S-A-R-K-L-L-Q-D-|-L-S-R-NH>
(SEQ ID NO: 43) (GRF(1-29) analog with N-terminal acetylation, C-terminal 2198 347.7 NAP
amidation, Asn(8) substituted with Asp(8), Gly(15) substituted with Ala(15) 0
and Met(27) substituted with Leu(27)
Trans-3-hexenoyl-Y-A-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-S-A-R-Q-D-|-M-S- 984 584 NS
R-NH> (SEQ ID NO: 44)
Trans-3-hexenoyl-Y-A-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-S-A-R-Q-D-I-L-A-
R-NH. (SEQ ID NO:45) 1993 462 NS
Trans-3-hexenoyl-Y-A-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-S-A-R-Q-D-I|-L-S-
-NH. (SEQ ID NO:46) 1453 312 NS
Trans-3-hexenoyl-Y-A-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-K-A-R-Q-D-I|-L-A- 966 109 NS
R-NH> (SEQ ID NO: 20)
Eg—l%—;&-l-F-T-D-S-Y-R-K—V-L-A-Q-L-K-A-R-Q-D-I-L-S-r-N Hy (SEQ ID 3130 1950 NS
Trans-3-hexenoyl-Y-A-D-A-I-F-T-D-5-Y-R-K-V-L-A-Q-L-K-A-R-Q-D-I|-L-A- 8880 3110 .
R-A-A-R-NH2 (SEQ ID NO:26)
Trans-3-hexenoyl-Y-A-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-S-A-R-Q-D-|-L-A- 8350 3690 .
R-A-A-R-A-A-R-NH2 (SEQ ID NO:27)
Y-a-D-A-I-F-T-D-5-Y-R-K-V-L-A-Q-L-K-A-R-Q-D-I-L-A-R-A-A-R-A-A-R- .
NH, (SEQ ID NO:28) 17633 9338
Y-a-D-A-I-F-T-D-5-Y-R-K-V-L-A-Q-L-K-L-R-Q-D-|-L-A-R-A-A-R-A-A-R- 9449 541 .
NH> (SEQ ID NO:29)
Y-a-D-A-I-F-T-D-5-Y-R-K-V-L-A-Q-L-K-A-R-Q-D-L-L-A-R-A-A-R-A-A-R- .
NH, (SEQ ID NO:30) 12282 5226
Trans-3-hexenoyl-Y-A-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-K-A-R-Q-D-I|-L-A- 9093 606 .
R-A-A-R-A-A-R-NH> (SEQ ID NO:31)
Trans-3-hexenoyl-Y-A-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-K-A-R-Q-D-L-L-A- 10500 5989 .
R-A-A-R-A-A-R-NH> (SEQ ID NO:32)
Y-S-D-A-l-F-T-D-S-Y-R-K-V-L-A-Q-L-K-A-R-Q-D-|-L-A-R-A-A-R-A-A-R-
NH, 12467 743 NS
(SEQ ID NO:33)
Y-G-D-A-I-F-T-D-5-Y-R-K-V-L-A-Q-L-K-A-R-Q-D-I-L-A-R-A-A-R-A-A-R-
NH- 11046 5162 *
(SEQ ID NO:34)
Y-L-D-A-I-F-T-D-5-Y-R-K-V-L-A-Q-L-K-A-R-Q-D-I-L-A-R-A-A-R-A-A-R-
NH> 9144 4865 NS
(SEQ ID NO:35)
Y-G-D-A-I-F-T-D-5-Y-R-K-V-L-A-Q-L-K-A-R-Q-D-I-L-A-R-A-A-R-A-A-R-
HoSer-NH- 6211 3365 NS
(SEQ ID NO:36)
Y-a-D-A-I-F-T-D-5-Y-R-K-V-L-A-Q-L-K-A-R-Q-D-I-L-A-R-A-A-R-A-A-R-
HoSer-NHo 14757 3617 *

(SEQ ID NO:37)

AC: acety|

a D-alanine

I D-arginine

AlDb: amino Isobutyric acid
O: L-ornithine

HoSer: L-homoserine

SD: standard deviation
NAP: Not applicable
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NS: value not statistically different from value obtained with SEQ |ID NO:43 according to One-way
Anova test, Dunnett comparison
*: value statistically different from value obtained with SEQ ID NO:43 according to One-way Anova

test, Dunnett comparison
N: number of animals

Table V: C.., of Growth Hormone secretion in female rats in response to administration

of representative GRF analogs described herein (GH concentration over time)

Sequence Mean Cpax SD :
ng/ml value

Ac-Y-A-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-S-A-R-K-L-L-Q-D-I-L-S-R-NH>
(SEQ ID NO: 43) (GRF(1-29) analog with N-terminal acetylation, C-terminal 83 6 141 NAP
amidation, Asn(8) substituted with Asp(8), Gly(15) substituted with Ala(15) ' |
and Met(27) substituted with Leu(27)
Trans-3-hexenoyl-Y-A-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-S-A-R-Q-D-I-M-S- 44 9 549 NS
R-NH2 (SEQ ID NO: 44) | |
Trans-3-hexenoyl-Y-A-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-S-A-R-Q-D-I-L-A- 28 8 16.0 NS
R-NH2 (SEQ |ID NO:45) | |
Trans-3-hexenoyl-Y-A-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-S-A-R-Q-D-I|-L-S- 57 3 57 5 NS
r-NH- (SEQ ID NO:46) | |
Trans-3-hexenoyl-Y-A-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-K-A-R-Q-D-|-L-A- 31 7 2 B NS
R-NH2 (SEQ ID NO: 20) | |
\N(g-lzi){;ﬂx-l-F-T-D-S-Y-R-K—V-L-A-Q-L-K-A-R-Q-D-I-L-S-r-N Ho (SEQ ID 135 230 NS
Trans-3-hexenoyl-Y-A-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-K-A-R-Q-D-I|-L-A- 468 1 147 9 R
R-A-A-R-NH> (SEQ ID NO:26) | |
Trans-3-hexenoyl-Y-A-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-S-A-R-Q-D-I-L-A- 455 B 510 4 .
R-A-A-R-A-A-R-NH2 (SEQ ID NO:27) | |
Y-a-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-K-A-R-Q-D-I-L-A-R-A-A-R-A-A-R- 806 2 240 3 "
NH> (SEQ ID NO:28) | |
Y-a-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-K-L-R-Q-D-|-L-A-R-A-A-R-A-A-R- 466 7 194 3 .
NH> (SEQ ID NO:29) | |
Y-a-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-K-A-R-Q-D-L-L-A-R-A-A-R-A-A-R- 664 1 168 7 .
NH> (SEQ ID NO:30) | |
Trans-3-hexenoyl-Y-A-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-K-A-R-Q-D-|-L-A- 459 9 175 5 x
R-A-A-R-A-A-R-NH> (SEQ ID NO:31) | |
Trans-3-hexenoyl-Y-A-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-K-A-R-Q-D-L-L-A- 514 8 541 1 "
R-A-A-R-A-A-R-NH> (SEQ |ID NO:32) | |
Y-S-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-K-A-R-Q-D-|-L-A-R-A-A-R-A-A-R-
NH- 499 0 12.7 NS
(SEQ ID NO:33)
Y-G-D-A-I-F-T-D-5-Y-R-K-V-L-A-Q-L-K-A-R-Q-D-|-L-A-R-A-A-R-A-A-R-
NH- 539.7 236.3 NS
(SEQ ID NO:34)
Y-L-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-K-A-R-Q-D-I-L-A-R-A-A-R-A-A-R-
NH- 37/6.9 128.5 NS
(SEQ ID NO:35)
Y-G-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-K-A-R-Q-D-|-L-A-R-A-A-R-A-A-R-
HoSer-NH- 3735 207.4 NS
(SEQ ID NO:36)
Y-a-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-K-A-R-Q-D-I-L-A-R-A-A-R-A-A-R-
HoSer-NH> 594 .6 145.3 NS

(SEQ ID NO:37)

AcC: acetyl

a: D-alanine

I D-arginine

Alb: amino Isobutyric acid
O: L-ornithine

HoSer: L-homoserine

SD: standard deviation
NAP: Not applicable
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NS: value not statistically different from value obtained with SEQ |ID NO:43 according to One-way
Anova test, Dunnett comparison

*: value statistically different from value obtained with SEQ ID NO:43 according to One-way Anova

test, Dunnett comparison
N: number of animals

Although the present invention has been described hereinabove by way of specific
embodiments thereof, it can be modified, without departing from the spirit and nature of the
subject invention as defined In the appended claims. In the claims, the word "comprising” is
used as an open-ended term, substantially equivalent to the phrase "including, but not limited

to". The singular forms "a", "an" and "the" include corresponding plural references unless the

context clearly dictates otherwise.
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WHAT IS CLAIMED IS:

1.

A growth hormone releasing factor (GRF) analog comprising a domain of formula (l)

(SEQ ID NO: 1):

X1-X2-Asp-Ala-lle-Phe-Thr-X8-X9-Tyr-X11-X12-X13-Leu-X15-GIn-Leu-X18-X19-Arg-GIn- X22-

K23-X24-X25-X26-X27-X28-X29-X30-X31-X32-X33(|)

wherein:

X1 1s Tyr or His;

X2 1s Ala, D-Ala, Ser, Leu, a-aminoisobutyric acid (Aib), Val or Gly;
X8 I1s Asn, Asp, Ala, GIn, Ser or Alb;
X9 Is Ser, Asp or Ala;

X11 1s Arg or L-Homoarginine (HOArg);
X12 is Lys, L-Ornithine (Orn) or HOArQ;
X13 1s Val or lle;

X15 1s Gly or Ala;

X18 is Lys, L-Ornithine, L-2,4-diaminobutyric acid, L-2,3-diaminopropionic acid, or Ser;
X19is Ala or Leu

X22 1s Asp or Glu;

X23 IS lle or Leu;

X24 is Met, lle, Nle or Levu;

X25 Is Ser, Asn, Alb or Ala;

X26 Is Arg, D-Arg, HoArg or Lys;

X217 1s Ala or is absent;

X28 Is Ala or Is absent;

X29 Is Arg or Is absent;

X30 is Ala or Is absent;

X31 1s Ala or is absent;

X32 1s Arg or Is absent;

X33 Is L-Homoserine (HoSer) or is absent;

and wherein If X18 is Ser, X27 to X32 or X27 to X33 are present,

or a pharmaceutically acceptable salt thereof.

2.

3.

4.

The GRF analog of claim 1, wherein X1 is Tyr.

The GRF analog of claim 1 or 2, wherein X2 is Ala or D-Ala.

The GRF analog of any one of claims 1 to 3, wherein X8 Is Ala or Asp.
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5. The GRF analog of claim 4, wherein X8 is Asp.

6. The GRF analog of any one of claims 1 to 5, wherein X9 is Ser.

/. The GRF analog of any one of claims 1 to 6, wherein X11 Is Arg.

3. The GRF analog of any one of claims 1 to 7, wherein X12 is Lys or HoOArg.

9. The GRF analog of claim 8, wherein X12 is Lys.

10. The GRF analog of any one of claims 1 to 9, wherein X15 is Ala.

11. The GRF analog of any one of claims 1 to 10, wherein X18 is Orn or Lys.

12. The GRF analog of claim 11, wherein X18 Is Lys.

13. The GRF analog of any one of claims 1 to 12, wherein X22 is Asp.

14. The GRF analog of any one of claims 1 to 13, wherein X23 is lle.

15. The GRF analog of any one of claims 1 to 14, wherein X24 is Leu.

16. The GRF analog of any one of claims 1 to 15, wherein X25 Is Ala or Ser.

17. The GRF analog of claim 16, wherein X25 is Ala.

18. The GRF analog of any one of claims 1 to 17, wherein X26 is Arg or D-Arg.

19. The GRF analog of claim 18, wherein X26 is Arg.

20. The GRF analog of any one of claims 1 to 19, wherein X27 is Ala.

21. The GRF analog of any one of claims 1 to 20, wherein X28 is Ala.

22. The GRF analog of any one of claims 1 to 21, wherein X29 is Arg.

23. The GRF analog of any one of claims 1 to 22, wherein X30 is Ala.

24. The GRF analog of any one of claims 1 to 23, wherein X31 Is Ala.

295. The GRF analog of any one of claims 1 to 24, wherein X32 Is Arg.

26. The GRF analog of any one of claims 1 to 25, wherein X33 Is HoSer.
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21. The GRF analog of any one of claims 1 to 19, wherein at least one of X27 to X33 is

absent.

28. The GRF analog of claim 27, wherein X27 to X33 are absent.

29. The GRF analog of claim 1, wherein said domain Is:
Y-A-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-K-A-R-Q-D-I-L-A-R (SEQ ID NO: 2);
Y-a-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-K-A-R-Q-D-I-L-S-r (SEQ ID NO: 3);
Y-a-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-K-A-R-Q-D-I-L-aib-R (SEQ ID NO: 4);
Y-a-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-O-A-R-Q-D-I-L-S-r (SEQ ID NO: 5);
Y-A-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-O-A-R-Q-D-I-L-S-r (SEQ ID NO: 6);
Y-a-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-K-A-R-Q-D-L-L-S-r (SEQ ID NO: 7);
Y-A-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-K-A-R-Q-D-I-L-A-R-A-A-R (SEQ ID NO: 8);
Y-A-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-S-A-R-Q-D-I-L-A-R-A-A-R-A-A-R  (SEQ ID

NO: 9);

Y-a-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-K-A-R-Q-D-I-L-A-R-A-A-R-A-A-R  (SEQ ID
NO: 10);

Y-a-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-K-L-R-Q-D-I-L-A-R-A-A-R-A-A-R  (SEQ ID
NO: 11);

Y-a-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-K-A-R-Q-D-L-L-A-R-A-A-R-A-A-R (SEQ ID
NO: 12);

Y-A-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-K-A-R-Q-D-I-L-A-R-A-A-R-A-A-R  (SEQ ID
NO: 13);

Y-A-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-K-A-R-Q-D-L-L-A-R-A-A-R-A-A-R (SEQ ID
NO: 14);

Y-S-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-K-A-R-Q-D-I-L-A-R-A-A-R-A-A-R  (SEQ ID
NO: 15);

Y-G-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-K-A-R-Q-D-|-L-A-R-A-A-R-A-A-R (SEQ ID
NO: 16);

Y-L-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-K-A-R-Q-D-I-L-A-R-A-A-R-A-A-R  (SEQ ID
NO: 17);

Y-G-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-K-A-R-Q-D-|-L-A-R-A-A-R-A-A-R-HoSer
(SEQ ID NO: 18);
Y-a-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-K-A-R-Q-D-I-L-A-R-A-A-R-A-A-R-HoSer
(SEQ ID NO: 19);
wherein a = D-Ala, O= L-Ornithine, Aib = a-aminoisobutyric acid, HoSer = L-homoserine and r
= D-Arqg.
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30. The GRF analog of any one of claims 1 to 28, further comprising (i) an amino-terminal

modifying group; (iI) a carboxy-terminal modifying group; or (i) both (1) and (ii).

31. The GRF analog of claim 30, wherein said amino-terminal modifying group Is a linear or

branched saturated C+-Cs acyl group or unsaturated Cs-Cg acyl group.

32. The GRF analog of claim 31, wherein said amino-terminal modifying group is an acetyl

group (AcC).

33. The GRF analog of claim 30, wherein said amino-terminal modifying group is a trans-3-

hexenoyl group.

34. The GRF analog of any one of claims 30 to 33, wherein said carboxy-terminal modifying

group i1s NH-.

35. The GRF analog of claim 1, wherein said GRF analog is:
Trans-3-hexenoyl-Y-A-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-K-A-R-Q-D-I-L-A-R-NH>
(SEQ ID NO: 20);

Y-a-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-K-A-R-Q-D-I-L-S-r-NH, (SEQ ID NO: 21);
Y-a-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-K-A-R-Q-D-I-L-aib-R-NH, (SEQ ID NO: 22);
Y-a-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-O-A-R-Q-D-I-L-S-r-NH, (SEQ ID NO: 23);
Trans-3-hexenoyl-Y-A-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-O-A-R-Q-D-I-L-S-r-NH-
(SEQ ID NO: 24);

Y-a-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-K-A-R-Q-D-L-L-S-r-NH, (SEQ ID NO: 25);
Trans-3-hexenoyl-Y-A-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-K-A-R-Q-D-I-L-A-R-A-A-
R-NH, (SEQ ID NO: 26);
Trans-3-hexenoyl-Y-A-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-S-A-R-Q-D-I-L-A-R-A-A-
R-A-A-R-NH; (SEQ ID NO: 27);
Y-a-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-K-A-R-Q-D-I-L-A-R-A-A-R-A-A-R-NH, (SEQ
ID NO: 28);
Y-a-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-K-L-R-Q-D-I-L-A-R-A-A-R-A-A-R-NH, (SEQ
ID NO: 29);
Y-a-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-K-A-R-Q-D-L-L-A-R-A-A-R-A-A-R-NH>
(SEQ ID NO: 30);
Trans-3-hexenoyl-Y-A-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-K-A-R-Q-D-I-L-A-R-A-A-
R-A-A-R-NH, (SEQ ID NO: 31);
Trans-3-hexenoyl-Y-A-D-A-I-F-T-D-&-Y-R-K-V-L-A-Q-L-K-A-R-Q-D-L-L-A-R-A-A-
R-A-A-R-NH, (SEQ ID NO: 32);
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Y-S-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-K-A-R-Q-D-|-L-A-R-A-A-R-A-A-R-NH, (SEQ
ID NO: 33);
Y-G-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-K-A-R-Q-D-I-L-A-R-A-A-R-A-A-R-NH>
(SEQ ID NO: 34);
Y-L-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-K-A-R-Q-D-I-L-A-R-A-A-R-A-A-R-NH, (SEQ
ID NO: 35);
Y-G-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-K-A-R-Q-D-I-L-A-R-A-A-R-A-A-R-HoSer-
NH> (SEQ ID NO: 36); or
Y-a-D-A-I-F-T-D-S-Y-R-K-V-L-A-Q-L-K-A-R-Q-D-I-L-A-R-A-A-R-A-A-R-HoSer-
NH>
(SEQ ID NO: 37);

wherein a = D-Ala, O= L-Ornithine, Aib = a-aminoisobutyric acid, HoSer = L-homoserine and r

= D-Arg.

36. The GRF analog of claim 35, wherein said GRF analog is Y-a-D-A-I-F-T-D-S-Y-R-K-V-L-
A-Q-L-K-A-R-Q-D-I-L-A-R-A-A-R-A-A-R-NH, (SEQ ID NO: 28).

37. The GRF analog of claim 35, wherein said GRF analog is Y-a-D-A-I-F-T-D-S-Y-R-K-V-L-
A-Q-L-K-L-R-Q-D-I-L-A-R-A-A-R-A-A-R-NH, (SEQ ID NO: 29).

38. The GRF analog of claim 35, wherein said GRF analog is Y-a-D-A-I-F-T-D-S-Y-R-K-V-L-
A-Q-L-K-A-R-Q-D-L-L-A-R-A-A-R-A-A-R-NH, (SEQ ID NO: 30).

39. The GRF analog of claim 35, wherein said GRF analog is frans-3-hexenoyl-Y-A-D-A-|-F-
T-D-5-Y-R-K-V-L-A-Q-L-K-A-R-Q-D-I-L-A-R-A-A-R-A-A-R-NH, (SEQ ID NO: 31).

40. The GRF analog of claim 35, wherein said GRF analog Is frans-3-hexenoyl-Y-A-D-A-I-F-
T-D-S-Y-R-K-V-L-A-Q-L-K-A-R-Q-D-L-L-A-R-A-A-R-A-A-R-NH, (SEQ ID NO: 32).

41. A pharmaceutical composition comprising the GRF analog of any one of claims 1 to 40.

42. The pharmaceutical composition of claim 41, further comprising one or more

pharmaceutically acceptable carriers, excipient, and/or diluents.

43. A method for inducing growth hormone secretion in a subject in need thereof, said
method comprising administering to said subject an effective amount of the GRF analog of any

one of claims 1 to 40, or the pharmaceutical composition of claim 41 or 42.

44 The method of claim 43, wherein saild GRF analog is administered at a daily dose of

about 0.1 mg to about 20 mg.
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45 The method of claims 43 or 44, wherein said GRF analog is administered intravenously,
orally, transdermally, subcutaneously, mucosally, intramuscularly, intranasally, intrapulmonary,

parenterally, intrarectally or topically.

46. The method of claim 45, wherein said GRF analog is administered subcutaneously.
47. The method of claim 45, wherein said GRF analog is administered intranasally.

438. The method of claim 45, wherein said GRF analog is administered transdermally.

49. Use of the GRF analog of any one of claims 1 to 40, or the pharmaceutical composition

of claim 41 or 42, for inducing growth hormone secretion in a subject.

50. Use of the GRF analog of any one of claims 1 to 40, or the pharmaceutical composition
of claim 41 or 42, for the preparation of a medicament for inducing growth hormone secretion in

a subject.

51. The use of claim 49 or 50, wherein said GRF analog is for administration at a daily dose

of about 0.1 mg to about 20 mg.

52. The use of any one of claims 49 to 51, wherein said GRF analog is for intravenous, oral,
transdermal, subcutaneous, mucosal, intramuscular, intranasal, intrapulmonary, parenteral,

intrarectal or topical administration.

53. The use of claim 52, wherein said GRF analog is for subcutaneous administration.
54. The use of claim 52, wherein said GRF analog is for intranasal administration

55. The use of claim 52, wherein sald GRF analog Is for transdermal administration.

56. The GRF analog of any one of claims 1 to 40, or the pharmaceutical composition of
claim 41 or 42, for the preparation of a medicament for inducing growth hormone secretion in a

subject.

57. The GRF analog of any one of claims 1 to 40, or the pharmaceutical composition of

claim 41 or 42, for use inducing growth hormone secretion in a subject.

58. The GRF analog of claim 56 or 7, wherein said GRF analog is for administration at a

daily dose of about 0.1 mg to about 20 mg.
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59. The GRF analog of any one of claims 56 to 58, wherein said GRF analog is for
Intfravenous, oral, transdermal, subcutaneous, mucosal, Intramuscular, Intranasal,

intrapulmonary, parenteral, intrarectal or topical administration.

60. The GRF analog of claim 59, wherein saild GRF analog is for subcutaneous

administration.
61. The GRF analog of claim 59, wherein said GRF analog is for intranasal administration.
62. The GRF analog of claim 59, wherein said GRF analog is for transdermal administration.

63. Use of the GRF analog of any one of claims 1 to 40, or the pharmaceutical composition

of claim 41 or 42, as a medicament.

64. The GRF analog of any one of claims 1 to 40, or the pharmaceutical composition of

claim 41 or 42, for use as a medicament.
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