a2 United States Patent

US010385098B2

ao) Patent No.: US 10,385,098 B2

Seong et al. 45) Date of Patent: Aug. 20,2019
(54) AGONIST OF SPEXIN-BASED GALANIN (56) References Cited
TYPE 2 RECEPTOR AND USE THEREOF
U.S. PATENT DOCUMENTS
(71)  Applicant: NEURACLE SCIENCE CO., LTD., 5972624 A 10/1999 Smith et al.
Seoul (KR) 2013/0196348 Al 872013 Leroy
2013/0345141 Al  12/2013 Seong
(72) Inventors: Jae Young Seong, Seoul (KR); Jong-Ik
Hwang, Seoul (KR); Dong-Hoon Kim, FOREIGN PATENT DOCUMENTS
%eou;(KIIj ); (;l H‘;OIILIS{O,"’SS%“]&KR); P 2008501632 A 1/2008
00-Na Lee, Seoul (KR); Seongsi JP 2013539975 A 10/2013
Yun, Dacjeon (KR); Arfaxad KR 1020120085669 8/2012
Reyes-Alcaraz, Seoul (KR) WO WO -2012051567 A2 * 4/2012 ... A61K 38/1709
(73) Assignee: Neuracle Science Co., Ltd., Seoul OTHER PUBLICATIONS
KR
(KR) Sollenberg, U. E. et al., “M871—a Novel Peptide Antagonist
" . . . . . Selectively Recognizing the Galanin Receptor Type 2,” Interna-
(*)  Notice: SubJeCt. to any dlSCIalmer’. the term of this tional Journal of Peptide Research and Therapeutics, vol. 12, No.
patent is extended or adjusted under 35 2, pp. 115-119 (2006)
U.S.C. 154(b) by 0 days. Pirondi, Stefania et al., “The Galanin-R2 Agonist AR-M1896 Reduces
Glutamate Toxicity in Primary Neural Hippocampal Cells,” Journal
(21) Appl. No.: 15/771,078 of Neurochemistry, vol. 95, pp. 821-833 (2005).
Reyes-Alcaraz Arfaxad et al., “Development of Spexin-based Human
. Galanin Receptor Type II-specific Agonists with Increased Stability
(22) PCT Filed: Nov. 30, 2016 in Serum and Anxiolytic Effect in Mice,” Scientific Reports, vol. 6,
article No. 21453, pp. 1-10 (2016).
(86) PCT No.: PCT/KR2016/013950 Bailey, Kathlee_n R. et al., “Galan_in Re_cept_or Subtype 2 (GalI_{Z)
Null Mutant Mice Display an Anxiogenic-Like Phenotype Specific
§ 371 (c)(1), to the Elevated Plus-Maze,” Pharmacology, Biochemistry and Behav-
2) Date: Apr. 25, 2018 ior vol. 86, pp. 8-20 (2007).
@ P ’ Bajo, Michal et al., “Receptor Subtype-Dependent Galanin Actions
on Gamma-Aminobutyric Acidergic Neurotransmission and Ftha-
(87) PCT Pub. No.: W0O2017/095132 nol Responses in the Central Amygdala,” Addiction Biology, vol.
. 17, pp. 694-705 (2011).
PCT Pub. Date: Jun. 8, 2017 Baranowska, B. et al., “Neuropeptide Y, Galanin, and Leptin
Release in Obese Women and in Women With Anorexia Nervosa,”
(65) Prior Publication Data Metabolism, vol. 46, No. 12, pp. 1384-1389 (1997).
Castellano, J. M. et al., “Effects of Galanin-Like Peptide on Luteiniz-
US 2018/0319841 Al Nov. 8, 2018 ing Hormone Secretion in the Rat: Sexually Dimorphic Responses
and Enhanced Sensitivity at Male Puberty,” Am J Physiol Endocrinol
(30) Foreign Application Priority Data Metab vol. 291, pp. E1281-E1289 (2006).
Einstein, Emily B. et al., “Galanin-Induced Decreases in Nucleus
Nov. 30, 2015 (KR) 10-2015-0168555 Accumbens/Striatum Excitatory Postsynaptic Potentials and Mor-
T T A phine Conditioned Place Preference Require Both Galanin Receptor
1 and Galanin Receptor 2,” Furopean Journal of Neuroscience vol.
(51) Int. CL 37, pp. 1541-1549 (2013).
CO7K 7/08 (2006.01) (Continued)
AG6IK 38/00 2006.01
A61IK 9/19 52006.013 Primary Examiner — Kimberly Ballard
A6IK 9/00 (2006.01) (74) Attorney, Agent, or Firm — Sterne, Kessler,
AGIP 25/06 (2006.01) Goldstein & Fox PL.L.C.
AG6IP 25/18 (2006.01) (57) ABSTRACT
ﬁg;ﬁ ;ggi 888288 The present invention relates to spexin-based agonists spe-
AGIP 25,28 (200 6.01) cific for galanin receptor type 2 and use thereof. More
AGIP 25/30 (200 6.01) specifically, the present invention provides peptide-based
’ agonists with high specificity for galanin receptor type 2 and
(52) US.ClL improved stability. The peptide-based agonists are involved
CPC v CO7K 7/08 (2013.01); A6IK 9/00 in the regulation of in vivo physiological functions, such as
(2013.01); A61K 9/0019 (2013.01); A61K 9/19 food intake, anxiety, emotion, and addiction, for which
(2013.01); 461P 25/06 (2018.01); A6IP 25/18 galanin receptors type 2 is responsible, to effectively sup-
(2018.01); A61P 25/22 (2018.01); AG6IP 25/24 press appetite, help recover from anxiety disorder, and
(2018.01); A61P 25/28 (2018.01); AG6LP 25/30 reduce pleasure addiction. Therefore, the peptide-based ago-
(2018.01); 461K 38/00 (2013.01) nists can be used to prevent or treat galanin receptor type
(58) Field of Classification Search 2-mediated diseases.

CPC .......... CO7K 7/08; A61K 9/00; A61K 9/0019;
A61K 9/19; A61K 38/00; A61K 38/10
See application file for complete search history.

20 Claims, 29 Drawing Sheets

Specification includes a Sequence Listing.



US 10,385,098 B2
Page 2

(56) References Cited

OTHER PUBLICATIONS

Elliott-Hunt, Caroline R. et al, “Activation of the Galanin Receptor
2 (Galr2) Protects the Hippocampus From Neuronal Damage,”
Journal of Neurochemistry vol. 100, pp. 780-789 (2007).

Gottsch, Michelle L. et al., “Phenotypic Analysis of Mice Deficient
in the Type 2 Galanin Receptor (GALR?2),” Molecular and Cellular
Biology vol. 25, No. 11, pp. 4804-4811 (2005).

Gu, Liping et al., “Spexin Peptide Is Expressed in Human Endocrine
and Epithelial Tissues and Reduced After Glucose Load in Type 2
Diabetes,” Peptides vol. 71, pp. 232-239 (2015).

Holmes, Andrew et al., “Galanin GAL-R1 Receptor Null Mutant
Mice Display Increased Anxiety-Like Behavior Specific to the
Elevated Plus-Maze,” Neuropsychopharmacology vol. 28, pp. 1031-
1044 (2003).

Kim, Dong-Kyu et al., “Coevolution of the Spexin/Galanin/
Kisspeptin Family: Spexin Activates Galanin Receptor Type II and
111,” Endocrinology vol. 155, pp. 1864-1873 (2014).

Lin, Cheng-yuan et al., “Spexin Enhances Bowel Movement through
Activating L-type Voltagedependent Calcium Channel via Galanin
Receptor 2 in Mice,” Scientific Reports vol. 5, pp. 1-12 (2015).
Lui, Yun et al.,, “A novel neuropeptide in suppressing luteinizing
hormone release in goldfish, Carassius auratus,” Molecular and
Cellular Endocrinology vol. 374, pp. 65-72 (2013).

Liu, Hong-Xiang et al., “Receptor Subtype-Specific Pronociceptive
and Analgesic Actions of Galanin in the Spinal Cord: Selective
Actions Via Galrl and Galr2 Receptors,” PNAS, vol. 98, No. 17, pp.
9960-9964 (2001).

Lu, Xiaoying et al., “Galanin (2-11) Binds to GalR3 in Transfected
Cell Lines: Limitations for Pharmacological Definition of Receptor
Subtypes,” Neuropeptides vol. 39, pp. 165-167 (2005).

Mirabeau, Olivier et al., “Identification of Novel Peptide Hormones
in the Human Proteome by Hidden Markov Model Screening,”
Genome Research, vol. 17, No. 3, pp. 320-327 (2007).

Rada, Pedro et al., “Ethanol Intake is Increased by Injection of
Galanin in the Paraventricular Nucleus and Reduced by a Galanin
Antagonist,” Alcohol vol. 33, pp. 91-97 (2004).

Runesson, Johan et al., “A Novel GalR2-Specific Peptide Agonist,”
Neuropeptides vol. 43, pp. 187-192 (2009).

Saar, Indrek et al., “Novel Galanin Receptor Subtype Specific
Ligands in Feeding Regulation,” Neurochemistry International vol.
58, pp. 714-720 (2011).

Shi, Tie-Jun Sten et al., “Sensory Neuronal Phenotype in Galanin
Receptor 2 Knockout Mice: Focus on Dorsal Root Ganglion Neurone
Development and Pain Behaviour,” European Journal of Neurosci-
ence, vol. 23, pp. 627-636 (2006).

Swanson, Chad J. et al., “Anxiolytic- and Antidepressant-Like
Profiles of the Galanin-3 Receptor (Gal;) Antagonists Snap 37889
and Snap 398299,” PNAS, vol. 102, No. 78, pp. 17489-17494
(2005).

Toll, Lawrence et al., “Peptides Derived from Die Prohormone
proNPQ/spexin are Potent Central Modulators of Cardiovascular
and Renal Function and Nociception,” FASEB J, vol. 26, No. 2, pp.
947-54 (2012), downloaded on Apr. 3, 2018, https://www.ncbi.nlm.
nih.gov/pmc/articles/PMC3290442.

Walewski, José L. et al., “Spexin is a Novel Human Peptide that
Reduces Adipocyte Uptake of Long Chain Fatty Acids and Causes
Weight Loss in Rodents with Diet-Induced Obesity,” Obesity (Silver
Spring), vol. 22, No. 7, pp. 1643-1652 (2014).

Webling, Kristin E. B. et al.,, “Galanin Receptors and Ligands,”
Frontiers in Endocrinology, vol. 3, pp. 1-14 (2012).

Wong, Matthew K. H. et al.., “Goldfish Spexin: Solution Structure
and Novel Function as a Satiety Factor in Feeding Control,” Am J
Physiol Endocrinol Metab, vol. 305, pp. E348-E366 (2013).
International Search Report of Application No. PCT/KR2016/
013950, 4 pages, dated Mar. 2, 2017.

* cited by examiner



U.S. Patent Aug. 20, 2019 Sheet 1 of 29 US 10,385,098 B2

FIG. 1
910 11 12 13 14
§ g Wil a,uoo

Hu_GAL:
Hu_GALP:
Co SPX2: N W B |
Hu SPX1: N W 7 |

BAaLaa 6

Substitution

Daa. o .
Substitution ™

dA

N1 Modification pQ, Cit, Fmoc, A, PEG

v




US 10,385,098 B2

Sheet 2 of 29

Aug. 20, 2019

U.S. Patent

Al

TRipine

o wwf.%»mw«&ww}ﬁﬁ :

srgvisy

A Y Eaird

T

ALV DA N

Sl %,.»..

HEPE D Y

AT

MV&

Lot A

o x%mﬁw

N oigiies:

POGEARG

ﬁw&»@&ﬂ i .

¥as-hl

2N

_m,_._mﬁxm,@

RS tovp

w&w ~§sig3

..,ﬁ%ﬁ%

HerEL

Has T

T

FEOTEry

R

Lol

AN

-

.M.m,mwmxwwmvw.»{vnmw«wx w&%ﬁ&&%«@ﬁ?”g &mm

- P |

s Ll

wﬁ ¥1 m&w

43 WY




US 10,385,098 B2

Sheet 3 of 29

Aug. 20, 2019

U.S. Patent

#¢ Ol

_TTBEIERY

R e

%

g

iy

Bisia mwwww?%é kit

1

ITeVEEe

Rasdpvpate g

ﬂsﬁ

srossL

&

5w

BYPIERY

%#».Wmm@%#&%ﬁ&% %ﬁmw Méﬁww\ .

i g

srvvenw

BRI

sl eon-el

ix

ol

BT

NS LI

CETBREG

BEREREL

: wasdptsittioviiong

K3

wx,

BUIICL

xasferatenion |

L soren

Xgwiresleviion

iy

Xegiaiine

B0

%ﬁ.«g» wu&m«x

g.,mﬁ Higwt

TERifey-

X mm mwmv&zm )

6y

SLOIgRg

BTOEIL L

ﬁxiﬁ?@?ﬁzﬁﬁgﬁﬁ é&

Ao {3

CEUREER

BEIRILL

XSG iand

£

Er

P

PR A

BT

Ras- il

BIRL

PGEINL

&:?%&?m?a@&m%

p IS M

B

BY BRIy

- oteEewe-

2 “{%www.. «m«,bv.«,»f wﬁwﬂmﬁﬁw@ﬂwﬁ&m. :

.

£

RN

b speiave

]

LIBIICE:

FURTOFY

B D AT A N vy Lo b

K% Taepl

GroIeEE

&ax& Bl N

RSPl

2

ﬁw? mﬁ, -

Ly il

.ww%w.wﬁw&w%wﬁ&%%fx

Py s

BiRiRin

.hﬂ,.

e et

w §§m




U.S. Patent Aug. 20, 2019 Sheet 4 of 29 US 10,385,098 B2

FIG.3A

8.8 RGN
7.5

%
4

SogECE0 [ M ]
»
&

et 1.2 HS AT 0 OB 3t Peg 14

FI1G. 3B

GALR1Y

&

3B
# &

o8,
-
# R

RN

-

o

SRELiss sty o industion}
%

%%



U.S. Patent Aug. 20, 2019 Sheet 5 of 29 US 10,385,098 B2

FIG. 3C

':9‘&»
&
¥R

B
£
%

[P

FI1G. 3D

&

ty {fold induction)
#® %
bt
%k

e
togiAgenist). W



U.S. Patent Aug. 20, 2019 Sheet 6 of 29 US 10,385,098 B2




US 10,385,098 B2

Sheet 7 of 29

Aug. 20, 2019

U.S. Patent

. 5A

FIG

YP dLI0 gAf2

dNY OWZ 4T3

WY

5B

FIG.




U.S. Patent Aug. 20, 2019 Sheet 8 of 29 US 10,385,098 B2

FIG. 6

i Frane : ?-th‘ & 3R '§ R4 BELE S ST

AP 05 ve . BT SPY MM, ot seasurshle




U.S. Patent Aug. 20, 2019 Sheet 9 of 29 US 10,385,098 B2

FIG. 7B

% IP3 production

o
b
mmﬁmm“
Frone Ouaatan '
PEGOuant g

ER+E = W

Time {h)



U.S. Patent Aug. 20,2019 Sheet 10 of 29 US 10,385,098 B2

FI1G. 7D

a3
P

® oNN-Cy

@ PEG-Qu

# FawoOu

% Frooe-Qu-aad

* Faoc-QudQh

I 2 FrooCudaian®

SRE-uc activity
{fold induction)
® B B

o
!' -

basal 10 @ £ F B %

Ligand[log, M ]

& gN'-Qu
# PEG-Cu
# FrmwoeQu
§ o gmw{}g}x&&*
® Proc-QudQ™
i me&ﬁ »@;@w?&

e il
g %

SRE-uc activity
{fold induction}
@

oo
bazal 10

5 s 1
Ligand [log . M ]




U.S. Patent Aug. 20, 2019 Sheet 11 of 29

US 10,385,098 B2

FEGQu

Frmoroidi

PonseAldOlE ] S4R¥

BIEAY

 PewoQudddQns 1 nsser )

EITY I

SwdAdad

: o s

a0.05 ve, BT OSEX wr s BI not deterained

FI1G. 9A

Food Intake |
. £ Vehisle
& o SR% Sy

Fgponist




U.S. Patent Aug. 20,2019 Sheet 12 of 29 US 10,385,098 B2

FI1G. 9B

Weight Gain

Vehicle s@x ﬁﬁiﬁ?

FIG. 9C
Food intake

EE ko %?@H@
smsé %,@&é

1 2 4 12 24
Hours



U.S. Patent Aug. 20,2019 Sheet 13 of 29 US 10,385,098 B2

FIG. 9D

Weight Gain

FI1G. 9E
Food Intake

G oy venisie
28 GALRY antagonist
s GALRZ sgonist

GALRZ antagoedst
+ ggtanist




U.S. Patent Aug. 20,2019 Sheet 14 of 29 US 10,385,098 B2

FI1G. 9F

Weight Gain




U.S. Patent Aug. 20, 2019 Sheet 15 of 29 US 10,385,098 B2

FIG. 10

Veh 0.4 $ 102

Gofs

Herge '

™ % o

Bt image

i

&

Vb 0w Am A



U.S. Patent Aug. 20,2019 Sheet 16 of 29 US 10,385,098 B2

FIG. 11A

L1 nsdin {5&:‘!&.&32 insulin GALRZ

FIG. 118

38

¥

POMOHIA mRNA rativ

Time after reatment ihy




U.S. Patent Aug. 20, 2019 Sheet 17 of 29 US 10,385,098 B2

FIG. 11C
o T

FIG. 11D
tsulin resistance, GALRZ agonist Ymild

.&

A% A6 M & %
togiRALRY sgonis ]l



U.S. Patent Aug. 20,2019 Sheet 18 of 29 US 10,385,098 B2

FIG. 11E
o-NEBH secration GALRZ sgonist tmid

%

A2 A0 8 p -
foglGALHZ agonistlid



US 10,385,098 B2

Sheet 19 of 29

Aug. 20, 2019

U.S. Patent

FIG. 12

et

i uade uisung

g % SIS <) i i
A

g 2 g o o

R e U0 15 IBRWNN

BUsS 000 IRIURD 10 HIGIINN



U.S. Patent Aug. 20,2019 Sheet 20 of 29 US 10,385,098 B2

FIG. 13A

0«8 min

15y

=

ot %

@ :

K E

T |

& % Ko

b=

Vehicle Vehic

£ 15

8

ol ]

@ 1{3._

= 1

g 54 %

% 3

&5 , _ :

R 1 SN I ¥ S
& Vehicle vehicle GALR2

Agonist
Stress
1%{}}

W
R
&

Total distance (m)
i S
2

o




U.S. Patent

Aug. 20,2019 Sheet 21 of 29

FI1G. 13B

5~10min

% Time in center (%)

% Distance in center {%)

Total distarce {m}

ps
o

fos
=

80

60

A

[ 0]

“vehide  Vehicde  GALRD

ﬁxgoms{

Stress

40.

204

US 10,385,098 B2

ghicle GALRZ
Agonist
Stress

“Vehice Vehice GALED?

e QOIS
Stress




U.S. Patent Aug. 20,2019 Sheet 22 of 29 US 10,385,098 B2

FIG. 14

Ve 9.4 u 4 u8 30

o408

Harge

£33

pet irgs




U.S. Patent Aug. 20,2019 Sheet 23 of 29 US 10,385,098 B2

FIG. 15A

Anxiety/fear
Amygdala




U.S. Patent Aug. 20,2019 Sheet 24 of 29 US 10,385,098 B2

FI1G. 158

Biorhythms
Suprachiasmatic

Nucleus (BUN)




U.S. Patent Aug. 20, 2019 Sheet 25 of 29 US 10,385,098 B2

FIG. 15C

Motor function
Substantia nigral SN}




U.S. Patent

Aug. 20, 2019 Sheet 26 of 29

FIG. 15D
Depression/reward/addiction

Ventral tegmental area

VIR

US 10,385,098 B2



U.S. Patent Aug. 20, 2019 Sheet 27 of 29 US 10,385,098 B2

FIG. 16

assen il
o

B

Yoks Buid o0

.

i

P
ety

EX- I

Bugips b rontunpdoning

C




U.S. Patent Aug. 20,2019 Sheet 28 of 29 US 10,385,098 B2

ARC DWH SH YA

HO0X

200X




U.S. Patent Aug. 20,2019 Sheet 29 of 29 US 10,385,098 B2

FIG. 18

Amygdala — Amygdala

e
P
<3

SRR sy

SRR s
B .

gty

nests
¥4

i
%5
>

P
<

Eresl
LU o I

2]

>

S
o
e

o2
o

[N
¥ oE

ven GALR2 Veli GALRE
{18 ag:g;&si {3} agouist
5) o &

o-Fos positive neurons

w0

pes inage
<,
p
=Fos posdive neutong
par inuge

=

Arcuate nucleus ' Arcuate nucleus

% K.

e-Fos positive neurons
e-Fos pogile pewans

Vet GALRE  yenGALR?
& ﬁﬁ?gﬁ G {3 sgonist




US 10,385,098 B2

1
AGONIST OF SPEXIN-BASED GALANIN
TYPE 2 RECEPTOR AND USE THEREOF

REFERENCE TO A SEQUENCE LISTING
SUBMITTED ELECTRONICALLY

The content of the electronically submitted sequence
listing (Name: 3763_0080001_Seqlisting_ST25.txt; Size:
17,330 bytes; and Date of Creation: Mar. 25, 2019) submit-
ted in this application is incorporated herein by reference in
its entirety.

TECHNICAL FIELD

The present invention relates to spexin-based agonists
specific for galanin receptor type 2 (GALR2) and their use
for preventing or treating GALR2-mediated diseases.

BACKGROUND ART

The novel neuropeptide spexin (Spexin/NQ/NPQ/SPX),
which is encoded by the C120rf39 (chromosome 12 open
reading frame 39) gene, was originally discovered using
bioinformatics tools. The mature spexin peptide sequence
consists of 14 amino acids formed as a result of cleavage of
dibasic amino acids by a proprotein convertase and is very
well conserved in typical vertebrate species as well as
humans [Mirabeau et al., Gerome Res, 2007, 17:320-327].
Spexin expression at the mRNA and/or protein level has
been documented in brain regions and peripheral tissues of
several species such as humans, mice, and goldfish, sug-
gesting multiple physiological functions of spexin in verte-
brates. Recently, spexin was implicated in regulation of
feeding behaviors and related metabolic processes. Spexin
mRNA levels are markedly decreased in the fat of obese
humans, and administration of spexin leads to weight loss in
diet-induced obese rodents. Spexin also suppresses appetite
in goldfish. Recent reports have shown that spexin stimu-
lates intestinal muscle contraction to induce bowel move-
ments, is expressed in human endocrine and epithelial
tissues, and is associated with glycometabolism and lipom-
etabolism from its reduced level in patients with type 2
diabetes. In addition, spexin is likely involved in reproduc-
tion, cardiovascular/renal function, and nociception.
[Waleski et al., Obesity 2014, 22:1643-1652; Wong et al.,
Am J Physiol Endocrinol Metab, 2013, 305:E348-366; Liu
et al.,, Mol Cel Endocrinol, 2013, 374:65-72; Toll et al.,
FASEB J, 2012, 26:947-954; Lin et al,, Sci Rep, 2015,
5:12095; Gu et al., Peptides, 2015, 71:232-239]. The precise
roles of spexin in these processes, however, are not well
understood due to a lack of information on the spexin
receptor. Recently, the present inventors demonstrated that
spexin is an endogenous ligand that acts at galanin receptor
(hereinafter referred to as “GALR”) types 2 and 3 but not at
GALRI1, while galanin activates all three receptor subtypes.
Indeed, it can be considered that galanin shares activity on
GALR2 in common with spexin because of its very low
potency for GALR3 [Kim et al., Endocrinology, 2014,
155:1864-1873].

The spexin and galanin genes likely emerged through a
local duplication from a common ancestor gene, and as a
result, their mature peptides share several conserved resi-
dues, including Trp?, Thr’, Tyr’, and Gly'? [Kim et al.,
Endocrinology, 2014, 155:1864-1873]. Like spexin, galanin
is widely expressed in the central nervous system and
peripheral tissues. The actions of spexin and galanin in
appetite behavior and reproduction, however, appear to
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oppose each other. For instance, levels of galanin are sig-
nificantly higher in obese women, and galanin administra-
tion or overexpression in genetically engineered mice results
in an increase in food intake. Thus, galanin appears to be
orexigenic, while spexin is anorexic. Administration of
galanin-like peptide stimulates luteinizing hormone (LH)
secretion, while spexin administration attenuates LH secre-
tion in the goldfish [Barnowska et al., Metabolism, 1997,
46:1384-1389; Rada et al., Alcohol, 2004, 33:91-97; Cas-
tellano et al., Am J Physiol Endocrinol Metab, 2006, 291:
E1281-1289; Liu et al., Mol Cel Endocrinol, 2013, 374:65-
72]. These opposing effects are likely due to GALR receptor
subtype-specific signaling pathways. Specifically, GALR1
and GALR3 induce inhibitory G,-coupled signaling, while
GALR2 triggers stimulatory Gg-coupled signaling [ Webling
et al., Front Endocrinol, 2012, 3:146].

Studies on GALR2-mediated phenotypes have been made
through attempts to develop receptor gene knockout (KO)
mice and agonists and antagonists selectively acting on the
receptor. In GALR2 KO mice, no unusual abnormalities
with respect to sensory function, feeding behavior, repro-
duction, mood, learning and memory were reported. Later
then, anxiety- and depression-related behaviors were dem-
onstrated in GALR2 KO mutants. This phenotype was
similar to that observed in GALR1 KO mice; however, this
GALR2-mediated effect is likely the opposite of the GALR3
effect, as GALR3-specific antagonists decrease anxiety and
induce depression-like behavior [Gottsch et al., Mol Cell
Biol, 2005, 25:4804-4811; Bailey et al., Pharmacol Biochem
Behav, 2007, 86:8-20; Lu et al., Neuropeptides, 2008,
42:387-397; Holmes et al.,, Neuropsychopharmacology,
2003, 28:1031-1044; Swanson et al., Proc Natl Acad Sci
USA, 2005, 102:17489-17494]. GALR2 deficiency resulted
in developmental loss of dorsal root ganglion neurons and
microinjection of a GALR2-specific agonist into the spinal
cord induced allodynic effects, suggesting a possible role in
pain behavior. Involvement of GALR2 in the mesolimbic
reward system has been reported; galanin decreases the
amplitude of excitatory postsynaptic potential in dorsal
striatum and nucleus accumbens, and this effect is absent in
GALR2 KO mice. In the central amygdala, galanin, through
binding of the GALR2, decreases the amplitudes of
GABAergic inhibitory postsynaptic potentials. Activation of
GALR?2 protects the hippocampus from neuronal damage
through the phosphorylation of the serine/threonine kinase
Akt [Shi et al., Eur J Neurosci, 2006, 23:627-636; Liu et al.,
Proc Natl Acad Sci USA, 2001, 98:9960-9964; Einstein et
al., Eur J Neurosci 2013, 37:1541-1549; Bajo et al., Addict
Biol, 2012, 17:694-705; Elliotte-Hunt et al., ] Neurochem,
2007, 100:780-789]. Such GALR2-mediated phenomena
function in opposition, in concert, or independently of
GALR1 and GALR3-mediated phenomena. Nevertheless,
these observations suggest the possible involvement of
GALR2s in learning and memory, pain, anxiety, and mood
disorders.

Several attempts have been made to develop GALR
receptor subtype-specific agonists. A galanin fragment con-
sisting of the amino acid residues at positions 2-11 of
galanin, GAL (2-11), was first developed as a GALR2
selective agonists, but further studies unfortunately revealed
that this fragment has similar affinity for the GALRS3.
Several GALR2-specific agonists, which were generated by
modification at the N-terminus and/or C-terminus of gala-
nin, have been reported over the years. Of these, M1145 and
M1153 were found to exhibit GALR2 selectivity with
50-100-fold binding preference for GALR2 compared to
GALR1 and GALR3; however, at high concentrations, these
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agonists retain substantial affinity for GALR1 and GALR3
[Liu et al., Proc Natl Acad Sci USA, 2001, 98:9960-9964;
Lu et al., Neuropeptides, 2005, 39:165-167; Webling et al.,
Front Endocrinol, 2012, 3:146; Runesson et al., Neuropep-
tides, 2009, 43:187-192; Saar et al., Neurochrm Int, 2011,
6:714-720].

Despite numerous efforts to develop several species of
galanin receptor subtype-specific agonists in the previous
studies, treatment with high concentrations of the agonists
was found to cause specificity problems. Under these cir-
cumstances, there arises a need to elucidate GALR subtype-
specific mediated physiological functions in the develop-
ment of receptor subtype-specific agonists.

Thus, the present inventors have succeeded in developing
improved agonists by identifying the reactivity between
spexin and GALR?2 through sequencing and substitution of
the constituent amino acids of galanin and spexin and
increasing the stability of the agonists, and in elucidating the
physiological functions of the agonists when administered to
animals, achieving the present invention.

DETAILED DESCRIPTION OF THE
INVENTION

Problems to be Solved by the Invention

The present invention is aimed at providing peptide-based
galanin receptor type 2 agonist with enhanced selectivity for
galanin receptor type 2 and increased stability in blood.

The present invention is also aimed at providing the
pharmaceutical use of the peptide-based galanin receptor
type 2 agonists for preventing or treating galanin receptor
type 2-mediated diseases.

Means for Solving the Problems

One aspect of the present invention provides a peptide-
based galanin receptor type 2 agonist having the amino acid
sequence set forth in formula 1:

[dNT' W [TP[PT [NI[A]TAV LI [YI°[L] °[F]*

[G]*[P]**[Q]"*-NH, M

wherein one or more amino acids in formula 1 are
optionally substituted; and

wherein, in formula 1, [dN]* represents D-asparagine and
may be replaced with one of pyroglutamate (pQ), citrulline
(Cit), L-asparagine (N), and glycine (G) or may be replaced
with asparagine protected with polyethylene glycol (PEG),
an acetyl (Ac) group or Fmoc,

[W]?* may be replaced with D-tryptophan (dW) or a
2-naphtyl group,

[T]® may be replaced with alanine (A) or lysine (K),

[P]* may be replaced with D-alanine (dA) or D-valine
(dV),

[N]° may be replaced with glutamine (Q),

[A]° may be replaced with D-alanine (dA),

[A]” may be replaced with methionine (M),

[F]®* may be replaced with lysine (K), leucine (L) or
tyrosine (Y),

[P]° may be replaced with D-alanine (dA) or alanine (A),

[Q]*° may be replaced with D-glutamine (dQ) or histidine
H).

Preferably, the agonist has any one of the amino acid
sequences set forth in formulas: 2 to 4:
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(2)
ANWTPNAALYLFGPQ-NH,

(3)
PEG- NWTdANAALYLFGPAQ-NH,

(4)
Fmoc -NWTAANAALYLFGPAQ-NH,

A further aspect of the present invention provides a
composition for preventing or treating a galanin receptor
type 2-mediated disease including the peptide-based galanin
receptor type 2 agonist.

Another aspect of the present invention provides a method
for preventing or treating a galanin receptor type 2-mediated
disease including administering a pharmaceutically effective
amount of the composition to a subject in need of such
prevention or treatment.

Effects of the Invention

The peptide-based agonists of the present invention have
high specificity for galanin receptor type 2 and improved
stability. The peptide-based agonists are involved in the
regulation of in vivo physiological functions, such as food
intake, anxiety, emotion, and addiction, for which galanin
receptors type 2 is responsible, to effectively suppress appe-
tite, help recover from anxiety disorder, and reduce pleasure
addiction. Therefore, the peptide-based agonists can be used
to prevent or treat galanin receptor type 2-mediated diseases.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 compares the amino acid sequences of both human
spexin (“Hu_SPX1”; SEQ ID NO: 6) and coelacanth spexin
(“Co_SPX2”; SEQ ID NO: 5) with that of human galanin
(“Hu_GAL”; SEQ ID NO: 3) and human galanin-like pep-
tide (“Hu_GALP”; SEQ ID NO: 4), and shows mutation
positions and modifications of the amino acids in the
sequences.

FIGS. 2A and 2B are lists of spexin-based mutant peptides
whose sequences include mutation, substitution, and modi-
fication of one or more amino acids. In FIG. 2A, the
following sequences are provided: (1) h/m SPX (SEQ ID
NO: 8); (2) [dN']-SPX (SEQ ID NO: 9); (3) [pQ']-SPX
(SEQ ID NO: 10); (4) [Ac-N']-SPX (SEQ ID NO: 11); (5)
[G']-SPX (SEQ ID NO: 12); (6) [dW?]-SPX (SEQ ID NO:
13); (7) [2Nal’]-SPX (SEQ ID NO: 14); (8) [dT?]-SPX
(SEQ ID NO: 15); (9) [A®]-SPX (SEQ ID NO: 16); (10)
[K?]-SPX (SEQ ID NO: 17); (11) [dA*]-SPX (SEQ ID NO:
18); (12) [E*]-SPX (SEQ ID NO: 19); (13) [L*]-SPX (SEQ
ID NO: 20); (14) [R*]-SPX (SEQ ID NO: 21); (15) [dV*]-
SPX (SEQ ID NO: 22); (16) [N°]-SPX (SEQ ID NO: 23);
(17) [dA%]-SPX (SEQ ID NO: 24); (18) [A7]-SPX (SEQ ID
NO: 25); (19) [G®*]-SPX (SEQ ID NO: 26); (20) [Q®]-SPX
(SEQ ID NO: 27); (21) [F®]-SPX (SEQ ID NO: 28); (22)
[dY®]-SPX (SEQ ID NO: 29); (23) [dL'°]-SPX (SEQ ID
NO: 30); (24) [F'']-SPX (SEQ ID NO: 31); (25) [L'']-SPX
(SEQ ID NO: 32); and (26) [Y'']-SPX (SEQ ID NO: 33). In
FIG. 2B, the following sequences are provided: (27) [dK'']-
SPX (SEQ ID NO: 34); (28) [AK'']-SPX (SEQ ID NO: 35);
(29) [D*]-SPX (SEQ ID NO: 36); (30) [dA'?]-SPX (SEQ
ID NO: 37); (31) [dA"®]-SPX (SEQ ID NO: 38); (32)
[P13]-SPX (SEQ ID NO: 39); (33) [dQ'*]-SPX (SEQ ID
NO: 40); (34) [H'*-SPX (SEQ ID NO: 41); (35) [PEG]-
SPX (SEQ ID NO: 42); (36) Cyclic-SPX (SEQ ID NO: 43);
(37) [Cit']-SPX (SEQ ID NO: 44); (38) [Fmoc]-SPX (SEQ
ID NO: 45); (39) [Fmoc-dT?]-SPX (SEQ ID NO: 46); (40)
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SPX-M40 (SEQ ID NO: 47); (41) [A7][F'']-SPX (SEQ ID
NO: 48); (42) [RM][F'?]-SPX (SEQ ID NO: 49); (43)
[N°[A7][F'']-SPX (SEQ ID NO: 50); (44) [N°][A7][F"]
[P'*]-SPX (SEQ ID NO: 51); (45) [N*][A7][F|[H'*]-SPX
(SEQ ID NO: 52); (46) PEG2-SPX (SEQ ID NO: 53); (47)
[3-NO2_Y9]-SPX (SEQ ID NO: 54); (48) [Fmoc-Qu]-SPX
(SEQ ID NO: 55); (49) [Fmoc-Qu-dQ'#]-SPX (SEQ ID NO:
56); (50) [Fmoc-Qu-dA*-SPX (SEQ ID NO: 57); (51)
[Fmoc-Qu-dA*-dQ'*]-SPX (SEQ ID NO: 58); and (52)
[PEG-Qu-dA*-dQ'*]-SPX (SEQ ID NO: 59).

FIG. 3A shows potencies of spexin-based single mutant
peptides toward GALR2 and GALR3.

FIG. 3B shows potencies of spexin-based single (N°),
double (A7F'), triple (N°A’F'), and quadruple
(N°A’F''P®) mutant peptides toward GALRI.

FIG. 3C shows potencies of spexin-based single (N°),
double (A’F'), triple (N°AFM), and quadruple
(N°A’F''P®) mutant peptides toward GALR2.

FIG. 3D shows potencies of spexin-based single (N°),
double (A’F'), triple (N°A’FM), and quadruple
(N°AF''P*®) mutant peptides toward GALR3.

FIG. 4 shows quantified potencies of spexin-based mutant
peptides toward GALR2 and GALR3.

FIG. 5A shows potencies of D-amino acid-substituted
spexin-based mutant peptides toward GALR2 and GALR3.

FIG. 5B shows potencies of [Asn']-substituted/modified
spexin-based mutant peptides toward GALR2 and GALR3.

FIG. 6 shows quantified potencies of D-amino acid-
substituted and [Asn']-substituted/modified spexin-based
mutant peptides toward GALR2 and GALR3.

FIG. 7A shows stabilities of spexin-based mutant peptides
in the presence of 100% PBS.

FIG. 7B shows stabilities of spexin-based quadruple
mutant peptides (Qu analogs) in the presence of 100% PBS.

FIG. 7C shows stabilities of spexin-based quadruple
mutant peptides (Qu analogs) in human serum.

FIG. 7D shows the potencies of spexin-based quadruple
mutant peptide analogs toward a galanin receptor in the
HEK293-G, stable cell line expressing GALR2.

FIG. 7E shows potencies of spexin-based quadruple
mutant peptide analogs toward a galanin receptor in the
HEK293-G, stable cell line expressing GALR3.

FIG. 8 shows quantified stabilities of spexin-based mutant
peptides in 100% FBS and human serum.

FIG. 9A shows regulatory effects of a GALR2 agonist and
spexin on feeding behaviors.

FIG. 9B shows regulatory effects of a GALR2 agonist and
spexin on changes in body weight.

FIG. 9D shows regulatory effects of different concentra-
tions of a GALR2 agonist on feeding behaviors.

FIG. 9D shows regulatory effects of different concentra-
tions of a GALR2 agonist on changes in body weight.

FIG. 9E shows regulatory effects of a GALR2 agonist and
a GALR2 antagonist on feeding behaviors.

FIG. 9F shows regulatory effects of a GALR2 agonist and
a GALR2 antagonist on changes in body weight.

FIG. 10 shows an increase in the activity of neurons in the
arcuate nucleus by treatment with different concentrations of
a GALR2 agonist.

FIG. 11 A shows regulatory effects of a GALR2 agonist on
intracellular signaling.

FIG. 11B shows stimulatory effects of a GALR2 agonist
on POMC gene expression.

FIG. 11C shows regulatory effects of a GALR2 agonist on
-MSH secretion.

FIG. 11D shows regulatory effects of a GALR2 agonist on
-MSH secretion in insulin resistance.
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FIG. 11E shows regulatory effects of a GALR2 agonist at
different concentrations on -MSH secretion.

FIG. 12 shows the time in open arm (%, top), the number
of open arm entry (middle), and number of center crossing
(bottom) in a plus maze for animal models, which were
measured by the EPM test to investigate the therapeutic
effects of a GALR2 agonist on anxiety disorder in the animal
models.

FIGS. 13A and 13B shows the times in center (%),
distances in center (%), and total distances for 10 min (0-5
min in FIG. 13A and 5-10 min in FIG. 13B) for experimental
animals, which were measured by the open field test (OFT)
to investigate the therapeutic effect of a GALR2 agonist on
movement and anxiety of the animal models.

FIG. 14 shows an increase in the activity of neurons in the
amygdala by treatment with different concentrations of a
GALR?2 agonist.

FIGS. 15A to 15D show increases in the activity of
neurons in brain regions other than the amygdala by treat-
ment with a GALR2 agonist.

FIG. 16 shows effects of a GALR2 agonist on addiction
reduction in animal models, which were investigated by
measuring the percentage of sucrose consumed in total fluid
(top), total fluid consumption (middle), and 1% sucrose
consumption (bottom) for 2 days using the sucrose prefer-
ence test (SPT).

FIG. 17 shows immunohistochemistry (IHC) results of
FITC-spexin delivered to the brain tissues of mouse models
via nasal inhalation.

FIG. 18 shows increases in the activity of neurons in the
amygdala and arcuate nucleus when a GALR agonist was
delivered via nasal inhalation as an effective delivery route.

BEST MODE FOR CARRYING OUT THE
INVENTION

The present invention will now be described in detail.

The present invention is directed to a peptide-based
galanin receptor type 2 agonist having the amino acid
sequence set forth in formula 1:

[dNT' WP [T [PT* NI [A]TAT[LI[Y1[L]TFT

G1*[P1"*[Q]**-NH, M

wherein one or more amino acids in formula 1 are
optionally substituted; and

wherein, in formula 1, [dN]* represents D-asparagine and
may be replaced with one of pyroglutamate (pQ), citrulline
(Cit), L-asparagine (N), and glycine (G) or may be replaced
with asparagine protected with polyethylene glycol (PEG),
an acetyl (Ac) group or Fmoc,

[W]* may be replaced with D-tryptophan (dW) or a
2-naphtyl group,

[T]® may be replaced with alanine (A) or lysine (K),

[P]* may be replaced with D-alanine (dA) or D-valine
(dV),

[N]® may be replaced with glutamine (Q),

[A]® may be replaced with D-alanine (dA),

[A]” may be replaced with methionine (M),

[F]®* may be replaced with lysine (K), leucine (L) or
tyrosine (Y),

[P]° may be replaced with D-alanine (dA) or alanine (A),

[Q]'° may be replaced with D-glutamine (dQ) or histidine
().

Preferably, the agonist has any one of the amino acid
sequences set forth in formulas: 2 to 4:
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(2)
ANWTPNAALYLFGPQ-NH,

(3)
PEG- NWTAANAALYLFGPAQ- NH,

(4)
Fmoc -NWTAANAALYLFGPAQ-NH,

The galanin receptor type 2 agonist of the present inven-
tion selectively acts on galanin receptor type 2 (hereinafter
referred to as ‘GALR2’) and is long-acting.

In the Examples section that follows, galanin and spexin
present in various vertebrate species were confirmed to share
tryptophan at position 2 [Trp®], tyrosine at position 9 [Tyr’],
leucine at position 10 [Leu'®], and glycine at position 12
[Gly*?] in common when their amino acid sequences were
compared. Mutant peptides were prepared by replacing the
same amino acids of spexin and galanin with the corre-
sponding D-amino acids. Mutant peptides were prepared by
replacing the specific amino acids of spexin with the corre-
sponding amino acids of galanin. Mutant peptides were
prepared by replacing the 14 amino acids of spexin with
different amino acids or the corresponding D-amino acids.
Changes in the activity of the mutant peptides on galanin
receptors were observed.

The HEK293-G,, stable cell line was employed to observe
changes in the activity of the mutant peptides on galanin
receptors. The HEK293-G,, stable cell line is a cell line in
which the C-terminus of G, is substituted with 3 amino acids
of G; to convert the signals of G, to G, signaling pathways.
G proteins are heterotrimers, each of which consists of a-,
[-, and y-subunits. The c.-subunit is involved in intracellular
signal transduction. The a-subunit may be of s-type (Gas),
i-type (Gai) or g/11-type. The s-type a-subunit activates
adenyl cyclase as an intracellular enzyme to produce cAMP,
the universal second messenger, from ATP and activates
protein kinase A (PKA). In contrast, the i-type a-subunit
sends signals suppressing the activity of adenyl cyclase and
the g/11-type a-subunit increases the intracellular level of
calcium or activates protein kinase C (PKC). GALR sub-
types 1 and 3 induce inhibitory G,-coupled signaling, while
GALR subtype 2 triggers stimulatory G,-coupled signaling.
This difference explains the use of the HEK293-G; stable
cell line in which the C-terminus of G is substituted with 3
amino acids of G; to convert the signals of G, to G, signaling
pathways.

When changes in the activity of the mutant peptides on
galanin receptors were measured, the quadruple mutant
(NA’F''P*? or Qu) in which the amino acids at positions 5,
7,1, and 13 (alanine) were replaced with asparagine [Asn’],
alanine [Ala’], phenylalanine [Phe'!], and proline [Pro'®],
respectively, maintained its potency toward GALR2 at a
level comparable to that of spexin but lost its potency toward
GALRS3 (see FIGS. 3A to 3D and FIG. 4). The introduction
of the amino acids of galanin into spexin did not induce the
potency toward GALR1, indicating specificity of the corre-
sponding amino acids for the activation of GALR2.

The purpose of D-amino acid substitution is to identify
important residues that are responsible for receptor activa-
tion and to protect the peptide from attacks by a large variety
of proteases present in serum. The D-amino acid substitution
of the amino acids at other positions except the amino acid
at position 1 of spexin resulted in a loss of potency toward
the galanin receptors. However, the substitution of aspara-
gine at position 1 [Asn'] of spexin with the corresponding
D-amino acid [dN"] slightly increased the potency toward
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8
both GALR2 and GALR3 (FIGS. 5A and 5B and FIG. 6).
Such changes show that the substitution of the amino acid at
position 1 of spexin affords the possibility of developing
stable agonists against proteases in serum.

Thus, asparagine at position 1 [Asn'] of spexin was
replaced with pyroglutamate (pQ), citrulline (Cit), Fmoc,
etc. or the N-terminus of spexin was polyethylene glycoly-
lated (PEG) or acetylated. Such modifications had no influ-
ence on the potencies toward GALR2 and GALR3, similarly
to the D-amino acid substitutions (FIGS. 5A and 5B, and
FIG. 6). This strongly suggests that the substitution of the
amino acid at position 1 of spexin increases the stability
against proteases in serum while having no influence on the
potency toward GALR.

In the Examples section that follows, the potencies of the
peptide-based GALR2 agonists of the present invention
toward GALR2 in serum were determined via IP3 produc-
tion in GALR2-expressing cells to investigate the stability of
the peptide-based GALR2 agonists.

As a result, it was found that the potency of spexin was
reduced very rapidly to 80% or less within 12 h but the
mutant peptides underwent less reduction in IP3 production
than spexin (FIGS. 7A to 7E and 8) and were more slowly
degraded in serum than spexin, indicating their better sta-
bility in serum. Thus, a quadruple mutant (dN1-Qu) and
sextuple mutants (PEG-QudA“*dQ'* (PEG-se) and Fmoc-
QudA*dQ™* (Fmoc-se)) with increased stability and speci-
ficity for GALR2 were finally developed (FIGS. 7A to 7E
and 8).

The effects of the GALR2 agonists were investigated by
the following procedure. First, a cannula was inserted into
the third ventricle of animal models. After administration of
each GALR?2 agonist, changes in the weight and diet of the
animals were compared. As a result, the food intake was
significantly decreased in the animal models administered
the GALR2 agonist compared to in the animal models
administered spexin. This feed intake decrease induced a
weight loss (FIGS. 9A to 9D). The GALR2 agonist was
found to be effective in decreasing feed intake and body
weight in a concentration-dependent manner. The effects of
the GALR2 agonist disappeared by the administration of
commercially available GALR2 antagonist M871 (FIGS. 9E
to 9F).

The administration of the GALR agonist to the ventricle
was found to increase the activity of neurons in the arcuate
nucleus known to regulate appetite through c-fos antibody
(FIG. 10).

When POMC neurons known to regulate feeding in the
brain were cultured in vitro and treated with the GALR2
agonist, the pERK pathway was phosphorylated. This is
different from the insulin-induced effect, indicating that the
GALR2-induced effect acts through a pathway different
from the insulin-induced effect (FIG. 11A). In addition, the
POMC gene and a-MSH were increased by treatment with
the GALR2 agonist (FIGS. 11B to 11E).

Therefore, the GALR2 agonist can be used as a drug that
suppresses feeding behaviors to treat obesity.

Next, the effect of the GALR2 agonist on recovery from
anxiety disorder was investigated. To this end, a cannula was
inserted into the lateral ventricle of animal models and the
EPM test was conducted to measure anxiety/obsession.
When the GALR2 agonist was administered, there was a
difference in the number of center crossing but anxiety was
reduced (FIG. 12), which were also demonstrated by the
OFT (FIG. 13). An increase in the activity of neurons was
observed in the amygdala, an anxiety-regulating brain
region, when the GALR2 agonist was administered (FIG.
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14). There was no increase in the activity of neurons in other
brain regions (FIG. 15). Therefore, the GALR2 agonist can
be used as a drug for treating anxiety disorder.

Further, the effect of the GALR2 agonist on addiction
reduction was investigated. To this end, a cannula was
inserted into the lateral ventricle of animal models and the
SPT was conducted to measure addiction. As a result, the
sucrose consumption was considerably reduced, indicating
reduced addiction to sweetness (FIG. 16). The reduced
consumption of sucrose as an energy source can mean
reduced appetite or feeding behaviors. Therefore, the
GALR2 agonist can be used as a therapeutic agent for
addiction and eating disorder.

In order for peptidergic drugs to be delivered to the body
and act on the brain, drug delivery vehicles capable of
penetrating the blood brain barrier (BBB) should be intro-
duced. Drugs can be delivered intracerebrally via nasal
inhalation without the need to develop small molecules
penetrating the blood brain barrier.

For nasal inhalation of spexin, fluorescent spexin was
combined with propylene glycol and administered to the
nose of animal models. As a result, punctates were found in
the arcuate nucleus (ARC) region known to regulate appetite
and the substantia nigra-ventral tegmental area (SN-VTA)
known to be involved in emotion regulation (FIG. 17). The
nasal inhalation was observed to induce the activity of
neurons in the amygdala and arcuate nucleus, like ventricu-
lar injection in the two brain regions (FIG. 18). This suggests
that nasal inhalation can be used for intracerebral delivery of
peptidergic drugs and the GALR2 agonist prepared by
amino acid substitution of spexin can be developed as a
therapeutic agent for eating- and emotion-related diseases.

The GALR2 agonist of the present invention can be
synthesized by a suitable method known in the art, including
chemical synthesis (W. H. Freeman and Co., Proteins;
structures and molecular principles, 1983). Specific
examples of such methods include, but are not limited to,
solution phase peptide synthesis, solid-phase peptide syn-
thesis, fragment condensation, and F-moc or T-BOC chem-
istry.

The GALR2 agonist of the present invention can be
prepared by a gene engineering technique. First, a DNA
sequence encoding the peptide is constructed according to a
conventional method. The DNA sequence may be con-
structed by PCR amplification using appropriate primers.
Alternatively, the DNA sequence may also be synthesized
using a standard apparatus known in the art, for example, an
automated DNA synthesizer (commercially available from
Biosearch or Applied losystems). Then, the constructed
DNA sequence is inserted into a vector including one or
more expression control sequences (for example, promotors
and enhancers) which are operatively linked to the DNA
sequence. Not that the expression control sequences regulate
the expression of the DNA sequence. A host cell is then
transformed with the resulting recombinant expression vec-
tor. The resulting transformants are cultured under a medium
and culture conditions suitable to induce the expression of
the DNA sequence. Then, a substantially pure peptide
encoded by the DNA sequence is recovered from the cell
culture. The recovery of peptide can be carried out by a
conventional method known in the art (for example, chro-
matography). As used herein, the term “substantially pure
peptide” means that the peptide of the present invention is
substantially free from any other proteins derived from the
host. The genetic engineering method for synthesis of the
peptide of the present invention can be found in the follow-
ing literature: Maniatis et al., Molecular Cloning; A labora-
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tory Manual, Cold Spring Harbor laboratory, 1982; Sam-
brook et al., Molecular Cloning: A Laboratory Manual,
ColdSpring Harbor Press, N.Y., Second (1998) and Third
(2000) Edition; Gene Expression Technology, Method in
Enzymology, Genetics and Molecular Biology, Method in
Enzymology, Guthrie & Fink (eds.), Academic Press, San
Diego, Calif., 1991; and Hitzeman et al., J. Biol. Chem.,
255:12073-12080, 1990.

The present invention also provides a composition for
preventing or treating a galanin receptor type 2-mediated
disease including the peptide-based galanin receptor type 2
agonist.

The galanin receptor type 2-mediated disease may be
attention deficit hyperactivity disorder (ADHD), bipolar
disorder, body dysmorphic disorder, bulimia nervosa and
other eating disorders, cataplexy, dysthymia, general anxiety
disorder, hypersexuality, irritable bowel syndrome, impulse-
control disorder (MDD), kleptomania, migraine, major
depressive disorder, narcolepsy, obsessive-compulsive dis-
order, oppositional-defiant disorder, panic disorder, post-
traumatic stress disorder (PTSD), premenstrual dysphoric
disorder (PMDD), social anxiety disorder, chronic pain,
intermittent explosive disorder, pathological gambling, per-
sonality disorder, pyromania, substance abuse and addiction,
trichotillomania or Alzheimer’s disease. Preferably, the
GALR?2 agonist of the present invention is used to prevent
or treat bulimia nervosa, eating disorder, obesity disorder,
general anxiety disorder, post-traumatic stress disorder.
obsessive-compulsive disorder, panic disorder, social anxi-
ety disorder, substance abuse and addiction or Alzheimer’s
disease.

The pharmaceutical composition of the present invention
may further include a pharmaceutically acceptable carrier.

Suitable pharmaceutically acceptable carriers include car-
riers and vehicles commonly used in the art. Specific
examples of pharmaceutically acceptable carriers include,
but are not limited to, ion exchange resins, alumina, alumi-
num stearate, lecithin, serum proteins (e.g., human serum
albumin), buffer substances (e.g., various phosphates, gly-
cine, sorbic acid, potassium sorbate, and partial glyceride
mixtures of saturated vegetable fatty acids), water, salts or
electrolytes (e.g., protamine sulfate, disodium hydrogen
phosphate, potassium hydrogen phosphate, sodium chloride,
and zinc salts), colloidal silica, magnesium trisilicate, poly-
vinyl pyrrolidone, cellulose-based substances, polyethylene
glycol, sodium carboxymethylcellulose, polyarylates,
waxes, polyethylene glycol, and wool fat.

The composition of the present invention may further
include a lubricating agent, a wetting agent, an emulsifying
agent, a suspending agent or a preservative.

In one embodiment, the composition of the present inven-
tion may be prepared into an aqueous solution for parenteral
administration, preferably a buffer such as Hank’s solution,
Ringer’s solution or physiologically buffered saline. Aque-
ous injection suspensions may contain substances that
increases the viscosity of the suspensions, such as sodium
carboxymethyl cellulose, sorbitol or dextran.

The composition of the present invention may be admin-
istered systemically or locally. For such administration, the
composition may be prepared into appropriate formulations
by techniques known in the art. For example, the composi-
tion for oral administration may be mixed with an inert
diluent or an edible carrier, sealed in a hard or soft gelatin
capsule, or compressed into tablets. The active compound
may be mixed with a suitable excipient and used in the form
of ingestible tablets, buccal tablets, troches, elixirs, suspen-
sions, syrups, and wafers for oral administration.
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For injection or parenteral administration, the composi-
tion may be prepared into an injectable freeze-dried powder
or solution by a suitable technique known or commonly used
in the art. The GALR2 agonist is freeze-dried and stored
before use due to its high solubility in saline or buffer. Just
before administration, an effective amount of the GALR2
agonist is dissolved in saline or buffer to prepare a solution
suitable for intravenous administration, subcutaneous
administration, intramuscular administration, intraperitoneal
administration or transdermal administration. More prefer-
ably, the composition is prepared into a formulation for
intranasal administration for brain delivery.

The effective amount of the active ingredient of the
pharmaceutical composition according to the present inven-
tion refers to an amount required to prevent, prevent or
ameliorate the intended disease.

Accordingly, the effective amount will depend on a vari-
ety of factors, including the kind and severity of the disease
being treated, the kinds and contents of the active ingredient
and other ingredients of the composition, the type of the
formulation, the age, body weight, general health, sex, and
diet of the patient, the time and route of administration, the
rate of secretion of the composition, the duration of treat-
ment, and combination with others drugs.

The dose and administration frequency of the active
ingredient are not limited. For example, the active ingredient
may be administered in an amount of 0.01 to 100 mg/kg,
preferably 0.1 to 10 mg/kg for an adult. The active ingre-
dient may be administered one to three times daily.

The present invention also provides a method for pre-
venting or treating a galanin receptor type 2-mediated dis-
ease including administering a pharmaceutically effective
amount of the composition to a subject in need of such
prevention or treatment.

The pharmaceutical composition used in the method for
treating a galanin receptor type 2-mediated disease and its
mode of administration have been described above and a
description thereof is omitted to avoid complexity.

According to the method of the present invention, the
composition may be administered to any subject in need of
such prevention or treatment.

Subjects to which the pharmaceutical composition can be
administered include all animals, for example, humans, pigs,
gorillas, monkeys, dogs, cats, mice, and other mammals.

The kind of the galanin receptor type 2-mediated disease
is the same as that described above.

MODE FOR CARRYING OUT THE INVENTION

The advantages and features of the present invention and
methods for achieving them will become more apparent
from the following embodiments that are described in detail
below. However, the present invention is not limited to the
illustrated embodiments and may be embodied in various
different forms. Rather, the disclosed embodiments are pro-
vided so that the disclosure of the present invention will be
thorough and complete, and will fully convey the scope of
the invention to those skilled in the art to which the present
invention pertains. The scope of the present invention is
defined by the claims that follow.

<Example 1> Development of GALR Type
2-Specific Stable Agonists by Amino Acid
Substitution of Spexin

The amino acid sequences of spexinl, spexin2, galanin,
and galanin-like peptides were compared to develop ago-
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nists that selectively act on GALR2 and are long-acting. The
amino acid sequences were downloaded from Ensembl
(http://www.ensembl.org/index.html). Of these amino acid
sequences, mature sequences were compared. Galanin and
spexin present in various vertebrate species were confirmed
to share tryptophan at position 2 [Trp?], tyrosine at position
9 [Tyr’], leucine at position 10 [Leu'°], and glycine at
position 12 [Gly'?] in common when their amino acid
sequences were compared. Mutant peptides were prepared
by replacing the same amino acids of spexin and galanin
with the corresponding D-amino acids. Mutant peptides
were prepared by replacing the specific amino acids of
spexin with the corresponding amino acids of galanin.
Mutant peptides were prepared by replacing the 14 amino
acids of spexin with different amino acids or the correspond-
ing D-amino acids. Changes in the activity of the mutant
peptides on galanin receptors were observed (FIG. 1 and
FIGS. 2A and 2B).

According to the previous literature, it is known that G
protein-coupled receptors bound to agonists replace guanos-
ine diphosphate (GDP) bound to the a.-subunits of the G
proteins with guanosine triphosphate (GTP) to induce intra-
cellular signal transduction. G proteins are heterotrimers,
each of which consists of a-, -, and y-subunits. The most
important signals in intracellular signal transduction are
generated from the a-subunit. The a-subunit may be of
s-type (Gas), i-type (Gai) or g/11-type. The s-type a-subunit
activates adenyl cyclase as an intracellular enzyme to pro-
duce cAMP, the universal second messenger, from adenos-
ine triphosphate (ATP) and activates protein kinase A
(PKA). In contrast, the i-type a-subunit sends signals sup-
pressing the activity of adenyl cyclase and the q/11-type
a-subunit increases the intracellular level of calcium or
activates protein kinase C (PKC). Binding between G pro-
tein-coupled receptors and G proteins is a unique charac-
teristic depending on the receptor type. GALR subtypes 1
and 3 induce inhibitory G,-coupled signaling, while GALR
subtype 2 triggers stimulatory G, -coupled signaling. This
difference explains the use of the HEK293-G,; stable cell
line in which the C-terminus of G, is substituted with 3
amino acids of G; to convert the signals of G, to G, signaling
pathways. The activities of the receptors were measured
using an SRE-luc assay system designed to express
Iuciferase (luc) by serum responsive element (SRE) promot-
ers. Light caused by a reaction between expressed luciferase
and luciferin as a substrate was detected using a luminom-
eter so that receptor subtype-specific or ligand-specific cel-
lular activities were observed. One day after HEK293-G,
cells were seeded in 48-well plates at a density of 2x10*
cells/well, plasmid DNA and SRE-luc plasmid DNA, which
encode GALR2 and GALR3, respectively, were mixed in a
ratio of 1:1 (75 ng+75 ng)/well, and treated with Effectene
reagent (2 pl/well). After 3 h, media were replaced with
DMEM media supplemented with 10% FBS. After 24 h, the
DMEM media were replaced with FBS-free DMEM media.
After 16 h, each constructed spexin-based mutant peptide
was further incubated at 37° C. for 6 h. After this stage was
finished, cells were washed with PBS and lysed by the
addition of 100 wl of lysis buffer (0.1% triton X-100, 0.2M
Tris, pH 8.0) at room temperature for 20 min. The luciferase
activity was determined using a synergy 2 Multi-mode
microplate reader (BioTek, Winooski, Vt., USA) with auto-
matic injection of a luciferin solution (0.5 M MgCl,, 0.1 M
ATP, 0.05 M D-luciferin, 1 M KH,PO,, pH 7.8).

As shown in FIGS. 3A to 3D and FIG. 4, the mutant
peptide in which leucine at position 8 of spexin was replaced
with glycine [Gly®] showed decreased potencies toward both
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GALR2 and GALR3. The mutant peptide in which aspara-
gine at position 1 of spexin was replaced with glycine
[Gly'], the mutant peptide in which leucine at position 4 of
spexin was replaced with leucine [Leu®], and the mutant
peptide in which glutamine at position 11 of spexin was
replaced with histidine [His'#] maintained their potencies
toward both receptors without differences from those of
spexin. The mutant peptide in which glutamine, methionine,
lysine, and alanine at positions 5, 7, 11, and 13 were replaced
with asparagine [Asn’], alanine [Ala’], leucine [Leu''] or
phenylalanine [Phe''], and proline [Pro'®] maintained its
potency toward GALR2 without a substantial difference but
a decreased potency toward GALR3. These results suggest
that glutamine at position 5 [GIn®], methionine at position 7
[Met’], lysine at position 11 [Lys*'], and alanine at position
13 [Ala'®] of the spexin amino acid sequence are important
residues in activating GALR3 rather than GALR2. For
additional investigation, multiple mutants were constructed
in which the amino acids at positions 5, 7, 11, and 13 of the
spexin sequence were replaced with the corresponding
amino acids of the galanin sequence. The potencies of the
double mutant (A’F*!) in which the amino acids at positions
7 and 11 were replaced with alanine [Ala”] and phenylala-
nine [Phe''], respectively, and the triple mutant (N>AF'")
in which the amino acid at positions 5, 7, and 11 were
replaced with asparagine [Asn’], alanine [Ala’], and phe-
nylalanine [Phe''], respectively, toward GALR3 were con-
siderably reduced. Particularly, the double and triple mutants
could maximally activate GALR3 at a high concentration of
10 uM. The quadruple mutant (N>A”F*'P*? or Qu) in which
the amino acids at position 5, 7, 11, and 13 (alanine) were
replaced with asparagine [Asn®], alanine [Ala’], phenylala-
nine [Phe'!], and proline [Pro'?], respectively, maintained
its potency toward GALR2 at a level comparable to that of
spexin but lost its potency toward GALR3 (FIGS. 3A to 3D
and FIG. 4). The introduction of the amino acids of galanin
into spexin did not induce the potency toward GALRI,
indicating specificity of the corresponding amino acids for
the activation of GALR2.

The purpose of D-amino acid substitution is to identify
important residues that are responsible for receptor activa-
tion and to determine residues that are tolerant of D-amino
acid substitution, which functions to protect the peptide
from attacks by a large variety of proteases present in serum.
Cells expressing GALR2 or GALR3 were treated with the
mutants in which the amino acids of spexin were replaced
with the corresponding D-amino acids to measure the activi-
ties of the mutants (FIGS. 5A and 5B and FIG. 6). Of these
mutants, the mutant in which the amino acids at positions 3,
9, and 10 were replaced with the corresponding D-amino
acids exhibited a drastic loss of activity toward both GALR2
and GALR3, suggesting that the amino acids at positions 3,
9, and 10 of spexin may play a critical role in the activation
of both receptors. The moderate loss of activity toward both
receptors was observed for the mutant in which the amino
acids at positions 6, 12, and 14 were replaced with the
corresponding D-amino acids. The substitutions of the
amino acids at positions 2 and 4 only slightly affected the
activation of both receptors, suggesting that tryptophan at
position 2 [Trp?] and alanine at position 4 [Ala*] are not
crucial for activation of GALR2 and GALR3. The substi-
tution of asparagine at position 1 [Asn'] of spexin with the
corresponding D-amino acid [dN'] slightly increased the
potency toward both GALR2 and GALR3 (FIGS. 5A and 5B
and FIG. 6). Such changes show that the substitution of the
amino acid at position 1 of spexin affords the possibility of
developing stable agonists against proteases in serum. Thus,
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asparagine at position 1 [Asn'] of spexin was replaced with
pyroglutamate (pQ), citrulline (Cit), Fmoc, etc. or the N-ter-
minus of spexin was polyethylene glycolylated (PEG) or
acetylated. Such modifications had no influence on the
potencies toward GALR2 and GALR3, similarly to the
D-amino acid substitutions (FIGS. 5A, 5B, and 6). This
strongly suggests that the substitution of the amino acid at
position 1 of spexin increases the stability against proteases
in serum while having no influence on the potency toward
GALR.

<Example 2> Investigation of Stability of the
GALR2 Agonists in 100% Fetal Bovine Serum

The stability of the spexin-based mutant peptides was
investigated. To this end, first, each modified mutant peptide
at an initial concentration 10 uM was allowed to react in
100% fetal bovine serum (FBS) at 37° C. for 0, 3, 6, 12, 24,
48, and 72 h. Thereafter, the potencies of the mutant peptide
toward GALR2 were determined via inositol 1,4,5-triphos-
phate (IP3) production in GALR2-expressing cells. For the
1P3 assay, cells were seeded in 12-well plates at a density of
2.5x10° cells/well and then the next day, cells were treated
with a mixture of 1 pg of GALR2-encoding plasmid DNA
and Lipofectamine 2000 (Invitrogen). On day following
treatment, cells were incubated in M199 media containing
1% FBS, 1% L-glutamine, 1% antibiotic, and myo-"H
inositol 1 puCi/well for 20 h to radioactively label inositol
phosphate. After this stage was finished, cells were allowed
to react in buffer A (140 mM NaCl, 20 mM Hepes, 4 mM
KCl, 8 mM D-glucose, 1 mM MgCl,, 1 mM CaCl,, 1 mg/ml
free fatty acid bovine serum albumin, and 10 mM LiCl at pH
7.2) for 30 min. After the mutant peptide was allowed to
react in 100% FBS, cells were treated with the mutant
peptide for 40 min at 37° C. Media was removed, and
reactions were terminated by addition of 1 ml of 10 mM cold
formic acid to each well. The plates were allowed to stand
at 4° C. for 30 min. Then, the resulting extracts were
transferred to 6-mL plastic tubes containing 500 pl AG1-8X
anion exchange columns. The tubes were gently mixed with
a vortexer, and the supernatants were removed from the
labeled mixture. Two washes with 1 ml of triple-distilled
water were performed followed by two additional washes
with 60 mM ammonium formate/5 mM sodium tetraborate.
The radioactively labeled mixture was eluted from the
column with 1 ml of 1 M ammonium formate/0.1 M formic
acid (1 mL), and 800 pl from the elution were taken from
each tube and transferred into scintillation vials. Then, 2 ml
of scintillation cocktail solution (Ultima Gold™, Perkin
Elmer, Waltham Mass., USA) was added to each sample.
The radioactivity of the mixture solution of the radioactively
labeled mixture and the scintillation cocktail solution was
measured using a TRI carb 2100TR liquid scintillation
analyzer (Packard).

As shown in FIGS. 7A to 7E and FIG. 8, the potency of
spexin was very rapidly reduced to 80% or less within 12 h
but the mutant peptide (dAla4) in which alanine at position
4 was substituted and the N-terminus was modified under-
went less reduction in IP3 production than the wild-type
spexin, indicating its better stability (FIG. 7A). These results
imply that the substitution of the N-terminus of spexin with
hydrophobic molecules, such as PEG or Fmoc molecules, or
the replacement of alanine at position 4 and glutamine at
position 14 with the corresponding D-amino acids increased
the stability of the peptide in serum.

Meanwhile, the dAla4 and dGInl4 substitutions extended
the life of the peptides in serum.
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Further, the quadruple mutant (Qu), the mutant peptides in
which the N-terminus of the quadruple mutant was modified
and/or the mutant peptide in which the amino acids at
positions 4 and 14 were replaced with the corresponding
D-amino acids, were measured for their degradation in
serum. The quadruple mutants were rapidly degraded com-
pared to the wild-type spexin but the mutant peptides having
undergone N-terminus substitution with FEG or Fmoc and
the mutant peptide having undergone double substitution of
the amino acids at positions 4 and 14 had extended lifetimes
in FBS and human serum, indicating their increased stability
(FIGS. 7B and 7C).

The N-terminus modified quadruple mutant peptides
showed potencies toward GALR2 and GALR3 at a level
similar to the quadruple mutants (FIGS. 7D and 7F and FIG.
8). The potencies of the modified quadruple mutant peptides
toward GALR3 were observed only at a high concentration
(10 uM). These results conclude that the mutant peptides
presented in FIG. 8 are improved GALR2 agonists that
specifically act on GALR2 at levels similar to the quadruple
mutants of spexin and are maintained very stable in serum.

<Example 3> Investigation of Inhibitory Effect of
the GALR2 Agonists on Food Intake

CS57BL/6] black male mice (9 weeks of age) were
acquired from Orientbio (www.orient.co.kr). Mice were
housed in a cage at 20-24° C. and 40-70% relative humidity
under a normal 12:12 light-dark cycle (lights onset at 8:00
am), with food and water available ad libitum. All experi-
ments were designed to minimize the number of animals.
Animals were anesthetized to minimize their suffering in
accordance with the Guidelines for Ethical Care and Use of
Experimental Animals, which were approved by the insti-
tutional animal care and use committee of Korea University.
For intracerebroventricular injection, mice were anesthe-
tized with sodium pentobarbital (50 mg/kg, i.p.), mounted
on a stereotaxic apparatus, and implanted with a 26-gauge
stainless steel cannula into the right side of the lateral
ventricle. Two jewelry screws were implanted into the skull
as anchors, and the whole assembly was affixed to the skull
with dental cement. Mice were recovered at least 2 weeks
before experimentation. The GALR2 agonist was adminis-
tered using a Hamilton syringe at a rate of 0.5 I/min. Dietary
intakes and weight changes were determined by measuring
the weights of feed and mice before agonist administration,
measuring the weights of the feed over 1, 2,4, 12, and 24 h,
and comparing the weight of mice after 24 h with the initial
weight.

The effects of the GALR2 agonist on feeding behaviors
and changes in body weight were investigated by the fol-
lowing procedure. First, a cannula was inserted into the third
ventricle. After administration of 3 pg of artificial cerebro-
spinal fluid (acsf) as a control or 3 pg of spexin as an
experimental group and 3 pg of the peptide dN1-Qu with
increased stability in which the amino acid at position 1 of
the quadruple mutant was replaced with the corresponding
D-amino acid, changes in the body weight and dietary intake
of the animals for 24 h were compared. The dietary intake
was significantly decreased and a weight loss was effectively
induced with the passage of time in the mice administered
the GALR2 agonist compared to the spexin-administered
mice and the control (FIGS. 9A and 9B). After the PEG
sextuple mutant were administered at concentrations of 0.5,
1, and 3 pg, dietary intakes and weight losses were observed
(FIGS. 9C and 9D). When 3 ng of the PEG sextuple mutant
were administered following the administration of 10 pg of
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MR871, the effects of the PEG sextuple mutant on dietary
intake and weight loss disappeared (FIGS. 9E and 9F).

An increase in the potency of appetite-regulating brain
neurons by administration of the GALR2 agonist was deter-
mined by immunohistochemistry (IHC). 1 h after 0.4, 4, and
40 ug of the GALR2 agonist dN1-Qu were administered to
the ventricle of adult mice, the animals were intraperitone-
ally injected for anesthesia, the chest was cut, a Ringer
needle was inserted into the left cardiac ventricle to drain
blood with 0.9% physiological saline (50 mL), the cardiac
ventricle was fixed with 0.9% phosphate buffered saline
(200 mL) containing 4% paraformaldehyde for 24 h, and the
brain was treated with phosphate buffered saline containing
30% sucrose solution for ~24 h. Then, the brain was placed
in a mold for brain tissue, transferred to and frozen in an
isopentane solution kept cold on dry ice with an OCT
composite containing 30% sucrose solution, and stored at
-80° C. before use. The frozen brain tissue was sliced at 40
um using a cryostat microtome, followed by immunohisto-
chemistry. The d-fos antibody suitable for identifying the
activity of neurons (1:2000 dilution ratio) was used to
investigate an increase in the number of c-fos expressing
neurons in the arcuate nucleus, an appetite-regulating brain
region, when the GALR2 agonist was administered (FIG.
10). POMC neurons known to regulate appetite in the
arcuate nucleus were cultured in vitro, treated with the Fmoc
sextuple mutant (1 uM) and 10 nM insulin, washed with
PBS, and lysed by the addition of 100 ul of lysis buffer
(0.1% triton X-100, 0.2M Tris, pH 8.0) at room temperature
for 20 min.

Proteins were extracted from cells and analyzed by West-
ern blotting. AKT and ERK were phosphorylated by insulin
but only the ERK pathway was phosphorylated by the
GALR2 agonist, indicating that GALR2 acts through a
pathway different from insulin (FIG. 11A). POMC neurons
were treated the GALR2 agonist and mRNA was then
extracted. Increases in the number of the POMC neurons and
the level of a-MSH were observed (FIGS. 11B to 11E). This
suggests that the improved GALR2 agonist can be used as
a drug for obesity treatment due to its ability to suppress
feeding behaviors.

<Example 4> Measurement of Efficacy of the
Agonist dN1-Qu on Recovery from Anxiety
Disorder

The effect of the GALR2 agonist dN1-Qu on recovery
from anxiety disorder was investigated. In the same manner
as in Example 3, a cannula was inserted into the lateral
ventricle of mice. 2-3 h after dimethyl sulfoxide (DMSO) as
a control or 4 pg of the GALR2 agonist dN1-Qu as an
experimental group was administered, the elevated plus
maze (EPM) test was conducted to measure anxiety/obses-
sion. The EPM test uses a cross-shaped maze elevated above
the floor with closed arms, open arms, and a center and is
based on the behavior of mice that prefer to remain in the
closed arms. Anxiety is judged to be lower when a larger
number of mice remain in the open arms. After mice was
placed on the plus maze, the time spent in the open arms
(“time in open arm”), the number of mice entering the open
arms (“number of open arm entry”), and the total movement
(“number of center crossing’’) were measured for the first 15
min. The results for the last 10 min were used for analysis.

After the GALR2 agonist was administered, there was no
difference in the number of center crossing, and the time in
open arm and the number of open arm entry were increased,
indicating reduced anxiety (FIG. 12).
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The effect of the GALR?2 agonist on anxiety reduction was
investigated by the OFT for simultaneously measuring
movement and anxiety (FIG. 13). The OFT is based on the
behavior of mice that prefer to stay at the periphery rather
than at the center of a quadrangular area. After mice were
placed at the center of a quadrangular area, the proportion of
the time spent in the center (“% time in center”), the
proportion of the moving distance in the center (“% distance
in center”), and the total moving distance (“total distance™)
were measured for 10 min from the time when the animals
moved to the periphery. The results were divided into two
equal periods (5 min each) for analysis. 2-3 h after 4 ug of
DMSO as a control or the GALR2 agonist dN1-Qu was
administered to the lateral ventricle of animals, which had
previously been evoked by repeated electric shocks to
induce anxiety, anxiety and movement were measured.

During the first 5-min period, there was no difference in
the total distance of the anxiety-induced mice compared to
the control DMSO but the % distance in center was
increased by the administration of the GALR2 agonist
dN1-Qu, demonstrating that the GALR2 agonist is effective
in reducing anxiety. During the second 5-min period, the
anxiety of the DMSO-administered anxiety-induced mice
was increased whereas the anxiety of the dN1-Qu-adminis-
tered mice was reduced, which was demonstrated from the
increased % distance in center (FIGS. 13A and 13B).

An increase in the potency of anxiety-regulating brain
neurons by administration of the GALR2 agonist was deter-
mined by immunohistochemistry (IHC). ~1-2 h after 0.4, 4,
and 40 pg of the GALR2 agonist were administered to the
ventricle of adult mice, the animals were intraperitoneally
injected for anesthesia, the chest was cut, a Ringer needle
was inserted into the left cardiac ventricle to drain blood
with 0.9% physiological saline (50 mL), the cardiac ven-
tricle was fixed with 0.9% phosphate buffered saline (50
ml) containing 4% paraformaldehyde for 24 h, and the brain
was treated with phosphate buftered saline containing 30%
sucrose solution for ~24 h. Then, the brain was placed in a
mold for brain tissue, transferred to and frozen in an
isopentane solution kept cold on dry ice with an OCT
composite containing 30% sucrose solution, and stored at
-80° C. before use. The frozen brain tissue was sliced at m
using a cryostat microtome, followed by immunohistochem-
istry.

The d-fos antibody suitable for identifying the activity of
neurons (1:2000 dilution ratio) was used to investigate an
increase in the number of c-fos expressing neurons in the
amygdala, an anxiety-regulating brain region, when the
GALR2 agonist was administered (FIG. 14). In contrast,
neurons in other emotion-regulating brain regions were not
activated, demonstrating the specific effect of the GALR2
agonist on anxiety regulation (FIGS. 15A to 15D). This
suggests that the GALR2 agonist can be used as a drug for
treating anxiety disorder. The amygdala is closely related to
anxiety disorder and post-traumatic stress disorder (PTSD),
suggesting that the GALR2 agonist can also be used as a
drug for PTSD treatment.

<Example 5> Identification of Efficacy of the
GALR2 Agonist dN1-Qu on Addiction Reduction

The effect of the GALR2 agonist dN1-Qu on addiction
reduction was investigated. In the same manner as in
Example 3, a cannula was inserted into the lateral ventricle
of mice. After injection of dimethyl sulfoxide (DMSO) and
0.4, 4, and 40 pg of dN1-Qu, the consumptions of water and
1% sucrose solution were measured for 2 days by the
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sucrose preference test (SPT) for addiction evaluation.
According to this test, tap water and sucrose solution were
filled in respective bottles and weighed before injection of
the agonist. After free access to the fluids for 2 days, the
bottles were weighed to compare the total consumption of
the fluids and the percentage of the consumed sucrose
solution in the total fluid consumption.

As a result, there was no difference in the total consump-
tion of the fluids for 2 days. For the control, the consumed
sucrose solution accounted for ~70% of the total fluid
consumption. In contrast, when the GALR2 agonist dN1-Qu
was administered, the sucrose preference was decreased to
=60%. The administration of the GALR agonist dN1-Qu
considerably reduced the consumption of sucrose (FIG. 16).
These results indicate that addiction to the sweet ingredient
was reduced by the administration of the GALR2 agonist
dN1-Qu. The reduced consumption of sucrose as an energy
source can mean a reduction in appetite or feeding behav-
iors, suggesting the use of the GALR2 agonist as a thera-
peutic agent for addiction and eating disorder.

<Example 6> Identification of Intracerebral
Delivery Via Nasal Inhalation

In order for peptidergic drugs to be delivered to the body
and act on the brain, drug delivery vehicles capable of
penetrating the blood brain barrier (BBB) should be intro-
duced. Drugs can be delivered intracerebrally via nasal
inhalation without the need to develop small molecules
penetrating the blood brain barrier. Indeed, nasal inhalation
was identified as a suitable drug delivery route for oxytocin.
Based on the fMRI result that oxytocin administration
induced a change in human brain activity, nasal inhalation is
expected to more efficiently increase the effects of peptider-
gic drugs on the brain. The intracerebral delivery of spexin
was identified by the following procedure. First, spexin was
labeled with FITC as a fluorescent tracer (FITC-spexin) and
combined with propylene glycol, which is used to study drug
delivery via nasal inhalation. 4 ng of the combination
product was administered to the nose of mice anesthetized
with sodium pentobarbital (50 mg/kg, i.p.). After 3 h, brain
regions where FITC fluorescence signals were seen were
examined by immunohistochemistry (IHC). Animals were
intraperitoneally injected for anesthesia, the chest was cut, a
Ringer needle was inserted into the left cardiac ventricle to
drain blood with 0.9% physiological saline (50 mL), the
cardiac ventricle was fixed with 0.9% phosphate buffered
saline (200 mL) containing 4% paraformaldehyde for 24 h,
and the brain was treated with phosphate buffered saline
containing 30% sucrose solution for ~24 h. Then, the brain
was placed in a mold for brain tissue, transferred to and
frozen in an isopentane solution kept cold on dry ice with an
OCT composite containing 30% sucrose solution, and stored
at —80° C. before use. The frozen brain tissue was sliced at
40 m using a cryostat microtome, followed by immunohis-
tochemistry.

As a result of nasal inhalation of the FITC-spexin, FITC
fluorescence signals were found in the form of punctates in
the arcuate nucleus (ARC) region known to regulate appetite
and the substantia nigra-ventral tegmental area (SN-VTA)
known to be involved in emotion regulation (FIG. 17). For
nasal inhalation, the GALR2 agonist was combined with
propylene glycol (PEG) and 8 pg of the PEG-se was
administered to the nose. 1-2 h after nasal inhalation, the
results were recorded. The results of nasal inhalation were
compared with those of intracerebroventricular injection.
The nasal inhalation of the GALR2 agonist was confirmed
to increase the activity of neurons in the amygdala and
arcuate nucleus, like the intracerebroventricular injection in
the two brain regions (FIG. 18). This suggests that nasal
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inhalation can be used for intracerebral delivery of pepti-
dergic drugs and the GALR?2 agonist prepared by amino acid
substitution of spexin can be developed as a therapeutic

agent for eating- and emotion-related diseases.

20
INDUSTRIAL APPLICABILITY

The agonists of the present invention can be used to

prevent or treat GALR2-mediated diseases.
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SEQUENCE LISTING

NUMBER OF SEQ ID NOS: 59

SEQ ID NO 1

LENGTH: 14

TYPE: PRT

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: GALR2 agonists

FEATURE:

NAME/KEY: VARIANT

LOCATION: (1)

OTHER INFORMATION: 1lst Asn is d-Asn

FEATURE:

NAME/KEY: VARIANT

LOCATION: (2)

OTHER INFORMATION: 2nd Trp may be substitutued with d-Trp or
2-naphtyl

FEATURE:

NAME/KEY: VARIANT

LOCATION: (3)

OTHER INFORMATION: 3rd Thr may be substitutued with Ala or Lys
FEATURE:

NAME/KEY: VARIANT

LOCATION: (4)

OTHER INFORMATION: 4th Pro may be substitutued with d-Ala or d-Val
FEATURE:

NAME/KEY: VARIANT

LOCATION: (5)

OTHER INFORMATION: 5th Asn may be substitutued with Gln
FEATURE:

NAME/KEY: VARIANT

LOCATION: (6)

OTHER INFORMATION: 6th Ala may be substitutued with d-Ala
FEATURE:

NAME/KEY: VARIANT

LOCATION: (7)

OTHER INFORMATION: 7th Ala may be substitutued with Met
FEATURE:

NAME/KEY: VARIANT

LOCATION: (11)

OTHER INFORMATION: 1lth Phe may be substitutued with Lys or Leu
or Tyr

FEATURE:

NAME/KEY: VARIANT

LOCATION: (13)

OTHER INFORMATION: 13th Pro may be substitutued with d-Ala or Ala
FEATURE:

NAME/KEY: VARIANT

LOCATION: (14)

OTHER INFORMATION:

SEQUENCE: 1

Asn Trp Thr Pro Asn Ala Ala Leu Tyr Leu Phe Gly Pro Gln

1

<210>
<211>
<212>
<213>
<220>
<223>
<220>
<221>
<222>
<223>

<400>

5 10

SEQ ID NO 2

LENGTH: 14

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: GALR2 agonist
FEATURE:

NAME/KEY: VARIANT

LOCATION: (1)..(14)

OTHER INFORMATION: 1lst Asn is d-Asn

SEQUENCE: 2

Asn Trp Thr Pro Asn Ala Ala Leu Tyr Leu Phe Gly Pro Gln

1

5 10

14th Gln may be substitutued with d-Gln or His
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22

-continued

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 3

LENGTH: 14

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Hu_GAL

<400> SEQUENCE: 3

Gly Trp Thr Leu Asn Ser Ala Gly Tyr
1 5

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 4

LENGTH: 14

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: HU_GALP
<400> SEQUENCE: 4

Gly Trp Thr Leu Asn Ser Ala Gly Tyr
1 5

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 5

LENGTH: 14

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: CO_SPX2

<400> SEQUENCE: 5

Asn Trp Gly Pro Gln Ser Met Leu Tyr
1 5

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 6

LENGTH: 14

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: HU_SPX1

<400> SEQUENCE: 6

Asn Trp Thr Pro Gln Ala Met Leu Tyr
1 5

<210> SEQ ID NO 7

<400> SEQUENCE: 7

000

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 8

LENGTH: 14

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: h/m SPX
<400> SEQUENCE: 8

Asn Trp Thr Pro Gln Ala Met Leu Tyr
1 5

<210>
<211>
<212>
<213>
<220>

SEQ ID NO 9

LENGTH: 14

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE:

Leu Leu Gly Pro His
10

Leu Leu Gly Pro Val
10

Leu Lys Gly Arg Tyr
10

Leu Lys Gly Ala Gln
10

Leu Lys Gly Ala Gln
10
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23

-continued

24

<223> OTHER INFORMATION: [dN1]-SPX

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1)..(1)

<223> OTHER INFORMATION: Asn is substituted with d-Asn

<400> SEQUENCE: 9

Asn Trp Thr Pro Gln Ala Met Leu Tyr Leu Lys Gly Ala Gln
1 5 10

<210> SEQ ID NO 10

<211> LENGTH: 14

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: [pQl]-SPX

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (1).. (1)

<223> OTHER INFORMATION: Asn is replaced with pyroglutamate

<400> SEQUENCE: 10

Asn Trp Thr Pro Gln Ala Met Leu Tyr Leu Lys Gly Ala Gln
1 5 10

<210> SEQ ID NO 11

<211> LENGTH: 14

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: [Ac-N1]-SPX
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (1).. (1)
<223> OTHER INFORMATION: Asn is replaced by Asn protected by Acetyl
group

<400> SEQUENCE: 11

Asn Trp Thr Pro Gln Ala Met Leu Tyr Leu Lys Gly Ala Gln
1 5 10

<210> SEQ ID NO 12

<211> LENGTH: 14

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: [G1l]-SPX

<400> SEQUENCE: 12

Gly Trp Thr Pro Gln Ala Met Leu Tyr Leu Lys Gly Ala Gln
1 5 10

<210> SEQ ID NO 13

<211> LENGTH: 14

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: [dW2]-SPX

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (2)..(2)

<223> OTHER INFORMATION: Trp is replaced with with d-Trp

<400> SEQUENCE: 13
Asn Trp Thr Pro Gln Ala Met Leu Tyr Leu Lys Gly Ala Gln

1 5 10

<210> SEQ ID NO 14
<211> LENGTH: 14

(Ac)
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<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: [2Nal2]-SPX
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (2)..(2)

<223>

<400> SEQUENCE: 14

Asn Trp Thr Pro Gln Ala Met Leu Tyr
1 5

OTHER INFORMATION: Trp is replaced with 2-Naphytl group

Leu Lys Gly Ala Gln
10

<210> SEQ ID NO 15

<211> LENGTH: 14

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: [dT3]-SPX
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

«<222> LOCATION: (3)..(3)

<223> OTHER INFORMATION: Thr is replaced by d-Thr
<400> SEQUENCE: 15

Asn Trp Thr Pro Gln Ala Met Leu Tyr
1 5

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 16

LENGTH: 14

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: [A3]-SPX

<400> SEQUENCE: 16
Asn Trp Ala Pro Gln Ala Met Leu Tyr
1 5

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 17

LENGTH: 14

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: [K3]-SPX

<400> SEQUENCE: 17

Asn Trp Lys Pro Gln Ala Met Leu Tyr
1 5

<210> SEQ ID NO 18

<211> LENGTH: 14

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: [dA4]-SPX
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (4)..(4)

<223>

<400> SEQUENCE: 18
Asn Trp Thr Ala Gln Ala Met Leu Tyr
1 5

<210> SEQ ID NO 19

<211> LENGTH: 14

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

Leu Lys Gly Ala Gln
10

Leu Lys Gly Ala Gln
10

Leu Lys Gly Ala Gln
10

OTHER INFORMATION: Ala is replaced by d-Ala

Leu Lys Gly Ala Gln
10
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-continued

<220> FEATURE:
<223> OTHER INFORMATION: [E4]-SPX

<400> SEQUENCE: 19
Asn Trp Thr Glu Gln Ala Met Leu Tyr
1 5

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 20

LENGTH: 14

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: [L4]-SPX

<400> SEQUENCE: 20
Asn Trp Thr Leu Gln Ala Met Leu Tyr
1 5

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 21

LENGTH: 14

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: [R4]-SPX

<400> SEQUENCE: 21

Asn Trp Thr Arg Gln Ala Met Leu Tyr
1 5

<210> SEQ ID NO 22

<211> LENGTH: 14

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: [dV4]-SPX
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (4)..(4)

<223>

<400> SEQUENCE: 22
Asn Trp Thr Val Gln Ala Met Leu Tyr
1 5

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 23

LENGTH: 14

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: [N5]-SPX

<400> SEQUENCE: 23
Asn Trp Thr Pro Asn Ala Met Leu Tyr
1 5

<210>
<211>
<212>
<213>
<220>
<223>
<220>
<221>
<222>
<223>

SEQ ID NO 24

LENGTH: 14

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION:
FEATURE:

NAME/KEY: misc_feature
LOCATION: (6)..(6)

[dA6]-SPX

<400> SEQUENCE: 24

Asn Trp Thr Pro Gln Ala Met Leu Tyr

Leu Lys Gly Ala Gln
10

Leu Lys Gly Ala Gln
10

Leu Lys Gly Ala Gln
10

OTHER INFORMATION: Val is replaced with d-Val

Leu Lys Gly Ala Gln
10

Leu Lys Gly Ala Gln
10

OTHER INFORMATION: Ala is replaced with d-2la

Leu Lys Gly Ala Gln
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-continued

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 25

LENGTH: 14

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: [A7]-SPX

<400> SEQUENCE: 25
Asn Trp Thr Pro Gln Ala Ala Leu Tyr
1 5

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 26

LENGTH: 14

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: [G8]-SPX

<400> SEQUENCE: 26
Asn Trp Thr Pro Gln Ala Met Gly Tyr
1 5

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 27

LENGTH: 14

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: [Q8]-SPX

<400> SEQUENCE: 27
Asn Trp Thr Pro Gln Ala Met Gln Tyr

1 5

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 28

LENGTH: 14

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: [F9]-SPX

<400> SEQUENCE: 28

Asn Trp Thr Pro Gln Ala Met Leu Phe
1 5

<210> SEQ ID NO 29

<211> LENGTH: 14

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: [dY9]-SPX
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (9)..(9)

<223>

<400> SEQUENCE: 29
Asn Trp Thr Pro Gln Ala Met Leu Tyr
1 5

<210>
<211>
<212>
<213>
<220>
<223>
<220>

SEQ ID NO 30

LENGTH: 14

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION:
FEATURE:

[dL10]-SPX

10

Leu Lys Gly Ala Gln
10

Leu Lys Gly Ala Gln
10

Leu Lys Gly Ala Gln
10

Leu Lys Gly Ala Gln
10

OTHER INFORMATION: Tyr is replaced with d-Tyr

Leu Lys Gly Ala Gln
10
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<221> NAME/KEY: misc_feature
<222> LOCATION: (10)..(10)
<223> OTHER INFORMATION: Leu is replaced with d-Leu

<400> SEQUENCE: 30

Asn Trp Thr Pro Gln Ala Met Leu Tyr Leu Lys Gly Ala Gln
1 5 10

<210> SEQ ID NO 31

<211> LENGTH: 14

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: [F11]-SPX

<400> SEQUENCE: 31

Asn Trp Thr Pro Gln Ala Met Leu Tyr Leu Phe Gly Ala Gln
1 5 10

<210> SEQ ID NO 32

<211> LENGTH: 14

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: [L11]-SPX

<400> SEQUENCE: 32

Asn Trp Thr Pro Gln Ala Met Leu Tyr Leu Leu Gly Ala Gln
1 5 10

<210> SEQ ID NO 33

<211> LENGTH: 14

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: [Y11]-SPX

<400> SEQUENCE: 33

Asn Trp Thr Pro Gln Ala Met Leu Tyr Leu Tyr Gly Ala Gln
1 5 10

<210> SEQ ID NO 34

<211> LENGTH: 14

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: [dK11]-SPX

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (11)..(11)

<223> OTHER INFORMATION: Lys is replaced with d-Lys

<400> SEQUENCE: 34

Asn Trp Thr Pro Gln Ala Met Leu Tyr Leu Lys Gly Ala Gln
1 5 10

<210> SEQ ID NO 35

<211> LENGTH: 11

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: k Synthetic SPX

<400> SEQUENCE: 35

Asn Trp Thr Pro Gln Ala Met Leu Tyr Leu Lys
1 5 10
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-continued

<210> SEQ ID NO 36

<211> LENGTH: 14

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: [D11]-SPX

<400> SEQUENCE: 36

Asn Trp Thr Pro Gln Ala Met Leu Tyr Leu Asp Gly Ala Gln
1 5 10

<210> SEQ ID NO 37

<211> LENGTH: 14

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: [dAl2]-SPX

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (12)..(12)

<223> OTHER INFORMATION: Ala is replaced with d-Ala

<400> SEQUENCE: 37

Asn Trp Thr Pro Gln Ala Met Leu Tyr Leu Lys Ala Ala Gln
1 5 10

<210> SEQ ID NO 38

<211> LENGTH: 14

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: [dA13]-SPX

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (13)..(13)

<223> OTHER INFORMATION: Ala is replaced with d-Ala

<400> SEQUENCE: 38

Asn Trp Thr Pro Gln Ala Met Leu Tyr Leu Lys Gly Ala Gln
1 5 10

<210> SEQ ID NO 39

<211> LENGTH: 14

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: [P13]-SPX

<400> SEQUENCE: 39

Asn Trp Thr Pro Gln Ala Met Leu Tyr Leu Lys Gly Pro Gln
1 5 10

<210> SEQ ID NO 40

<211> LENGTH: 14

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: [dQ14]-SPX

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (14)..(14)

<223> OTHER INFORMATION: Gln is replaced with d-Gln

<400> SEQUENCE: 40
Asn Trp Thr Pro Gln Ala Met Leu Tyr Leu Lys Gly Ala Gln

1 5 10

<210> SEQ ID NO 41
<211> LENGTH: 14
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-continued

36

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: [H14]-SPX

<400> SEQUENCE: 41

Asn Trp Thr Pro Gln Ala Met Leu Tyr Leu Lys Gly Ala His
1 5 10

<210> SEQ ID NO 42

<211> LENGTH: 14

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: [PEG]-SPX

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (1).. (1)

<223> OTHER INFORMATION: Asn is modified with polyethylene glycol

<400> SEQUENCE: 42

Asn Trp Thr Pro Gln Ala Met Leu Tyr Leu Lys Gly Ala Gln
1 5 10

<210> SEQ ID NO 43

<211> LENGTH: 14

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Cyclic-SPX

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (1).. (1)

<223> OTHER INFORMATION: Asn is Cyclo modified

<400> SEQUENCE: 43

Asn Trp Thr Pro Gln Ala Met Leu Tyr Leu Lys Gly Ala Gln
1 5 10

<210> SEQ ID NO 44

<211> LENGTH: 14

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: [Citl]-SPX

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1).. (1)

<223> OTHER INFORMATION: Asn is replaced with a Citrulline

<400> SEQUENCE: 44

Asn Trp Thr Pro Gln Ala Met Leu Tyr Leu Lys Gly Ala Gln
1 5 10

<210> SEQ ID NO 45

<211> LENGTH: 14

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: [Fmoc]-SPX

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1).. (1)

<223> OTHER INFORMATION: Asn is replaced with Fmoc group

<400> SEQUENCE: 45

Asn Trp Thr Pro Gln Ala Met Leu Tyr Leu Lys Gly Ala Gln
1 5 10

(PEG)
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38

<210> SEQ ID NO 46

<211> LENGTH: 14

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: [Fmoc-dT3]-SPX

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1).. (1)

<223> OTHER INFORMATION: Asn is replaced with Fmoc group
<220> FEATURE:

<221> NAME/KEY: misc_feature

«<222> LOCATION: (3)..(3)

<223> OTHER INFORMATION: Thr is replaced with d-Thr

<400> SEQUENCE: 46

Asn Trp Thr Pro Gln Ala Met Leu Tyr Leu Lys Gly Ala Gln
1 5 10

<210> SEQ ID NO 47

<211> LENGTH: 20

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: SPX-m40

<400> SEQUENCE: 47

Asn Trp Thr Pro Gln Ala Met Leu Tyr Leu Lys Gly Ala Phe Phe Ala
1 5 10 15

Leu Ala Leu Ala
20

<210> SEQ ID NO 48

<211> LENGTH: 14

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: [A7][F11]-SPX

<400> SEQUENCE: 48

Asn Trp Thr Pro Gln Ala Ala Leu Tyr Leu Phe Gly Ala Gln
1 5 10

<210> SEQ ID NO 49

<211> LENGTH: 12

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: [R11][F12]-SPX

<400> SEQUENCE: 49

Asn Trp Thr Pro Gln Ala Met Leu Tyr Leu Arg Phe
1 5 10

<210> SEQ ID NO 50

<211> LENGTH: 14

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: [N5][A7][F11]-SPX

<400> SEQUENCE: 50
Asn Trp Thr Pro Asn Ala Ala Leu Tyr Leu Phe Gly Ala Gln

1 5 10

<210> SEQ ID NO 51
<211> LENGTH: 14
<212> TYPE: PRT
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<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: [N5][A7][F11][P13]-SPX

<400> SEQUENCE: 51

Asn Trp Thr Pro Asn Ala Ala Leu Tyr Leu Phe Gly Phe Gln
1 5 10

<210> SEQ ID NO 52

<211> LENGTH: 14

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: [N5][A7][F11][H14]-SPX

<400> SEQUENCE: 52

Asn Trp Thr Pro Asn Ala Ala Leu Tyr Leu Phe Gly Ala His
1 5 10

<210> SEQ ID NO 53

<211> LENGTH: 14

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: PEG2-SPX

<400> SEQUENCE: 53

Asn Trp Thr Pro Asn Ala Ala Leu Tyr Leu Phe Gly Ala His
1 5 10

<210> SEQ ID NO 54

<211> LENGTH: 14

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: [3-NO2_Y9]-SPX

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (9)..(9)

<223> OTHER INFORMATION: Y is replaced with NO2I

<400> SEQUENCE: 54

Asn Trp Thr Pro Gln Ala Met Leu Tyr Leu Lys Gly Ala Gln
1 5 10

<210> SEQ ID NO 55

<211> LENGTH: 14

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: [Fmoc-Qu]-SPX

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1).. (1)

<223> OTHER INFORMATION: Asn is modified with Fmoc group

<400> SEQUENCE: 55

Asn Trp Thr Pro Asn Ala Ala Leu Tyr Leu Phe Gly Pro Gln
1 5 10

<210> SEQ ID NO 56

<211> LENGTH: 14

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: [Fmoc-Qu-dQl14]-SPX
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1).. (1)
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42

<223> OTHER INFORMATION: Asn is modified with Fmoc group
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (14)..(14)

<223> OTHER INFORMATION: Gln is replaced with d-Gln

<400> SEQUENCE: 56

Asn Trp Thr Pro Asn Ala Ala Leu Tyr Leu Phe Gly Pro Gln
1 5 10

<210> SEQ ID NO 57

<211> LENGTH: 14

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: [Fmoc-Qu-dA4]-SPX

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1).. (1)

<223> OTHER INFORMATION: Asn is modified with Fmoc Group
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (4)..(4)

<223> OTHER INFORMATION: Ala is replaced with d-Ala

<400> SEQUENCE: 57

Asn Trp Thr Ala Asn Ala Ala Leu Tyr Leu Phe Gly Pro Gln
1 5 10

<210> SEQ ID NO 58

<211> LENGTH: 14

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: [Fmoc-Qu-dA4-dQl4]-sSPX
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1).. (1)

<223> OTHER INFORMATION: Asn is modified with Fmoc Group
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (4)..(4)

<223> OTHER INFORMATION: Ala is replaced with d-Ala
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (14)..(14)

<223> OTHER INFORMATION: Gln is replaced with d-Gln

<400> SEQUENCE: 58

Asn Trp Thr Ala Asn Ala Ala Leu Tyr Leu Phe Gly Pro Gln
1 5 10

<210> SEQ ID NO 59

<211> LENGTH: 14

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: [PEG-Qu-dA4-dQl14]-SPX

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1).. (1)

<223> OTHER INFORMATION: Asn is modified with Polyethylene Glycol
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (4)..(4)

<223> OTHER INFORMATION: Ala is replaced with d-Ala
<220> FEATURE:

<221> NAME/KEY: misc_feature

(PEG)
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-continued

<222> LOCATION: (14)..(14)
<223> OTHER INFORMATION: Gln is replaced with d-Gln

<400> SEQUENCE: 59

Asn Trp Thr Ala Asn Ala Ala Leu Tyr Leu Phe Gly Pro Gln

1 5 10

The invention claimed is:

1. A peptide-based galanin receptor type 2 (GALR2)
agonist comprising the amino acid sequence as set forth in
SEQ ID NO: 48, SEQ ID NO: 50, or SEQ ID NO: 51.

2. A peptide-based galanin receptor type 2 (GALR2)
agonist comprising the amino acid sequence as set forth in
SEQ ID NO: 51.

3. The GALR?2 agonist of claim 1, wherein the amino acid
sequence is attached to polyethylene glycol (PEG), an acetyl
(Ac) group, or Fmoc.

4. The GALR?2 agonist of claim 2, wherein the amino acid
sequence is attached to polyethylene glycol (PEG), an acetyl
(Ac) group, or Fmoc.

5. The GALR2 agonist of claim 1, wherein the first amino
acid in the amino acid sequence is d-Asparagine.

6. The GALR2 agonist of claim 2, wherein the first amino
acid in the amino acid sequence is d-Asparagine.

7. The GALR2 agonist of claim 1, which specifically
activates GALR2.

8. The GALR2 agonist of claim 2, which specifically
activates GALR2.

9. The GALR?2 agonist of claim 1, which does not activate
GALRI1 or GALR3.

10. The GALR2 agonist of claim 2, which does not
activate GALR1 or GALR3.
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11. The GALR2 agonist of claim 7, which does not
activate GALR1 or GALR3.

12. The GALR2 agonist of claim 8, which does not
activate GALR1 or GALR3.

13. A pharmaceutical composition comprising the
GALR?2 agonist of claim 1 and a pharmaceutically accept-
able carrier.

14. A pharmaceutical composition comprising the
GALR?2 agonist of claim 2 and a pharmaceutically accept-
able carrier.

15. The pharmaceutical composition of claim 13, which is
a freeze-dried powder.

16. The pharmaceutical composition of claim 13, which is
an injectable solution.

17. The pharmaceutical composition of claim 14, which is
a freeze-dried powder.

18. The pharmaceutical composition of claim 14, which is
a freeze-dried powder.

19. The pharmaceutical composition of claim 13, wherein
the GALR2 agonist comprises the amino acid sequence as
set forth in SEQ ID NO: 48.

20. The pharmaceutical composition of claim 13, wherein
the GALR2 agonist B comprises the amino acid sequence as
set forth in SEQ ID NO: 50.
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