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SEQ ID No.1: 

YXEGTFTSDYSIYLDKQAAXEFVNWLLAGGPSSGAPPPS[Lys-C16]-NH2 

X = amino-isobutync acid 

SEQ. ID No. 2 

YXEGTFTSDYSIYLDKQAAXEFV[Cys-
40kDaPEG]WLLAGGPSSGAPPPS[L ys-yE-C 16]-N H2 
X = am1no-isobutyric acid 

SEQ ID No. 3 

Gly-Pro-Ser-Ser-Gly-Ala-Pro-Pro-Pro-Ser; 

SEQ ID No.4 

Gly-Pro-Ser-Ser-Gly-Ala-Pro-Pro-Pro-Ser-Lys 

SEQ ID No. 5 

Gly-Pro-Ser-Ser-Gly-Ala-Pro-Pro-Pro-Ser-Cys 

SEQ ID No. 6 
Pro-Ser-Ser-Gly-Ala-Pro-Pro-Pro-Ser 

SEQ. ID No. 7 

Pro-Ser-Ser-Gly-Ala-Pro-Pro-Ser 

SEQ ID No 8 

HAEGTFTSDVSSYLEGQAAK EFIAWLVKGR G-OH 

SEQ ID No.9 

YAEGTFISDYSIAMDKIHQQDFVNWLLAQKGKKNDWKHNITQ-OH 

SEQ ID No.10 

HAEGTFTSDVSSYLEGQAA[Lys-yE- C16 acyl]EFIAWLVRGRG-OH 
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ABSTRACT 

Methods treat neurological disorders, for example neurode­
generative disorders such as Alzheimer's disease, Parkin­
son's disease and stroke. Particularly although not exclu­
sively, GIP/GLP-1 co-agonist peptide is used in the treatment 
of such neurological disorders. Pharmaceutical compositions 
include a GIP/GLP-1 co-agonist peptide for use in treatment 
of such disorders. 

SEQ ID. No 11 

Yd-AEGTFISDYSIAMDKIHQQDFVNWLLAQKGKK(y-E-C16)NDWKHNITQ 

SEQ ID No.12 

Tyr-Aib-GI u-Gly-Thr-Phe-Thr-Ser-Asp-T yr-Ser-1 le-Tyr-Leu-Asp-L ys-Gln-Ala­

Ala-Aib-Glu-Phe-Val-Xaa24 -T rp-Leu-Leu-Ala-Gly-Y 1 -R2 (Formula I) 
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Tests of drugs tu a. transgenic mouse model of Alzheimer's disease 

Beta--amytoid plaque load in the cortex 
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Quant!ficat!on of synapses in the cortex 
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Tests of drugs in a mouse model of Parkins:onJs disease 

Rotarod motor skill test 

1,;,; .... 
r 

"** -*~* 

"* * 
:; T 

T 

T 

T T 

40--

0-·--!-, _______ ..__ __ ..__ __ ...._ __ ...._ __ .s,,,,,,.,.,,, 

dA.tA2-0IP I.Jtaglijijlje, OA 1 OA2 S:alioe control 
glu•PAL 

Figure 3 

Ex. 2064-004



Patent Application Publication Jan. 21, 2016 Sheet 4 of 8 US 2016/0015788 Al 

Distance traveled in open field 
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Travel speed in open field 
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Figure 8 
SEQ ID No.1: 

US 2016/0015788 Al 

YXEGTFTSDYSIYLDKQAAXEFVNWLLAGGPSSGAPPPS[Lys-C16]-NH2 

X = amino-isobutyric acid 

SEQ. ID No. 2 
YXEGTFTSDYSIYLDKQAAXEFV[Cys-
40kDaPEG]WLLAGGPSSGAPPPS[Lys-yE-C 16]-NH2 
X = amino-isobutyric acid 

SEQ ID No. 3 
Gly-Pro-Ser-Ser-Gly-Ala-Pro-Pro-Pro-Ser; 

SEQ ID No. 4 
Gly-Pro-Ser-Ser-Gly-Ala-Pro-Pro-Pro-Ser-Lys 

SEQ ID No. 5 
Gly-Pro-Ser-Ser-Gly-Ala-Pro-Pro-Pro-Ser-Cys 

SEQ ID No. 6 
Pro-Ser-Ser-Gly-Ala-Pro-Pro-Pro-Ser 

SEQ. ID No. 7 
Pro-Ser-Ser-Gly-Ala-Pro-Pro-Ser 

SEQ ID No 8 

HAEGTFTSDVSSYLEGQAAK EFIAWLVKGR G-OH 

SEQ ID No.9 

YAEGTFISDYSIAMDKIHQQDFVNWLLAQKGKKNDWKHNITQ-OH 

SEQ ID No.10 
HAEGTFTSDVSSYLEGQAA[Lys-yE- C16 acyl]EFIAWLVRGRG-OH 
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SEQ ID. No 11 

Yd-AEGTFISDYSIAMDKIHQQDFVNWLLAQKGKK(y-E-C16)NDWKHNITQ 

SEQ ID No.12 

Tyr-Aib-Glu-Gly-Thr-Phe-Thr-Ser-Asp-Tyr-Ser-lle-Tyr-Leu-Asp-Lys-Gln-Ala­

Ala-Aib-Glu-Phe-Val-Xaa24
-Trp-Leu-Leu-Ala-Gly-Y1-R2 (Formula I) 
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TREATMENT OF NEUROLOGICAL 
DISEASES 

INCORPORATION BY REFERENCE TO ANY 
PRIORITY APPLICATIONS 

[0001] Any and all applications for which a foreign or 
domestic priority claim is identified in the Application Data 
Sheet as filed with the present application are hereby incor­
porated by reference under 3 7 CFR 1.57. 
[0002] This application claims priority to and the benefit of 
UK Patent Application No. 1412578.5 filed in the UK Intel­
lectual Property Office on Jul. 15, 2014, the entire contents of 
which are incorporated herein by reference. 

REFERENCE TO SEQUENCE LISTING 

[0003] A Sequence Listing submitted as an ASCII text file 
via EFS-Web is hereby incorporated by reference in accor­
dance with 35 U.S.C. §1.52(e). The name of the ASCII text 
file for the Sequence Listing is 21122546.TXT, the date of 
creation of the ASCII text file is Jul. 14, 2015, and the size of 
the ASCII text file is 5.43 KB. 

BACKGROUND 

[0004] 1. Field of the Invention 
[0005] Aspects and embodiments of the present invention 
relate to the treatment of neurological disorders, for example 
neurodegenerative disorders such as Alzheimer's disease, 
Parkinson's disease and stroke. Particularly although not 
exclusively, the present invention relates at least in part to a 
GIP/GLPl co-agonist peptide for use in the treatment of such 
neurological disorders. Also included in the present invention 
are inter alia pharmaceutical compositions comprising a GIP/ 
GLPl co-agonist peptide for use in treatment of such disor­
ders, together with methods of treating such disorders as well 
as other subject matter. 
[0006] 2. Description of the Related Art 
[0007] Alzheimer's disease is a chronic neurodegenerative 
disorder for which there is no cure. Currently prescribed 
medication only temporarily relieves some of the symptoms. 
The main hallmarks of the disease are disorientation, loss of 
memory, loss of neurons and synapses in the brain, the accu­
mulation of beta-amyloid protein in the brain (amyloid 
plaques), and intracellular aggregation of hyperphosphory­
lated tau protein (tangles) (LaFerla and Oddo, 2005; Blennow 
et al., 2006). 
[0008] Parkinson' disease is also a chronic neurodegenera­
tive disease for which only delaying medication is available. 
The main hallmarks are tremor, rigor, and a loss of ability to 
move, the degeneration of neurons in the basal brain (sub­
stantia nigra) and the loss of release of the neurotransmitter, 
dopamine (Shen, 2010). 
[0009] Type 2 diabetes (T2DM) has been identified as a risk 
factor for AD and PD (Holscher, 2014 ), indicating that insulin 
signalling impairment may be a factor in initiating or accel­
erating the development of AD. Epidemiological studies 
found a clear correlation between T2DM and the risk of 
developing AD or other neurodegenerative disorders at a later 
stage (Luchsinger et al., 2004; Ristow, 2004; Ohara et al., 
2011 ). It was also shown that insulin signalling in the brain is 
desensitised in AD patients. Recent studies demonstrated that 
brains of AD patients had increased levels of inactivated 
phosphorylated insulin receptors and IRS-1 second messen­
gers, which are both indicative of insulin desensitisation 
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(Moloney et al., 2010; Bomfim et al., 2012; Talbot et al., 
2012). In PD, insulin signalling was also found to be impaired 
and linked to disease progression (Morris et al., 2011; Cereda 
et al., 2012). 
[0010] Glucagon-like peptide (GLP-1) is an endogenous 
31-amino acid peptide incretin hormone (Baggio and 
Drucker, 2007). GLP-1 receptor stimulation enhances beta­
cell proliferation in the pancreas by activating stem cell pro­
liferation, facilitates glucose-dependent insulin secretion and 
lowers blood glucose in patients with T2DM (Lovshin and 
Drucker, 2009). Three GLP-1 analogues are currently on the 
market as a treatment for diabetes, exendin-4 (Byetta®), lix­
isenatide (Lyxumia®) and liraglutide (Victoza®) (Campbell 
and Drucker, 2013; Elkinson and Keating, 2013). 
[0011] Glucose-dependent insulinotropic peptide (GIP), 
also known as gastric inhibitory polypeptide, is a 42-amino 
acid incretin hormone which activates pancreatic islets to 
enhance insulin secretion and to help reduce postprandial 
hyperglycaemia, similar to GLP-1 (Gault et al., 2003). GIP is 
a member of the seretin/glucagon family ofneuroregulatory 
polypeptides which also include the growth hormone releas­
ing factor. It is expressed in pancreatic alpha cells, endocrine 
cells, and also in neurons in the brain (Nyberg et al., 2007; 
Campbell and Drucker, 2013). GIP has also been shown to 
promote pancreatic beta-cell growth, differentiation, prolif­
eration and cell survival, documenting its growth-hormone 
properties (Gault et al., 2003). Therefore, research is on­
going to develop GIP as a therapeutic tool for T2DM treat­
ment (Irwin et al., 2006). There are currently no GIP ana­
logues authorised for the treatment ofT2D. 
[0012] Dual agonist peptides which target more than one 
receptor are being considered for the treatment ofT2D. Sev­
eral GIP/GLP-1 co-agonist peptides are currently in develop­
ment for the treatment of T2D. However, there are currently 
no GIP/GLP-1 dual agonists authorised for use to treat T2D. 
[0013] Recent investigations of the neuroproperties of 
GLP-1 and GIP have indicated that these peptides may play a 
role in preventing neurodegenerative hallmarks in several 
mouse models of Alzheimer's disease (AD) and also in ani­
mal models of Parkinson's disease (PD). 
[0014] Insulin as well as the incretins not only have growth­
factor like properties in the brain, but also modulate synaptic 
activity (Holscher, 2014). Synapses are the contacts between 
neurons, and they are important for memory formation and 
information processing in the brain. Direct injection of 
GLP-1 or long-lasting GLP-1 analogues into the brain mark­
edly enhanced long-term potentiation of synaptic transmis­
sion (LTP) in the hippocampus, a brain area that is involved in 
memory formation. LTP is considered a cellular correlate of 
memory formation (Bliss and Collingridge, 1993). The 
GLP-1 analogue, liraglutide, has been shown to upregulate 
LTP in the rat brain (McClean et al., 2010). 
[0015] In addition, GLP-1 analogues were able to prevent 
the impairment of LTP that was induced by beta-amyloid 
fragments (Gault and Holscher, 2008a; McClean et al., 2011; 
Gengler et al., 2012; Han et al., 2013). This impairment of 
LTP by amyloid protein may be the mechanism by which 
amyloid causes memory loss (Cleary et al., 2005). A study 
testing liraglutide in anAPP/PS 1 mouse model of AD showed 
that the drug can prevent the impairment in memory forma­
tion and synaptic plasticity, the reduction of total numbers of 
synapses, normalise stem cell proliferation and neurogenesis 
in the dentate gyrus, reduce the inflammation response, and 
furthermore reduce amyloid plaque load in the cortex and 
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total amyloid levels in the brain (McClean et al., 2011). In 
another study, liraglutide also had protective and regenerative 
effects in very old transgenic mice, demonstrating that even at 
an advanced stage of disease progression, memory can be 
improved and plaque load be reduced to some degree (Mc­
Clean and Holscher, 2013). 
[0016] Based on these findings in animal models, a clinical 
trial of liraglutide in AD patients has started. 
[0017] Furthermore, one prior art study has investigated the 
effects of exendin-4 in the 6-hydroxydopamine model of PD. 
After the lesion was induced, rats were treated with exendin-4 
and a protection of motor activity was observed. Histological 
analysis showed that exendin-4 significantly increased the 
number of both tyrosine hydroxylase- and vesicular 
monoamine transporter 2-positive neurons in the substantia 
nigra (Bertilsson et al., 2008). In a second study, two rodent 
models of PD, 6-hydroxydopamine (6-OHDA) and 
lipopolysaccaride (LPS), were used to test the effects of exen­
din-4. Motor control was much improved in the drug group, 
and striatal tissue concentrations of dopamine were markedly 
higher. In addition, exendin-4 reversed the loss of extracellu­
lar DA in the striatum (Harkavyi et al., 2008). 
[0018] Based on these studies, a clinical trial of exendin-4 
in PD patients has been initiated. This study reported that in 
several motor assessments and in a cognitive test patients had 
improved, and the improvements were maintained even after 
the drug had been discontinued for 12 months (Aviles-Olmos 
et al., 2013; Aviles-Olmos et al., 2014). 
[0019] Studies have also been carried out to determine 
whether GIP or GIP analogues have an effect in AD. It has 
been found that GIP analogues can prevent the LTP impair­
ment that beta-amyloid fragments induce on synaptic trans­
mission in the brain (Gault and Holscher, 2008b ). In a GIP 
receptor-deletion mouse strain, LTP was also impaired, and 
paired-pulse facilitation was reduced, indicating that the 
release of synaptic vesicles is reduced (Faivre et al., 2011 ). 
The long-lasting GIP analogue D-Ala2 -GIP also had neuro­
protective effects in an APP/PSI mouse model of AD. In 12 
months old mice, synaptic plasticity in area CAI of the hip­
pocampus and spatial memory formation was impaired in 
APP/PSI mice but was unimpaired in D-Ala2 -GIP treated 
APP/PSI mice. In addition, the amyloid plaque load was 
much reduced, showing impressive effects in reducing the 
main hallmarks of AD (Faivre and Hiilscher, 2013b). 
[0020] In aged 19 month old AD mice, the drug was still 
able to reverse some of the AD symptoms such as synapse loss 
(Faivre and Holscher, 2013a). In a longitudinal study, oxida­
tive stress and the inflammation response in the brain was 
much reduced in APP/PSI mice (Duffy and Holscher, 
2013b ). This suggests that these analogues have neuroprotec­
tive properties in AD and protect synapses from the detrimen­
tal effects ofbeta-amyloid. 
[ 0021] There remains a need to identify treatments for neu­
rological disorders such as for example the neurodegenera­
tive diseases, Alzheimer's disease and Parkinson's disease. 

SUMMARY 

[0022] It is an aim of certain embodiments of the present 
invention to at least partly mitigate the problems associated 
with the prior art. 
[0023] It is an aim of certain embodiments of the present 
invention to provide a therapeutic peptide for use in the treat­
ment and/or lessening the likelihood of occurrence, or even 
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prevention of a neurodegenerative disorder such as for 
example Alzheimer's disease and/or Parkinson's disease. 
[0024] It is an aim of certain embodiments of the present 
invention to provide a GIP/GLP-1 dual agonist peptide which 
has a superior property as compared to a GLP-1 mono ago­
nist, for use in the treatment and/or lessening the likelihood of 
occurrence, or even prevention of a neurological disorder. 
Examples of superior properties include for example a greater 
decrease in beta-amyloid plaque load and/or reduction of 
motor skill impairment. 
[0025] It is an aim of certain embodiments of the present 
invention to provide a GIP/GLP-1 dual agonist peptide which 
has a superior property as compared to a GIP mono agonist. 
Examples of superior properties include for example a greater 
decrease in beta-amyloid plaque load and/or reduction of 
motor skill impairment. 
[0026] It is an aim of certain embodiments of the present 
invention to provide a GIP/GLP-1 dual agonist peptide foruse 
in the treatment and/or lessening the likelihood of occurrence, 
or even prevention of a neurodegenerative disorder such as for 
example Alzheimer's disease and/or Parkinson's disease. 
[0027] In a first aspect of the present invention, there is 
provided a GIP/GLP-1 co-agonist peptide, or a derivative or a 
pharmaceutically acceptable or solvate of the peptide or the 
derivative, for use in the treatment and/or prophylaxis of a 
neurological disorder. Aptly, the co-agonist peptide has a 
GLP-1 percentage potency within about 10-fold of the GIP 
percentage potency. 
[0028] In one aspect of the present invention, there is pro­
vided a GIP/GLP-1 co-agonist peptide or a pharmaceutically 
acceptable salt or solvate thereof for use in the treatment 
and/or prophylaxis of a neurological disorder, wherein the 
co-agonist peptide is represented by the general Formula I: 

[SEQ ID No. 12] 
Tyr-Aib-Glu-Gly-Thr-Phe-Thr-Ser-Asp-Tyr-Ser-Ile-

Tyr-Leu-Asp-Lys-Gln-Ala-Ala-Aib-Glu-Phe-Val­

Xaa24-Trp-Leu-Leu-Ala-Gly-Yl-R2 (I) 

[0029] wherein 
[0030] Xaa24 is selected fromAsn and Cys; 
[0031] Yl is selected from absent or an extension compris­
ing at least eight amino acid molecules; and 
[0032] R2 is selected from -NH2 and-OH. 
[0033] Aptly, the peptide is for use in the treatment and/or 
lessening the likelihood of occurrence, or even prevention of 
a neurodegenerative disorder, e.g. Alzheimer's disease or 
Parkinson's disease. 
[0034] Also provided herein is a pharmaceutical composi­
tion which comprises a GIP/GLP-1 co-agonist peptide as 
described herein and a pharmaceutically acceptable carrier 
for use in the treatment and/or prophylaxis of a neurological 
disorder as described herein. Further provided in the present 
disclosure is a kit including such a pharmaceutical composi­
tion. 
[0035] Also provided is a method of treating and/or lessen­
ing the likelihood of occurrence, or even preventing a neuro­
logical disorder as described herein, the method comprising 
administering a pharmaceutically effective amount of a GIP/ 
GLP-1 co-agonist peptide as described herein to a subject in 
need thereof. 
[0036] Further details of embodiments of the invention are 
provided below. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0037] Certain embodiments of the present invention are 
described in more detail below with reference to the follow­
ing drawings: 
[0038] As used herein, the abbreviation "DAI" refers to a 
GIP/GLP-1 co-agonist consisting of the amino acid sequence 
shown in SEQ ID No. 1. 
[0039] As used herein, the abbreviation "DA2" refers to a 
GIP/GLP-1 co-agonist consisting of the amino acid sequence 
shown in SEQ ID No. 2. 
[0040] FIG. 1 illustrates an immunohistochemical mea­
surement ofbeta-amyloid plaque load in the cortex of trans­
genic mice (Alzheimer's disease model). All peptides 
reduced the plaque load. Both co-agonist peptides (DAI and 
DA2) of embodiments of the present invention were superior 
to the single GIP or GLP-1 analogues and administration of 
DAI and DA2 reduces beta-amyloid plaque load as quantified 
by beta amyloid immunohistochemistry and determination of 
the% area positive for beta amyloid in cross sections of the 
brain cortex. *=p<0.05, **=p<0.01; ***=p<0.005. N=5 per 
group. 
[0041] FIG. 2 is a graph illustrating that the DAI and DA2 
peptides protected from synapse loss in the cortex of trans­
genic mice (Alzheimer's disease model) as quantified by 
immunohistochemical measurement of synaptic densities in 
the cortex of the transgenic mice. All peptides protected from 
synapse loss. Both co-agonistpeptides of embodiments of the 
present invention were superior to the single GIP or GLP-1 
analogues. *=p<0.05, **=p<0.01; ***=p<0.005. N=5 per 
group. 
[0042] FIG. 3 is a graph illustrating that the DAI and DA2 
peptides protect mice from an impairment of motor skills 
induced by MPTP to reduce the levels of dopamine. A rotarod 
motor skill test was carried out as described below. Each 
animal's endurance time was recorded, and the average was 
calculated. Data were analysed using a one-way ANOVA 
with post-hoc Bonferroni tests. Both co-agonist peptides of 
embodiments of the present invention were superior to the 
single GIP or GLP-1 analogues. Control=wild type mouse 
without MPTP. *=p<0.05, **=p<0.01; ***=p<0.005. N=6 
per group. 
[0043] FIG. 4 illustrates that the DAI and DA2 peptides 
protect mice from an impairment of motor activity induced by 
MPTP to reduce the levels of dopamine. Both co-agonist 
peptides of embodiments of the present invention were supe­
rior to the single GIP or GLP-1 analogues. *=p<0.05, 
**=p<0.01; ***=p<0.005. N=6 per group. 
[0044] FIG. 5 is a graph illustrating that the peptides protect 
mice from an impairment of motor activity induced by MPTP 
to reduce the levels of dopamine. Open-field motor activity 
tasks were performed as described below. Both co-agonist 
peptides of embodiments of the present invention were supe­
rior to the single GIP or GLP-1 analogues. *=p<0.05, 
**=p<0.01; ***=p<0.005. N=6 per group. 
[0045] FIG. 6 illustrates MPTP-induced reduction of the 
enzyme TH that synthetises dopamine in the substantia nigra, 
pars compacta. A reduction is prevented by all peptides in the 
brain area sustantia nigra pars compacta. *=p<0.05, **=p<0. 
01; ***=p<0.005. N=6 per group. 
[0046] FIG. 7 is a graph illustrating MPTP-induced reduc­
tion of the enzyme TH that synthetises dopamine in the basal 
ganglia brain region. A reduction is prevented by all peptides 
in the striatum brain area. *=p<0.05, **=p<0.01; ***=p<0. 
005. N=6 per group. 
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[0047] FIG. 8 details amino acid sequences of peptides as 
described herein. 

DETAILED DESCRIPTION 

[0048] The practice of embodiments of the present inven­
tion will employ, unless otherwise indicated, conventional 
techniques of molecular biology, microbiology, recombinant 
DNA technology and immunology, which are within the skill 
of those working in the art. 
[0049] Most general molecular biology, microbiology 
recombinant DNA technology and immunological tech­
niques can be found in Sambrook et al, Molecular Cloning, A 
Laboratory Manual (2001) Cold Harbor-Laboratory Press, 
Cold Spring Harbor, N.Y. or Ausubel et al., Current protocols 
in molecular biology (1990) John Wiley and Sons, N.Y. 
Unless defined otherwise, all technical and scientific terms 
used herein have the same meaning as commonly understood 
by one of ordinary skill in the art to which this disclosure 
belongs. For example, the Concise Dictionary of Biomedi­
cine and Molecular Biology, Juo, Pei-Show, 2nd ed., 2002, 
CRC Press; The Dictionary of Cell and Molecular Biology, 
3rd ed., Academic Press; and the Oxford University Press, 
provide a person skilled in the art with a general dictionary of 
many of the terms used in this disclosure. 
[0050] Throughout the description and claims of this speci­
fication, the words "comprise" and "contain" and variations 
of them mean "including but not limited to" and they are not 
intended to (and do not) exclude other moieties, additives, 
components, integers or steps. Throughout the description 
and claims of this specification, the singular encompasses the 
plural unless the context otherwise requires. In particular, 
where the indefinite article is used, the specification is to be 
understood as contemplating plurality as well as singularity, 
unless the context requires otherwise. 
[0051] Features, integers, characteristics or groups 
described in conjunction with a particular aspect, embodi­
ment or example of the invention are to be understood to be 
applicable to any other aspect, embodiment or example 
described herein unless incompatible therewith. All of the 
features disclosed in this specification (including any accom­
panying claims, abstract and drawings), and/or all of the steps 
of any method or process so disclosed, may be combined in 
any combination, except combinations where at least some of 
the features and/or steps are mutually exclusive. The inven­
tion is not restricted to any details of any embodiments dis­
closed herein. The invention extends to any novel one, or 
novel combination, of the features disclosed in this specifi­
cation (including any accompanying claims, abstract and 
drawings), or to any novel one, or any novel combination, of 
the steps of any method or process so disclosed. 
[0052] The reader's attention is directed to all papers and 
documents which are filed concurrently with or previous to 
this specification in connection with this application and 
which are open to public inspection with this specification, 
and the contents of all such papers and documents are incor­
porated herein by reference. 
[0053] Units, prefixes and symbols are denoted in their 
Systeme International de Unitese (SI) accepted form. 
Numeric ranges are inclusive of the numbers defining the 
range. Unless other indicated, amino acid sequences are writ­
ten left to right in amino to carboxy orientation. All amino 
acid residues in peptides of embodiments of the invention are 
preferably of the L-configuration. However, D-configuration 
amino acids may also be present. 
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[0054] The present disclosure relates to the use of GIP/ 
GLP-1 co-agonist peptides. The native human GLP-1 peptide 
and GIP peptide sequences are known in the art. The term 
"GLP-1 ", or "hGLP-1" as used herein refers to the human 
Glucagon-Like Peptide-I (GLP-1 (7-37)), the sequence of 
which is included herein as SEQ ID No. 8. The peptide having 
the sequence of SEQ ID No 8 may also be designated "native" 
GLP-1. 
[0055] The Homo sapiens GLP-1(7-37) sequence is: 

[SEQ ID No. 8] 
HAEGTFTSDVSSYLEGQAAK EFIAWLVKGR G-OH 

[0056] The term "GIP", or "hGIP" as used herein refers to 
the human Gastric Inhibitory Peptide ( also known as glucose­
dependent insulinotropic peptide) the sequence of which is 
included herein as SEQ. ID No. 9. The peptide having the 
sequence of SEQ. ID No. 9 may also be designated "native" 
GIP: 

[SEQ ID No. 9] 
YAEGTFISDYSIAMDKIHQQDFVNWLLAQKGKKNDWKHNITQ-OH 

[0057] As used herein, a general reference to "GIP" or 
"GLP-1" in the absence of any further designation is intended 
to mean native GIP or native GLP-1, respectively. 
[0058] As used herein, the term "peptide" encompasses a 
sequence of3 or more amino acids and typically less than 50 
amino acids, wherein the amino acids are naturally occurring 
or non-naturally occurring amino acids. Non-naturally occur­
ring amino acids refer to amino acids that do not naturally 
occur in vivo but which, nevertheless, can be incorporated 
into the peptide structures described herein. 
[0059] As used herein, the terms "polypeptide" and "pro­
tein" are terms that are used interchangeably to refer to a 
polymer of amino acids, without regard to the length of the 
polymer. Typically, polypeptides and proteins have a polymer 
length that is greater than that of "peptides." 
[0060] As used herein an amino acid "modification" refers 
to a substitution, addition or deletion of an amino acid, and 
includes substitution with or addition of any of the 20 amino 
acids commonly found in human proteins, as well as atypical 
or non-naturally occurring amino acids. Throughout the 
application, all references to a particular amino acid position 
by number ( e.g. position 28) refer to the amino acid at that 
position in the GIP/GLP-1 dual agonist of embodiments of 
the present invention. 
[0061] Throughout this specification, the conventional one 
letter and three letter codes for naturally occurring amino 
acids are used, as well as generally accepted three letter codes 
for other amino acids, such as for example Aib (a-ami­
noisobutyric acid). 
[0062] Thus, in an aspect of the present invention, there is 
provided a GIP/GLP-1 co-agonist peptide, or a derivative or a 
pharmaceutically acceptable salt or solvate of the peptide or 
the derivative, for use in the treatment and/or prophylaxis of 
a neurological disorder. Aptly, the co-agonist peptide has a 
GLP-1 percentage potency within about 10-fold of the GIP 
percentage potency. 
[0063] As used herein, the term "agonist" refers to a sub­
stance (ligand) that activates the receptor type in question. 
The terms "dual agonist" and "co-agonist" are used herein are 
interchangeable and refer to a substance (ligand) that activate 
two receptor types. Aptly, the GIP/GLP-1 co-agonist peptides 
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described herein have balanced activity at both the GLP-lR 
and the GIPR. In one embodiment, the co-agonist peptide has 
an EC50 at the human GLP-1 receptor within about 10-fold of 
the EC50 at the human GIP receptor. Activity in in vitro assays 
may be used as a measure of the peptides' activity. 
[0064] Further embodiments of the invention are described 
herein. 
[0065] In one aspect of the present invention, there is pro­
vided a GIP/GLP-1 co-agonist peptide or a pharmaceutically 
acceptable salt or solvate thereof for use in the treatment 
and/or prophylaxis of a neurological disorder, wherein the 
co-agonist peptide is represented by the general Formula I: 

[SEQ ID No. 12] 
Tyr-Aib-Glu-Gly-Thr-Phe-Thr-Ser-Asp-Tyr-Ser-Ile-

Tyr-Leu-Asp-Lys-Gln-Ala-Ala-Aib-Glu-Phe-Val­

Xaa24-Trp-Leu-Leu-Ala-Gly-Yl-R2 (I) 

[0066] wherein 
[0067] Xaa24 is selected from Asn and Cys; 
[0068] Yl is selected from absent or an extension compris­
ing at least eight amino acid molecules; and 
[0069] R2 is selected from -NH2 and-OH. 
[0070] In one embodiment, the GIP-GLP-1 co-agonist pep­
tide is an isolated peptide. 
[0071] In one embodiment, Xaa24 is Cys. In one embodi­
ment, Xaa24 is Asn. 
[0072] Aptly, Yl is an extension comprising at least 10 
amino acids. 
[0073] Aptly, Yl is an extension comprising at least 11 
amino acids. 
[0074] Aptly, Yl is selected from: 

and 

[SEQ ID No. 3] 
Gly-Pro-Ser-Ser-Gly-Ala-Pro-Pro-Pro-Ser; 

[SEQ ID No. 4] 
Gly-Pro-Ser-Ser-Gly-Ala-Pro-Pro-Pro-Ser-Lys; 

[SEQ ID No. 5] 
Gly-Pro-Ser-Ser-Gly-Ala-Pro-Pro-Pro-Ser-Cys; 

[SEQ ID No. 6] 
Pro-Ser-Ser-Gly-Ala-Pro-Pro-Pro-Ser; 

[SEQ ID No. 7] 
Pro-Ser-Ser-Gly-Ala-Pro-Pro-Ser; 

[0075] absent. 
[0076] Aptly, Yl is Gly-Pro-Ser-Ser-Gly-Ala-Pro-Pro-Pro­
Ser [SEQ ID No. 3]. 
[0077] In one embodiment, Yl is Gly-Pro-Ser-Ser-Gly­
Ala-Pro-Pro-Pro-Ser-Cys [SEQ ID No. 5]. 
[0078] In one embodiment, Yl is Gly-Pro-Ser-Ser-Gly­
Ala-Pro-Pro-Pro-Ser-Lys [SEQ ID No. 4]. 
[0079] In one embodiment, the carboxyl terminus of the 
peptide is amidated. 
[0080] In one embodiment, the carboxyl terminus of the 
peptide is umnodified. 
[0081] In one embodiment, the co-agonist peptide com­
prises a hydrophilic moiety covalently linked to an amino 
acid residue. Thus, in some embodiments, the co-agonist 
peptide comprises a hydrophilic moiety e.g. a hydrophilic 
polymeric moiety. One or more side chains of an amino acid 
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residue in the peptide may be conjugated to the polymeric 
moiety, for example, in order to increase solubility and/or 
half-life in vivo ( e.g. in plasma) and/or bioavailability. Such 
modification is also known to reduce clearance ( e.g. renal 
clearance) of therapeutic proteins and peptides. 
[0082] Aptly, the co-agonist peptide comprises a hydro­
philic moiety covalently linked to an amino acid at position 24 
(Xaa24

). 

[0083] In one embodiment, the co-agonist peptide com­
prises a hydrophilic moiety covalently linked to an amino 
acid at position 39 or 40, when Yl is an extension comprising 
at least 10 amino acids or at least eleven amino acids. 
[0084] In one embodiment, Xaa39 or Xaa40 is Cys and the 
co-agonist peptide comprises a hydrophilic moiety 
covalently linked to Cys(39) or Cys( 40). 
[0085] Aptly, Xaa24 is Cys and wherein the co-agonist pep­
tide comprises a hydrophilic moiety covalently linked to Cys 
(24). 
[0086] In one embodiment, the hydrophilic moiety is a 
polymeric moiety. In one embodiment, the polymeric moiety 
is a water-soluble polymer. The polymeric moiety is aptly 
water-soluble, non-toxic, and pharmaceutically inert. 
[0087] Aptly, the water-soluble polymer is a polyethylene 
glycol and in some embodiments, the peptide is "pegylated". 
As used herein, the terms "pegy lated" and "pegy lation" have 
their general meaning in the art and refer generally, for 
example, to the process of chemically modifying a peptide as 
described herein by covalent attachment of one or more mol­
ecules of polyethylene glycol or a derivative thereof, such as 
by reacting a polyalkylene glycol, preferably an activated 
polyalkylene glycol, with a suitable reactive group or moiety 
such as an amino acid, e.g. lysine, to form a covalent bond. 
[0088] Although "pegylation" is often carried out using 
polyethylene glycol or derivatives thereof, such as methoxy 
polyethylene glycol, the term as used herein also includes any 
other useful polyalkylene glycol, such as, for example 
polypropylene glycol. As used herein, the term "PEG" refers 
to polyethylene glycol and its derivatives as understood in the 
art (see for example U.S. Pat. Nos. 5,445,090, 5,900,461, 
5,932,462, 6,436,386, 6,448,369, 6,437,025, 6,448,369, 
6,495,659, 6,515,100, and 6,514,491). 
[0089] The polymer used for pegylation can be of any 
molecular weight, and can be branched or unbranched. Aptly, 
the polyethylene glycol has a molecular weight between 
about 1000 Daltons and about 100,000 Da (the term "about" 
indicating that in preparations of polyethylene glycol, some 
molecules will weigh more, some less, than the stated 
molecular weight). For example, the polyethylene glycol can 
have an average molecular weight of about 1000, 5000, 
10000, 15000, 20000, 25000, 30000, 35000, 40000, 50000, 
60000, 70000, 80000, 90000 or 100000 Da. 
[0090] Aptly, the PEG moiety can be covalently bound 
through amino acid residues via a reactive group, such as, a 
free amino, carboxyl group or sulfhydryl group. Reactive 
groups are those to which an activated PEG molecule can be 
bound. Examples of naturally occuring amino acid residues 
having a free amino group include lysine residues and the 
N-terminal amino acid residues; those having a free carboxyl 
group include aspartic acid residues glutamic acid residues 
and the C-terminal amino acid residue. Sulfhydryl groups 
(e.g., on cysteine) can also be used as a reactive group for 
attaching the polyethylene glycol molecules. PEG molecules 
may also be incorporated by conjugation to reactive func­
tional groups introduced synthetically as unnatural amino 
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acids or alternatively, PEG may be conjugated to the peptide 
using orthogonal methods during peptide synthesis. 

[0091] One such strategy is to link a PEG to a cysteine 
residue that is part of the GIP/GLP-1 co-agonist peptide. 
Attachment to cysteine can be achieved using various 
approaches. One common method involves reacting a PEG­
maleimide to the thiol group of cysteine. Another approach is 
to attach PEG to the carboxy-terminus of the peptide via 
enzymatic coupling (as described in for example U.S. Pat. 
No. 4,343,898). 

[0092] The water soluble polymer, e.g. a PEG moiety, may 
be straight-chain or branched. It may have a molecular weight 
of 500-60,000 Da, for example 500-10,000 Da, 1000-5000 
Da, 10,000-20,000 Da, or 20,000-60,000 Da. Aptly, the PEG 
has a molecular weight of approximately 40,000 Da. 

[0093] The number of PEG moieties attached to each pep­
tide (i.e., the degree of substitution) can also vary. For 
example, the peptide may be linked, on average, to 1, 2, 3, 4, 
or 5, or more polyethylene glycol molecules. Methods for 
determining the degree of substitution are discussed, for 
example, in Delgado et al., 1992, Crit. Rev. Thera. Drug 
Carrier Sys. 9:249-304. 

[0094] In an embodiment, the water soluble polymer is a 
polyethylene glycol moiety having an average molecular 
weight of between about 20,000 Dal tons and about 60,000 
Daltons. 

[0095] Aptly, the water soluble polymer is a polyethylene 
glycol moiety having a molecular weight of between about 
35,000 Daltons and about 45,000 Daltons. Aptly, the water 
soluble polymer is a polyethylene glycol moiety having a 
molecular weight of approximately 40,000 Daltons. 

[0096] In one embodiment, Xaa24 is Cys and the co-agonist 
peptide comprises a PEG molecule having an average 
molecular weight of 40,000 Daltons covalently linked to Cys 
(24). 

[0097] Other suitable polymeric moieties include poly­
amino acids such as poly-lysine, poly-aspartic acid and poly­
glutamic acid (see for example Gombotz, et al. (1995), Bio­
conjugate Chem., vol. 6:332-351; Hudecz, et al. (1992), 
Bioconjugate Chem., vol. 3, 49-57; Tuskada, et al. (1984), J. 
Natl. Cancer Inst., vol 73: 721-729; and Pratesi, et al. (1985), 
Br. J. Cancer, vol. 52: 841-848). 

[0098] In one embodiment, the peptide comprises a lipo­
philic substituent. Thus, in one embodiment, one or more of 
the amino acid side chains in the peptide may be conjugated 
to a lipophilic substituent. The lipophilic substituent may be 
covalently bonded to an atom in the amino acid side chain. In 
one embodiment, the lipophilic substituent may be conju­
gated to a side chain of an amino acid by a spacer. The term 
"conjugated" as used herein refers to a physical attachment of 
one identifiable moiety to another and the structural relation­
ship between such moieties. 

[0099] Without being bound by theory, in certain embodi­
ments, it is understood that the lipophilic substituent binds 
albumin in the blood stream, therefore shielding the peptide 
of embodiments of the invention from enzymatic degradation 
and thereby enhancing the half-life of the peptide. It may also 
modulate the potency of the peptide. 

[0100] The peptides as described herein may comprise one 
or more lipophilic substituents. If the peptide comprises more 
than one lipophilic substituent, they may be the same or 
different. 
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[0101] Aptly, the lipophilic substituent may include a 
hydrocarbon chain having 4 to 30 C atoms. Aptly, the lipo­
philic substituent comprises a hydrocarbon chain having 10 to 
24 carbon (C) atoms. 
[0102] In one embodiment, the peptide comprises a lipo­
philic substituent having at least 8 or 12 C atoms. Aptly, the 
lipophilic substituent has 24 C atoms or fewer. In one embodi­
ment, the lipophilic substituent has 14 C atoms. In one 
embodiment, the lipophilic substituent has 16 C atoms. 
[0103] The hydrocarbon chain may be linear or branched 
and may be saturated or unsaturated. Aptly, the hydrocarbon 
chain is substituted with a moiety which forms part of the 
attachment to the amino acid side chain or a spacer, for 
example an acyl group, a sulphonyl group, an N atom, an 0 
atom or an S atom. 
[0104] In one embodiment, the lipophilic substituent com­
prises an acyl group. In one embodiment, the lipophilic sub­
stituent is a fatty acid molecule. Aptly, the fatty acid molecule 
is selected from a C-8 octanoyl group, a C-10 decanoyl group, 
a C-12 lauroyl group, a C-14 myristoyl group, a C-16 palmi­
toyl group, a C-18 steamy! group and a C-20 acyl group. 
[0105] Inoneembodiment, thehydrocarbonchainhas 16C 
atoms and is saturated. In one embodiment, the lipophilic 
substituent is palmitate. 
[0106] In one embodiment, the lipophilic substituent is 
conjugated to an amino acid side chain by a spacer. Aptly, 
when present, the spacer is attached to the lipophilic substitu­
ent and to the amino acid side chain. In one embodiment, the 
spacer is a natural or an unnatural amino acid. Alternatively, 
the spacer comprises a number of repeat units, each of which 
is a natural or an unnatural amino acid. Aptly, the spacer ( or 
one or more of the repeat units of the spacer, if it has repeat 
units) is selected from Gly, Pro, Ala, Val, Leu, Ile, Met, Cys, 
Phe, Tyr, Trp, His, Lys, Arg, Gin, Asn, a-Glu, y-Glu, Asp, Ser, 
Thr, Gaba, Aib, ~-Ala, 5-aminopentanoyl, 6-aminohexanoyl, 
7 -aminoheptanoy I, 8-aminooctanoy I, 9-aminononanoy I, 
10-aminodecanoy and 8-amino-3,6-dioxaoctanoyl. 
[0107] In one embodiment, the spacer is gamma glutamine 
(y-Glu). 
[0108] Aptly, the lipophilic substituent is conjugated to any 
amino acid side chain in the peptide of embodiments of the 
present invention. Aptly, the amino acid side chain includes a 
carboxyl, hydroxyl, thiol, amide or amine group, for forming 
an ester, a sulphonyl ester, a thioester, an amide or a sulpho­
namide with the spacer or the lipophilic substituent. For 
example, the lipophilic substituent or the spacer may be con­
jugated toAsn,Asp, Glu, Gin, His, Lys,Arg, Ser, Thr, Tyr, Trp 
or Cys of the peptide. 
[0109] Aptly, the peptide comprises a lipophilic substituent 
which is a Cl 6 saturated fatty acid moiety conjugated to the 
peptide by a y-Glu spacer. Aptly, the y-Glu spacer is conju­
gated to a Lys amino acid residue at the carboxyl terminus of 
the peptide. 
[011 OJ In an alternative embodiment, the peptide comprises 
a Cl 6 saturated fatty acid moiety covalently bonded to a Lys 
amino acid residue at the carboxyl terminus of the peptide. 
[0111] In one embodiment, the co-agonist peptide com­
prises a spacer which conjugates the lipophilic substituent to 
an amino acid of the peptide. Aptly, the spacer is a residue 
from a naturally occurring or unnatural amino acid. 
[0112] In one embodiment, the co-agonist peptide further 
comprises one or more conservative amino acid substitutions. 
As used herein an amino acid "substitution" refers to the 
replacement of one amino acid residue by a different amino 
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acid residue. As used herein, the term "conservative amino 
acid substitution" is defined herein as exchanges within one 
of the following five groups: 

I. Small Aliphatic, Nonpolar or Slightly Polar Residues: 

[0113] Ala, Ser, Thr, Pro, Gly; 

II. Polar, Negatively Charged Residues and their Amides and 
Esters: 

[0114] Asp, Asn, Glu, Gin, cysteic acid and homocysteic 
acid; 

III. Polar, Positively Charged Residues: 

[0115] His, Arg, Lys; Omithine (Om) 

IV. Large, Aliphatic, Nonpolar Residues: 

[0116] Met, Leu, Ile, Val, Cys, Norleucine (Nie), homocys­
teine 

V. Large, Aromatic Residues: 

[0117] Phe, Tyr, Trp, acetyl phenylalanine 

[0118] In an embodiment, the co-agonist peptide comprises 
the following amino acid sequence: 

[SEQ ID No. 1] 
YXEGTFTSDYSIYLDKQAAXEFVNWLLAGGPSSGAPPP 

S[Lys-C16]-NH2 

[0119] wherein C16 is a saturated fatty acid, wherein 
optionally C16 is palmitate and wherein Xis amino-isobu­
tyric acid. Aptly, the carboxyl terminus is amidated. 

[0120] In an embodiment, the co-agonist peptide consists 
of the following amino acid sequence: 

[SEQ ID No. 1] 
YXEGTFTSDYSIYLDKQAAXEFVNWLLAGGPSSGAPPP 

S[Lys-C16]-NH2 

[0121] wherein C16 is a saturated fatty acid, wherein 
optionally Cl 6 is palmitate and further wherein X is amino­
isobutyric acid. Aptly, the peptide does not comprise a linker 
between the fatty acid and theC-terminus amino acid (Lys) of 
the peptide. Aptly, the carboxyl terminus is amidated. 

[0122] In one embodiment, the co-agonist peptide com­
prises the following amino acid sequence: 

[SEQ ID No. 2] 
YXEGTFTSDYSIYLDKQAAXEFV[Cys-40 kDaPEG]WLLAGGPSSGA 

PPPS[Lys-yE-C16]-NH2 

[0123] wherein C16 is a saturated fatty acid, wherein 
optionally C16 is palmitate and wherein Xis amino-isobu­
tyric acid. Aptly, the peptide comprises a PEG molecule hav­
ing an average molecular weight of 40 kDa covalently linked 
to Cys24. Aptly, the peptide comprises a gamma-glutamate 
linker between the C-terminal amino acid of the peptide and 
the fatty acid. Aptly, the carboxyl terminus is amidated. 
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[0124] In one embodiment, the co-agonist peptide consists 
of the following amino acid sequence: 

[SEQ ID No. 2] 
YXEGTFTSDYSIYLDKQAAXEFV[Cys-40 kDaPEG]WLLAGGPSSGA 

PPPS [Lys-yE-C16]-NH2 

[0125] wherein C16 is a saturated fatty acid, wherein 
optionally C16 is palmitate and wherein X is amino-isobu­
tyric acid. Aptly, the peptide comprises a PEG molecule hav­
ing an average molecular weight of 40 kDa covalently linked 
to Cys24. Aptly, the peptide comprises a gamma-glutamate 
linker between the C-terminal amino acid of the peptide and 
the fatty acid. Aptly, the carboxyl terminus is amidated. 
[0126] In one embodiment, the co-agonist peptide is foruse 
to attenuate long term potentiation (LTP) of synaptic trans­
m1ss10n. 
[0127] In one embodiment, the co-agonist peptide is foruse 
in the treatment of a neurological disorder which is caused by 
or associated with beta-amyloid protein plaque deposition in 
an area of the patient. Aptly, the beta-amyloid plaque depo­
sition is in the brain of the patient. 
[0128] In one embodiment, the co-agonist peptide is foruse 
in the treatment and/or prophylaxis ofa neurological disorder 
caused by, or associated with, dysfunction of long-term 
potentiation of synaptic transmission. 
[0129] In one embodiment, the co-agonistpeptide is for use 
in the treatment and/or prophylaxis ofa neurological disorder 
caused by, or associated with, inflammation. 
[0130] In one embodiment, the co-agonistpeptide is foruse 
in the treatment of a neurological disorder associated with 
motor impairment. 
[0131] In one embodiment, the co-agonist peptide is foruse 
in the treatment and/or prophylaxis ofa neurological disorder 
affecting cognitive function, e.g. dementia, stroke, schizo­
phrenia and/or bipolar disorder. 
[0132] In one embodiment, the co-agonist peptide is for the 
treatment of cerebral ischemia associated with stroke. 
[0133] In one embodiment, the co-agonistpeptide is for use 
in the treatment and/or prophylaxis of a disorder selected 
from post-traumatic stress disorder, epilepsy, Tourette's syn­
drome, and hallucinations; and dysfunctional cognitive pro­
cesses, optionally selected from attention, calculation, 
memory, judgment, insight, learning and reasoning. 
[0134] In one embodiment, the co-agonistpeptide is for use 
in the treatment and/or prophylaxis of a neurodegenerative 
disorder e.g. Alzheimer's disease, Parkinson's disease, 
Amyotrophic Lateral Sclerosis, peripheral neuropathy, Hun­
tington's disease and Creutzfeldt-Jacob disease. 
[0135] In one embodiment, the co-agonist peptide is foruse 
in the treatment and/or prophylaxis of multiple sclerosis. 
[0136] In one embodiment, the co-agonistpeptide is foruse 
in the treatment and/or prophylaxis ofa neurological disorder 
selected from clinical or pre-clinical Alzheimer's disease, 
prodromal Alzheimers disease, and clinical or preclinical 
amyloid angiopathy (CAA). 
[0137] In one embodiment, the co-agonistpeptide is foruse 
in the treatment and/or prophylaxis of clinical Alzheimer's 
disease. 
[0138] In one embodiment, the co-agonist peptide is foruse 
in the treatment and/or prophylaxis of Parkinson's disease. 
[0139] In a further aspect of the present invention, there is 
provided a method of treating and/or lessening the likelihood 
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of occurrence, or even preventing a neurological disorder 
comprising administering to a patient in need thereof a phar­
maceutical composition comprising a GIP/GLP-1 co-agonist 
peptide, or a derivative or a pharmaceutically acceptable salt 
or solvate of the peptide or the derivative, 
[0140] wherein said co-agonist peptide is represented by 
the general Formula I; 

[SEQ ID No. 12] 
Tyr-Aib-Glu-Gly-Thr-Phe-Thr-Ser-Asp-Tyr-Ser-Ile-

Tyr-Leu-Asp-Lys-Gln-Ala-Ala-Aib-Glu-Phe-Val-Xaa24
-

Trp-Leu-Leu-Ala-Gly-Yl-R2 (I) 

[0141] wherein 
[0142] Xaa24 is selected fromAsn and Cys; 
[0143] Yl is selected from absent or an extension compris­
ing at least nine amino acid molecules; and 
[0144] R2 is selected from -NH2 and-OH. 
[0145] In one embodiment, the method comprises admin­
istering a co-agonist peptide as described herein. 
[0146] Aptly, the co-agonist peptide comprises the follow­
ing sequence: 

[SEQ ID No. 1] 
YXEGTFTSDYSIYLDKQAAXEFVNWLLAGGPSSGAPPP 

S[Lys-C16]-NH2, 

[0147] wherein C16 is a saturated fatty acid. Aptly, C16 is 
palmitate. Aptly, X is amino-isobutyric acid. Aptly, the pep­
tide does not comprise a linker between the fatty acid and the 
C-terminus amino acid of the peptide.Xis amino-isobutyric 
acid. 
[0148] Aptly, the peptide comprises the following 
sequence: 

[SEQ ID. No. 2] 
YXEGTFTSDYSIYLDKQAAXEFV[Cys-40 kDaPEG]WLLAGGPSSGAP 

PPS[Lys-yE-C16]-NH2 

[0149] wherein C16 is a saturated fatty acid. Aptly, C16 is 
palmitate. Aptly, Xis amino-isobutyric acid. 
[0150] Aptly, the peptide comprises a PEG molecule hav­
ing an average molecular weight of 40 kDa covalently linked 
to Cys24. Aptly, the peptide comprises a gamma-glutamate 
linker between the C-terminal amino acid of the peptide and 
the fatty acid. 
[0151] In one embodiment, the method is for the treatment 
of a neurological disorder selected from post-traumatic stress 
disorder, epilepsy, Tourette's syndrome, and hallucinations; 
and dysfunctional cognitive processes. Aptly, the disorder is a 
dysfunctional cognitive process selected from attention, cal­
culation, memory, judgment, insight, learning and reasoning. 
[0152] In one embodiment, the method is a method of treat­
ing and/or lessening the likelihood of occurrence, or even 
preventing a neurodegenerative disorder. Aptly, the neurode­
generative disorder is selected from Alzheimer's Disease, 
Parkinson's Disease, Huntington's disease, Amyotrophic 
Lateral Sclerosis, peripheral neuropathy, and Creutzfeldt-Ja­
cob disease. 
[0153] In one embodiment, the method is a method of treat­
ing and/or lessening the likelihood of occurrence, or even 
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preventing a neurological disorder selected from clinical or 
pre-clinical Alzheimer's disease, prodromal Alzheimer's dis­
ease, and clinical or preclinical amyloid angiopathy (CAA). 
[0154] In one embodiment, the method is for the treatment 
and/or lessening the likelihood of occurrence, or even pre­
vention of clinical Alzheimer's disease. In one embodiment, 
the method is for the treatment and/or lessening the likelihood 
of occurrence of Parkinson's Disease. 

[0155] In one embodiment, the method is a method ofless­
ening the likelihood of occurrence, or even preventing and/or 
treating stroke. Aptly, the method is a method oflessening the 
likelihood of occurrence, or even preventing and/or treating 
cerebral ischemia associated with stroke. 
[0156] In one embodiment, the method is a method ofless­
ening the likelihood of occurrence, or even preventing and/or 
treating multiple sclerosis. 
[0157] In a further aspect of the present invention, there is 
provided a GIP/GLP-1 co-agonist peptide for use in the treat­
ment and/or prophylaxis of clinical Alzheimer's disease, 
comprising the following sequence: 

[SEQ ID No. 1] 
YXEGTFTSDYSIYLDKQAAXEFVNWLLAGGPSSGAPPP 

S[Lys-C16]-NH2, 

[0158] wherein Cl6 is a saturated fatty acid. Aptly, Cl6 is 
palmitate. Aptly, Xis amino-isobutyric acid. 
[0159] In a further aspect of the present invention, there is 
provided a GIP/GLP-1 co-agonist peptide for use in the treat­
ment and/or prophylaxis of clinical Alzheimer's disease, 
wherein the peptide consists of the following sequence: 

[SEQ ID No. 1] 
YXEGTFTSDYSIYLDKQAAXEFVNWLLAGGPSSGAPPP 

S[Lys-C16]-NH2, 

[0160] wherein Cl6 is a saturated fatty acid. Aptly, Cl6 is 
palmitate. Aptly, Xis amino-isobutyric acid. 
[0161] In a further aspect of the present invention, there is 
provided a peptide for use in the treatment and/or prophylaxis 
of clinical Alzheimer's disease, comprising the following 
sequence: 

[SEQ ID No. 2] 
YXEGTFTSDYSIYLDKQAAXEFV[Cys-40 kDaPEG]WLLAGGPSSGA 

PPPS[Lys-yE-C16]-NH2, 

[0162] wherein Cl 6 is a saturated fatty acid. In one embodi­
ment, Cl6 is palmitate. Aptly, Xis amino-isobutyric acid. 
Aptly, the peptide comprises a PEG molecule having an aver­
age molecular weight of 40 kDa covalently linked to Cys24. 
Aptly, the peptide comprises a gamma-glutamate linker 
between the C-terminal amino acid of the peptide and the 
fatty acid. 
[0163] In one embodiment, 40kDaPEG is a PEG molecule 
having a MW of 40 kDa. 
[0164] In a further aspect of the present invention, there is 
provided a peptide for use in the treatment and/or prophylaxis 
of clinical Alzheimer's disease, wherein the peptide consists 
of the following sequence: 
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[SEQ ID No. 2] 
YXEGTFTSDYSIYLDKQAAXEFV[Cys-40 kDaPEG]WLLAGGPSSGA 

PPPS[Lys-yE-C16]-NH2, 

[0165] wherein Cl 6 is a saturated fatty acid. In one embodi­
ment, Cl6 is palmitate. Aptly, Xis amino-isobutyric acid. 
Aptly, the peptide comprises a PEG molecule having an aver­
age molecular weight of 40 kDa covalently linked to Cys24. 
Aptly, the peptide comprises a gamma-glutamate linker 
between the C-terminal amino acid of the peptide and the 
fatty acid. 
[0166] In a further aspect of the present invention, there is 
provided a GIP/GLP-1 co-agonist peptide for use in the treat­
ment and/or prophylaxis of Parkinson's disease, comprising 
the following sequence: 

[SEQ ID No. 1] 
YXEGTFTSDYSIYLDKQAAXEFVNWLLAGGPSSGAPPP 

S[Lys-C16]-NH2, 

[0167] wherein Cl6 is a saturated fatty acid. Aptly, Cl6 is 
palmitate. Aptly, Xis amino-isobutyric acid. 
[0168] In a further aspect of the present invention, there is 
provided a GIP/GLP-1 co-agonist peptide for use in the treat­
ment and/or prophylaxis of Parkinson's disease, wherein the 
peptide consists of the following sequence: 

[SEQ ID No. 1] 
YXEGTFTSDYSIYLDKQAAXEFVNWLLAGGPSSGAPPP 

S[Lys-C16]-NH2, 

[0169] wherein Cl6 is a saturated fatty acid. Aptly, Cl6 is 
palmitate. Aptly, Xis amino-isobutyric acid. 
[0170] In a further aspect of the present invention, there is 
provided a GIP/GLP-1 co-agonist peptide for use in the treat­
ment and/or prophylaxis of Parkinson's disease, comprising 
the following sequence: 

[SEQ ID No. 2] 
YXEGTFTSDYSIYLDKQAAXEFV[Cys-40 kDaPEG]WLLAGGPSSGA 

PPPS[Lys-yE-C16]-NH2, 

[0171] wherein Cl6 is a saturated fatty acid and wherein 
optionally Cl6 is palmitate. Aptly, 40 kDa PEG is a PEG 
molecule having a molecular weight of 40 kDa. Aptly, X is 
amino-isobutyric acid. 

[0172] In a further aspect of the present invention, there is 
provided a GIP/GLP-1 co-agonist peptide for use in the treat­
ment and/or prophylaxis of Parkinson's disease, wherein the 
peptide consists of the following sequence: 

[SEQ ID No. 2] 
YXEGTFTSDYSIYLDKQAAXEFV[Cys-40 kDaPEG]WLLAGGPSSGA 

PPPS[Lys-yE-C16]-NH2, 

[0173] wherein Cl6 is a saturated fatty acid and wherein 
optionally Cl6 is palmitate. Aptly, X is amino-isobutyric 
acid. Aptly, the peptide comprises a PEG molecule having an 
average molecular weight of 40 kDa covalently linked to 
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Cys24. Aptly, the peptide comprises a gamma-glutamate 
linker between the C-terminal amino acid (Lys) of the peptide 
and the fatty acid. 
[0174] The peptides of embodiments of the present inven­
tion may be manufactured either by standard synthetic meth­
ods, recombinant expression systems, or any other state of the 
art method. Thus the GIP/GLP-1 co-agonists as described 
herein may be synthesized in a number of ways, including, for 
example, a method which comprises: 
[ 017 5] (a) synthesizing the peptide by means of solid-phase 
or liquid-phase methodology, either stepwise or by fragment 
assembly, and isolation and purifying of the final peptide 
product; or 
[ 017 6] (b) expressing a nucleic acid construct that encodes 
the peptide in a host cell, and recovering the expression prod­
uct from the host cell or culture medium; or 
[0177] ( c) effecting cell-free in vitro expression ofa nucleic 
acid construct that encodes the peptide, and recovering the 
expression product; 
[0178] or any combination of methods of (a), (b), and (c) to 
obtain fragments of the peptide, subsequently ligating the 
fragments to obtain the peptide, and recovering the peptide. 
[0179] Aptly, the peptides described herein are synthesized 
by means of solid-phase or liquid-phase peptide synthesis, as 
described in for example WO98/11125. Aptly, the peptides 
may be synthesized as described in Finan et al. (Sci. Transl. 
Med. 5 209ra151 (2013) pp 1 to 16). 
[0180] The peptides of the present disclosure may be for­
mulated as pharmaceutical compositions prepared for storage 
or administration for use in the treatment and/ or lessening the 
likelihood of occurrence, or even prevention of a neurological 
disorder as described herein. Such a composition typically 
comprises a therapeutically effective amount of a GIP/GLP-1 
co-agonist peptide, in the appropriate form, in a pharmaceu­
tically acceptable carrier. 
[0181] The therapeutically effective amount of a GIP/ 
GLP-1 co-agonist peptide as described herein will depend on 
the route of administration, the type of mannnal being treated, 
and the physical characteristics of the specific mannnal under 
consideration. These factors and their relationship to deter­
mining this amount are well known to skilled practitioners in 
the medical arts. This amount and the method of administra­
tion can be tailored to achieve optimal efficacy, and may 
depend on such factors as weight, diet, concurrent medication 
and other factors, well known to those skilled in the medical 
arts. The peptides of the present disclosure may be particu­
larly useful for treatment of humans. 
[0182] An effective dosage and treatment protocol may be 
determined by conventional means, starting with a low dose 
in laboratory animals and then increasing the dosage while 
monitoring the effects, and systematically varying the dosage 
regimen as well. Numerous factors may be taken into consid­
eration by a clinician when determining an optimal dosage for 
a given subject. Such considerations are known to the person 
skilled in the art. 
[0183] The term "pharmaceutically acceptable carrier" 
includes any of the standard pharmaceutical carriers. Phar­
maceutically acceptable carriers for therapeutic use are well 
known in the pharmaceutical art, and are described, for 
example, in Remington's Pharmaceutical Sciences, Mack 
Publishing Co. (A.R. Gennaro edit. 1985). For example, ster­
ile saline and phosphate-buffered saline at slightly acidic or 
physiological pH may be used. pH buffering agents may be 
phosphate, citrate, acetate, tris/hydroxymethyl)ami-
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nomethane (TRIS), N-Tris(hydroxymethyl)methyl-3-amino­
propanesulphonic acid (TAPS), ammonium bicarbonate, 
diethanolamine, histidine, arginine, lysine, or acetate or mix­
tures thereof. The term further encompasses any agents listed 
in the US Pharmacopeia for use in animals, including 
humans. 
[0184] The term "pharmaceutically acceptable salt" refers 
to a salt of any one of the GIP/GLP-1 co-agonist peptide of 
embodiments of the invention. Salts include pharmaceuti­
cally acceptable salts such as acid addition salts and basic 
salts. Examples of acid addition salts include hydrochloride 
salts, citrate salts and acetate salts. Examples of basis salts 
include salts where the cation is selected from alkali metals, 
such as sodium and potassium, alkaline earth metals, such as 
calcium, and annnonium ions +N(R3

) 3 (R4
), where R3 and R4 

independently designates optionally substituted C1 _6-alkyl, 
optionally substituted C2_calkenyl, optionally substituted 
aryl, or optionally substituted heteroaryl. Other examples of 
pharmaceutically acceptable salts are described in "Reming­
ton's Pharmaceutical Sciences", 17th edition. Ed. Alfonoso R. 
Gennaro (Ed.), Mark Publishing Company, Easton, Pa., U.S. 
A., 1985 and more recent editions, and in the Encyclopaedia 
of Pharmaceutical Technology. 
[0185] The term "solvate" in the context of the present 
disclosure refers to a complex of defined stoichiometry 
formed between a solute ( e.g., a peptide or pharmaceutically 
acceptable salt thereof according to the present disclosure) 
and a solvent. The solvent in this connection may, for 
example, be water, ethanol or another pharmaceutically 
acceptable, typically small-molecular organic species, such 
as, but not limited to, acetic acid or lactic acid. When the 
solvent in question is water, such a solvate is normally 
referred to as a hydrate. 
[0186] "Treatment" is an approach for obtaining beneficial 
or desired clinical results. For the purposes of the present 
disclosure, beneficial or desired clinical results include, but 
are not limited to, alleviation of symptoms, diminishment of 
extent of disease, stabilized (i.e., not worsening) state of 
disease, delay or slowing of disease progression, ameliora­
tion or palliation of the disease state, and remission (whether 
partial or total), whether detectable or undetectable. "Treat­
ment" can also mean prolonging survival as compared to 
expected survival if not receiving treatment. "Treatment" is 
an intervention performed with the intention oflessening the 
likelihood of occurrence, or even preventing the development 
or altering the pathology of a disorder. Accordingly, "treat­
ment" refers to both therapeutic treatment and prophylactic or 
preventative measures in certain embodiments. Those in need 
of treatment include those already with the disorder as well as 
those in which the likelihood of occurrence of the disorder is 
to be lessened or even prevented. By treatment is meant 
inhibiting or reducing an increase in pathology or symptoms 
when compared to the absence of treatment, and is not nec­
essarily meant to imply complete cessation of the relevant 
condition. 
[0187] The pharmaceutical compositions for use in the 
treatment of a neurological disorder can be in unit dosage 
form. In such form, the composition is divided into unit doses 
containing appropriate quantities of the active component. 
the unit dosage form can be a packaged preparation, the 
package containing discrete quantities of the preparations, for 
example, packeted tablets, capsules, and powders in vials or 
ampoules. The unit dosage form can also be a capsule, cachet, 
or tablet itself, or it can be the appropriate number of any of 
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these packaged forms. It may be provided in single dose 
injectable form, for example in the form of a pen. In certain 
embodiments, packaged forms include a label or insert with 
instructions for use. Compositions may be formulated for any 
suitable route and means of administration. Pharmaceutically 
acceptable carriers or diluents include those used in formu­
lations suitable for oral, rectal, nasal, topical (including buc­
cal and sub lingual), vaginal or parenteral (including subcuta­
neous, intramuscular, intravenous, intradermal, and 
transdermal) administration. The formulations may conve­
niently be presented in unit dosage form and may be prepared 
by any of the methods well known in the art of pharmacy. 
[0188] As used herein an "effective" amount or a "thera­
peutically effective amount" of a peptide refers to a nontoxic 
but sufficient amount of the peptide to provide the desired 
effect. The amount that is "effective" will vary from subject to 
subject, depending on the age and general condition of the 
individual, mode of administration, and the like. An appro­
priate "effective" amount in any individual case may be deter­
mined by one of ordinary skill in the art using routine experi­
mentation. 
[0189] The terms "patient", "subject" and "individual" 
may be used interchangeably and refer to either a humans or 
non-human mammal. Aptly, the subject is a human. 
[0190] The peptides described herein may be used to treat 
and/or lessen the likelihood of occurrence, or even prevent a 
neurological disorder e.g. a neurodegenerative disorder. In 
one embodiment, the peptide is for use in the treatment and/ o 
lessening the likelihood of occurrence, or even prevention of 
Alzheimer's disease. Alzheimer's disease (AD) is a neurode­
generative disorder that results in the loss of cortical neurons, 
especially in the associative neocortex and hippocampus 
which in tum leads to slow and progressive loss of cognitive 
functions, ultimately leading to dementia and death. Major 
hallmarks of the disease are aggregation and deposition of 
misfolded proteins such as aggregated beta-amyloid peptide 
as extracellular senile or neuritic 'plaques', and hyperphos­
phorylated tau protein as intracellular neurofibrillary 
'tangles' (NFTs). 
[0191] Genetically, AD is divided into two forms: (1) early­
onset familial AD ( <60 years), and (2) late-onset sporadic AD 
(>60 years). Rare, disease causing mutations in Amyloid 
precursor protein (APP), Presenilin 1 (PSENl ), and Preseni­
lin 2 (PSEN2) genes are known to result in early-onset famil­
ial AD while, APOE (allele 4) is the single most important 
risk factor for late-onset AD. 
[0192] Although Alzheimer's disease develops differently 
for every individual, there are many common symptoms. 
Early symptoms are often mistakenly thought to be 'age­
related' concerns, or manifestations of stress. In the early 
stages, the most common symptom is difficulty in remember­
ing recent events. When AD is suspected, the diagnosis is 
usually confirmed with tests that evaluate behaviour and 
thinking abilities, often followed by a brain scan if available, 
however, examination of brain tissue is required for a defini­
tive diagnosis. 
[0193] As the disease advances, symptoms can include 
confusion, irritability, aggression, mood swings, trouble with 
language, and long-term memory loss. As the sufferer 
declines they often withdraw from family and society. Gradu­
ally, bodily functions are lost, ultimately leading to death. 
Since the disease is different for each individual, predicting 
how it will affect the person is difficult. AD develops for an 
unknown and variable amount of time before becoming fully 
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apparent, and it can progress undiagnosed for years. On aver­
age, the life expectancy following diagnosis is approximately 
seven years. Fewer than three percent ofindividuals live more 
than fourteen years after diagnosis. 
[0194] In one embodiment, the co-agonist peptide is for use 
in treating Alzheimer's disease. The peptide may be used to 
slow down and/or halt the progression of Alzheimer's disease 
in a subject. The peptide may be for use to slow down and/or 
lessen the likelihood of occurrence, or even prevent the pro­
gression to clinical Alzheimer's disease of a subject suffering 
from pre-clinical Alzheimer's Disease. 
[0195] In one embodiment, the co-agonist peptide is foruse 
in the treatment and/or lessening the likelihood of occurrence, 
or even prevention of Parkinson's disease. Parkinson's dis­
ease is a neurodegenerative disorder characterized by pro­
gressive neuronal loss, in particular of dopaminergic neurons 
of the substantia nigra, leading to motor disturbances such as 
tremor, rigidity, slowness of movement, and postural insta­
bility. In one embodiment, the peptide is for use to reduce 
and/or lessen the likelihood of occurrence, or even prevent 
motor disturbances associated with Parkinson's disease. 
[0196] In addition, there is an increasing number of atypical 
Parkinson syndromes and subclasses of Parkinson's disease, 
which are associated with learning and memory deficits. 
Typical examples are Parkinson's Disease Dementia (PDD), 
Lewy Body Dementia (LBD) and Multi-Systems Atrophy 
(MSA). The peptide may be for use in the retrieval or 
improvement oflearning processes or learning deficits and/or 
the lessening of the likelihood of occurrence, or even preven­
tion, retrieval or improvement of memory loss or memory 
impairment in a subject suffering from Parkinson's disease. 
[0197] As noted above, the peptides disclosed herein may 
be for use in the treatment of other degenerative disorders e.g. 
stroke or multiple sclerosis. 

Examples 

Peptide Synthesis 

[0198] Peptides were synthesized by GL Biochem Ltd. 
(Shanghai). The purity of the peptide was analysed by 
reversed-phase HPLC and characterised using matrix 
assisted laser desorption/ionisation time of flight (MALDI­
TOF) mass spectrometry, with a purity >99%. 
[0199] Peptides were reconstituted in Ultrapure® water to 
a concentration of 1 mg/ml in polypropylene tubes and frozen 
in aliquots to permit fresh preparation of doses required for 
injection. 
[0200] The peptides tested were: 
[0201] 1. Liraglutide (GLP-1 Analogue)-
[0202] Liraglutide is a peptide drug which is typically 
administered parenterally. Liraglutide is authorised for the 
treatment of Type 2 diabetes. Liraglutide is disclosed in 
WO98/08871 Al, Example 37. The amino acid sequence of 
liraglutide is shown in SEQ ID. No. 10. 
[0203] As shown in FIG. 10, the fatty acid is linked to 
amino acid Lys at position 26. The amino acid Lys at position 
34 has been replaced by amino acid Arg. 
[0204] 2. DAla2 GIP-Lys37 -y-Glu-PAL 
[0205] The sequence of DAla2GIP-Lys37-y-Glu-PAL 1s 
shown in FIG. 8 as SEQ. ID. No. 11. 
[0206] Liraglutide is a GLP-1 agonist, whilst DAla2GIP­
Lys37 _y-Glu-PAL is a GIP agonist. 
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[0207] 3. A Peptide Referred to Herein as DAI which has 
the Following Amino Acid Sequence: 

[SEQ ID No. 1] 
YXEGTFTSDYSIYLDKQAAXEFVNWLLAGGPSSGAPPP 

S[Lys-C16]-NH2 

[0208] X=amino-isobutyric acid 
[0209] The DAI peptide is a GLP-1/GIP dual agonist and is 
disclosed in Finan et al, 2013. The DAI peptide comprises a 
C16 fatty acid moiety (C:D: 16:0) attached to its C-terminal. 
[0210] 4. A Peptide Referred to Herein as DA2 which has 
the Following Amino Acid Sequence: 

[SEQ ID No. 2] 
YXEGTFTSDYSIYLDKQAAXEFV[Cys-40 kDAPEG]WLLAGGPSSGA 

PPPS [Lys-yE-C16]-NH2 

[0211] X=amino-isobutyric acid 
[0212] DA2 is a pegylated version of the DAI peptide in 
which the amino acid at position 24 has been modified to 
cysteine. DA2 also comprises a spacer (y-Glu) for linking the 
C16 fatty acid. 
[0213] The DAI and DA2 peptides have been characterised 
in cell culture and in animal models of diabetes. DA2 also has 
been tested in patients with diabetes. The double agonists 
have superior effects in diabetes compared to single GLP-1 
analogues (Finan et al., 2013). Details of the spacer of the 
DA2 peptide and other spacers which are encompassed by 
embodiments of the present invention are provided in Madsen 
et al; Journal of Medicinal Chemistry, 2007, 50, (24), 6126-
6132. 

Transgenic Alzheimer's Disease Mouse Model 

[0214] Animal models have been developed to test novel 
drugs. A standard model for Alzheimer's disease is transgenic 
mice that express human mutated genes for amyloid produc­
tion that are known to induce Alzheimer's disease in humans. 
These APP/PSI transgenic mice recapitulate some of the 
symptoms of Alzheimer's disease such as the aggregation of 
amyloid in the brain, memory loss and the loss of synapses 
(Radde et al., 2006). 
[0215] The APP/PSI mice express human Swedish 
mutated APP and human mutated presenilin-1 which induce 
Alzheimer's Disease in humans. 
[0216] The dose of peptide tested was 25 nmol/kg body 
weight. The peptides were administered by a once-daily intra­
peritoneal injection for 8 weeks. Saline injections were 
administered as a control. Five animals per group were 
injected with a peptide or a saline control. 

Brain Tissue Analysis for Amyloid Plaques and Synapse 
Numbers in AD Mice 

[0217] Animals (5 per group) were perfused transcardially 
with 30 ml of ice-cold PBS and 30 ml of ice-cold 4% 
paraformaldehyde to postfix the brain. The brains were 
removed and placed in fresh 30% sucrose solution in PBS to 
cryoprotect tissue and cut at a thickness of 40 µm on a cry­
ostat. Sections were chosen according to stereological rules, 
with the first section taken at random and every 5th section 
afterwards. Between 7 and 13 sections were analysed per 
brain. 
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[0218] Immunostaining techniques were used to assess the 
neuronal plaque load (anti beta-amyloid rabbit polyclonal 
antibody (1:200, rabbit polyclonal-Invitrogen 71-5800) and 
of synaptophysin (polyclonal rabbit anti-synaptophysin pri­
mary antibody, 1:2000, Abeam, Cambridge, UK) to measure 
the amount of synapses in the cortex. Brain samples were first 
exposed to 99% formic acid for 7 minutes and then washed 3 
times for 10 minutes in TBS. Pre-treatment with 99% formic 
acid is known to drastically increase the detection of beta­
Amyloid in formalin-fixed brain samples. Then samples were 
incubated in 0.3% H2O2 (Sigma Aldrich; Cat.-No.: 516813) 
in TBS for 30 minutes on the shaker to deplete endogenous 
peroxides activity, and were 3 times washed in TBS for 10 
minutes afterwards. 

[0219] To increase permeability of membranes in the brain 
tissue, samples were exposed to 0.3% Triton X-100 (Sigma 
Aldrich; Cat.-No.: 516813) in TBS for 10 minutes on the 
shaker. Unspecific proteinophilic binding in the tissue was 
saturated by incubating the samples with 5% goat serum 
(Gibco; Cat.-No.: 16210-064) in TBS for 30 minutes on the 
shaker. 

[0220] A primary antibody against beta-Amyloid or synap­
tophysin was added and incubated overnight on the shaker at 
4 ° C. The antibody was polyclonal and raised against a syn­
thetic beta-Amy loid 1-43 peptide in rabbit. The primary anti­
body was used in a final dilution of 1 to 250 in TBS containing 
2% goat serum and 10% Triton X-100. Afterwards, the 
samples were washed with TBS 3 times for 10 minutes and a 
secondary antibody was added for 90 minutes on the shaker at 
4° C. The secondary antibody was a biotinylated anti-rabbit 
IgG raised in goat (Vectastain ABC Kit, Rabbit IgG; Vector 
Laboratories; Cat.-No.: PK-6101), and was used in a final 
dilution of 1 to 60 in TBS containing 1 % goat serum and 10% 
Triton-X-100. 

[0221] After washing 3 times for 10 minutes in TBS, 
samples were incubated in TBS containing 3% avidin solu­
tion (Vectastain ABC Kit, Rabbit IgG; Vector Laboratories; 
Cat.-No.: PK-6101) and 3% biotinylatedhorseradish peroxi­
dase solution (VectastainABC Kit, Rabbit IgG; Vector Labo­
ratories; Cat.-No.: PK-6101) for 90 minutes at 4° C. on the 
shaker. The samples were then washed 3 times in TBS for 10 
minutes and then stained by adding phosphate-buffered saline 
containing 3% SG blue solution (SG Blue Peroxidase Kit; 
Vector Laboratories; Cat.-No.: SK-4700) and3% H2O2 solu­
tion for 5 minutes and then again washed 3 times for 10 
minutes with phosphate-buffered saline. 

[0222] To enhance staining, samples were incubated with 
ddH2O containing 0.5% CuSO4 (w/w) for 5 minutes. After 
washing 3 times for 10 minutes in ddH2O, the brain slices 
were put onto silane-coated glass slides with a fine brush 
where they could dry overnight. Finally the slides were cover 
slipped with an aquatic mounting medium (VectaMountAQ 
Mounting Medium; Vector Laboratories, Cat.-No.: H-5501). 
As control served a set of samples from a 17 month old 
non-transgenic littermate processed together with the experi­
mental samples. 

[0223] Sections photographed under a microscope (Zeiss, 
Germany), randomised inbiased dissectors were overlain on 
to the brain section images and analysed using a Multi thresh­
old plug-in with the software Image J (NIH, USA). Data were 
analysed using a one-way ANOVA with post-hoc Bonferroni 
tests. 
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Parkinson Mouse Model 

[0224] A standard model to induce Parkinson like symp­
toms in mice is the injection of the chemical (MPTP) (Li et al., 
2009). This chemical impairs or kills neurons in the brain that 
produce dopamine. The mice develop motor impairments, 
and the dopaminergic neurons in the brain are reduced in 
numbers and function. The enzyme tyrosine hydroxylase 
(TH) is required to synthetise dopamine. A loss of TH signi­
fies a loss of dopamine production (Harkavyi et al., 2008). 
[0225] Adult male C57BL/6 mice were given the dopam­
inergic toxin MPTP (20 mg/kg in 0.1 mL of PBS i.p. at 2-h 
intervals of 4 doses MPTP; Sigma) or vehicle (PBS). This 
treatment selectively affects dopaminergic neurons and 
induces Parkinson-like symptoms in mice. One group did not 
receive MPTP as a non-lesioned control. 

[0226] The dose of peptide tested was 25 nmol/kg body 
weight. The peptides were administered by a once-daily intra­
peritoneal injection for 8 weeks. Saline injections were 
administered as a control. Five animals per group were 
injected with a peptide or a saline control. 

Rotarod Motor Control Test 

[0227] The rotarod consists of a rotating pole that acceler­
ates overtime. Mice are placed on the rod, and motor skills are 
tested by accelerating the rotation. As the rotation increases, 
animals lose grip and fall on a cushion located below the rod. 
Mice were given three trials with 45 min intertrial intervals on 
each of2 consecutive days for3 weeks. Each animal's endur­
ance time was recorded, and the average was calculated. Data 
were analysed using a one-way ANOVA with post-hoc Bon­
ferroni tests. 

Open-Field Motor Activity Task 

[0228] Mice (6 per group) received a sessionof5 min in the 
empty open-field (58 cm in diameter; 35 cm high walls) with 
painted grey walls and grey floor. The movements and speed 
were tracked with a computerised video capture system and 
analysis software (Biosignals inc., New York, USA). Motor 
activity was recorded by total path length and travel speed. 
Data were analysed using two-way ANOVA with post-hoc 
tests. 

Immunohistochemistry for TH in the Substantia Nigra Pars 
Compacta and the Striatum 

[0229] Six animals per group were analysed for expression 
of tyrosine hydroxy lase (TH), a marker for dopamine produc­
tion. Coronal brain sections (20 µm) from striatum (bregma 
11 to 10.2) and SN pc (bregma 24.80 to 26.04) were analysed 
by immunohistochemistry using antibodies recognising TH. 
[0230] Sections were cut on a cryostat and postfixed in 4% 
paraformaldehyde, washed in PBS, treated with 0.3% H2O2 
in methanol for 20 min, and washed again. Incubation with 
TH (1 :800) antibody was at 48 C overnight in PBS with 0.1 % 
Tween and 10% goat serum. Sections were incubated for 1 hr 
at room temperature with biotinylated secondary antibody 
diluted in 0.1% PBS-Tween. DAB staining was performed 
according to the Vectastain ABC kit instructions (Vector 
Laboratories). For each animal, three tissue sections from one 
level of striatum was stained and analyzed for TH-positive 
fiber innervation. To achieve a TH cell count representative of 
the whole SN, each animal was analysed at four and three 

12 
Jan. 21, 2016 

rostrocaudal levels (bregma -4.80 to -6.04). Two tissue sec­
tions from each level were quantified by immunohistochem­
istry. 
[0231] Data were analysed using a one-way ANOVA with 
post-hoc Bonferroni tests. The results are illustrated in FIGS. 
1 to 7. 

CONCLUSION 

[0232] The results demonstrate that both GLP-1/GIP dual 
agonist peptides (DAI and DA2) showed superior properties 
over single GLP-1 and GIP analogues in animal models of 
Alzheimer's and Parkinson's disease. Thus, the data of the 
present examples demonstrate that both peptides DAI and 
DA2 may be considered suitable for use in the treatment 
and/or lessening the likelihood of occurrence, or even pre­
vention of neurodegenerative disorders such as, for example, 
Alzheimer's Disease and/or Parkinson's Disease. 
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<160> NUMBER OF SEQ ID NOS, 12 

<210> SEQ ID NO 1 
<211> LENGTH, 40 
<212> TYPE, PRT 

SEQUENCE LISTING 

<213> ORGANISM, Artificial Sequence 
<220> FEATURE, 
<223> OTHER INFORMATION, GIP/GLPl co-agonist peptide 
<220> FEATURE, 
<221> NAME/KEY, VARIANT 
<222> LOCATION, 2, 20 
<223> OTHER INFORMATION, Xaa 
<220> FEATURE, 
<221> NAME/KEY, VARIANT 
<222> LOCATION, 40 

amino-isobutyric acid 

14 

<223> OTHER INFORMATION, Xaa - a saturated fatty acid moiety or 
palmitate covalently bonded to a Lys amino acid residue 

<400> SEQUENCE, 1 

Tyr Xaa Glu Gly Thr Phe Thr Ser Asp Tyr Ser Ile Tyr Leu 
1 5 

Gln Ala Ala Xaa Glu Phe Val Asn 
20 

Ser Gly Ala Pro Pro Pro Ser Xaa 
35 40 

<210> SEQ ID NO 2 
<211> LENGTH, 40 
<212> TYPE, PRT 

Trp 
25 

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

10 

Leu Leu Ala Gly 

<223> OTHER INFORMATION, GIP/GLPl co-agonist peptide 
<220> FEATURE, 
<221> NAME/KEY, VARIANT 
<222> LOCATION, 2, 20 
<223> OTHER INFORMATION, Xaa 
<220> FEATURE, 
<221> NAME/KEY, VARIANT 
<222> LOCATION, 24 

amino-isobutyric acid 

Gly 
30 

Asp Lys 
15 

Pro Ser 

<223> OTHER INFORMATION, Xaa - Cys with a covalently linked PEG molecule 
having an average molecular weight of 40kDa 

<220> FEATURE, 
<221> NAME/KEY, VARIANT 
<222> LOCATION, 40 
<223> OTHER INFORMATION, Xaa - lysine residue connected to 

gamma-glutamate and C16, wherein C16 is a saturated fatty acid or 
palmitate 

<400> SEQUENCE, 2 

Tyr Xaa Glu Gly Thr Phe Thr Ser Asp Tyr Ser Ile Tyr Leu Asp Lys 
1 5 10 15 

Gln Ala Ala Xaa Glu Phe Val Xaa Trp Leu Leu Ala Gly Gly Pro Ser 
20 25 30 

Ser Gly Ala Pro Pro Pro Ser Xaa 
35 40 

<210> SEQ ID NO 3 
<211> LENGTH, 10 
<212> TYPE, PRT 
<213> ORGANISM, Artificial Sequence 
<220> FEATURE, 
<223> OTHER INFORMATION, GIP/GLPl co-agonist peptide 

<400> SEQUENCE, 3 

Gly Pro Ser Ser Gly Ala Pro Pro Pro Ser 
1 5 10 
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15 

-continued 

<210> SEQ ID NO 4 
<211> LENGTH, 11 
<212> TYPE, PRT 
<213> ORGANISM, Artificial Sequence 
<220> FEATURE, 
<223> OTHER INFORMATION, GIP/GLPl co-agonist peptide 

<400> SEQUENCE, 4 

Gly Pro Ser Ser Gly Ala Pro Pro Pro Ser Lys 
1 5 10 

<210> SEQ ID NO 5 
<211> LENGTH, 11 
<212> TYPE, PRT 
<213> ORGANISM, Artificial Sequence 
<220> FEATURE, 
<223> OTHER INFORMATION, GIP/GLPl co-agonist peptide 

<400> SEQUENCE, 5 

Gly Pro Ser Ser Gly Ala Pro Pro Pro Ser Cys 
1 5 10 

<210> SEQ ID NO 6 
<211> LENGTH, 9 
<212> TYPE, PRT 
<213> ORGANISM, Artificial Sequence 
<220> FEATURE, 
<223> OTHER INFORMATION, GIP/GLPl co-agonist peptide 

<400> SEQUENCE, 6 

Pro Ser Ser Gly Ala Pro Pro Pro Ser 
1 5 

<210> SEQ ID NO 7 
<211> LENGTH, 8 
<212> TYPE, PRT 
<213> ORGANISM, Artificial Sequence 
<220> FEATURE, 
<223> OTHER INFORMATION, GIP/GLPl co-agonist peptide 

<400> SEQUENCE, 7 

Pro Ser Ser Gly Ala Pro Pro Ser 
1 5 

<210> SEQ ID NO 8 
<211> LENGTH, 31 
<212> TYPE, PRT 
<213> ORGANISM, Artificial Sequence 
<220> FEATURE, 
<223> OTHER INFORMATION, Human Glucagon-like Peptide-1 

<400> SEQUENCE, 8 

His Ala Glu Gly Thr Phe Thr Ser Asp Val Ser Ser Tyr Leu Glu Gly 
1 5 10 15 

Gln Ala Ala Lys Glu Phe Ile Ala Trp Leu Val Lys Gly Arg Gly 
20 25 30 

<210> SEQ ID NO 9 
<211> LENGTH, 42 
<212> TYPE, PRT 
<213> ORGANISM, Artificial Sequence 
<220> FEATURE, 
<223> OTHER INFORMATION, Human Gastric inhibitory peptide 
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16 

-continued 

(glucose-dependent insulinotropic peptide) 

<400> SEQUENCE, 9 

Tyr Ala Glu Gly Thr Phe Ile Ser Asp Tyr Ser Ile Ala Met Asp Lys 
1 5 10 15 

Ile His Gln Gln Asp Phe Val Asn Trp Leu Leu Ala Gln Lys Gly Lys 
20 25 30 

Lys Asn Asp Trp Lys His Asn Ile Thr Gln 
35 40 

<210> SEQ ID NO 10 
<211> LENGTH, 31 
<212> TYPE, PRT 
<213> ORGANISM, Artificial Sequence 
<220> FEATURE, 
<223> OTHER INFORMATION, Liraglutide 
<220> FEATURE, 
<221> NAME/KEY, VARIANT 
<222> LOCATION, 20 
<223> OTHER INFORMATION, Xaa - Lysine residue comprising gamma-glutamate 

linker between C16 palmitoyl group and lysine 
side-chain amino group 

<400> SEQUENCE, 10 

His Ala Glu Gly Thr Phe Thr Ser Asp Val Ser Ser Tyr Leu Glu Gly 
1 5 10 15 

Gln Ala Ala Xaa Glu Phe Ile Ala Trp Leu Val Arg Gly Arg Gly 
20 25 30 

<210> SEQ ID NO 11 
<211> LENGTH, 43 
<212> TYPE, PRT 
<213> ORGANISM, Artificial Sequence 
<220> FEATURE, 
<223> OTHER INFORMATION, synthetic peptide 
<220> FEATURE, 
<221> NAME/KEY, VARIANT 
<222> LOCATION, 2 
<223> OTHER INFORMATION, Xaa 
<220> FEATURE, 
<221> NAME/KEY, VARIANT 
<222> LOCATION, 34 

D-Alanine 

<223> OTHER INFORMATION, Xaa - gamma-glutamate linked to C16, wherein 
C16 is a saturated fatty acid or a palmitoyl group 

<400> SEQUENCE, 11 

Tyr Xaa Glu Gly Thr Phe Ile Ser Asp Tyr Ser Ile Ala Met 
1 5 10 

Ile His Gln Gln Asp Phe Val Asn Trp Leu Leu Ala Gln 
20 25 

Lys Xaa Asn Asp Trp Lys His Asn Ile Thr Gln 
35 40 

<210> SEQ ID NO 12 
<211> LENGTH, 30 
<212> TYPE, PRT 
<213> ORGANISM, Artificial Sequence 
<220> FEATURE, 
<223> OTHER INFORMATION, synthetic peptide 
<220> FEATURE, 
<221> NAME/KEY, VARIANT 
<222> LOCATION, 2, 20 

Lys 
30 

Asp 
15 

Gly 

<223> OTHER INFORMATION, Xaa alpha amino isobutyric acid 
<220> FEATURE, 
<221> NAME/KEY, VARIANT 

Lys 

Lys 
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-continued 

<222> LOCATION, 24 
<223> OTHER INFORMATION, Xaa Asn or Cys 
<220> FEATURE, 
<221> NAME/KEY, VARIANT 
<222> LOCATION, 30 
<223> OTHER INFORMATION, Xaa absent or at least eight amino acid 

molecules 

<400> SEQUENCE, 12 

Tyr Xaa Glu Gly Thr Phe Thr Ser Asp Tyr Ser Ile Tyr 
1 5 10 

Gln Ala Ala Xaa Glu Phe Val Xaa Trp Leu Leu Ala Gly 
20 25 

What is claimed is: 
1. A method of treating and/or lessening the likelihood of 

occurrence a neurological disorder comprising administering 
to a patient in need thereof a pharmaceutical composition 
comprising a GIP/GLP-1 co-agonist peptide, or a derivative 
or a pharmaceutically acceptable salt or solvate of the peptide 
or the derivative, 

wherein said agonist peptide is represented by the general 
Formula I: 

( SEQ ID No. 12) 
Tyr-Aib-Glu-Gly-Thr-Phe-Thr-Ser-Asp-Tyr-Ser-Ile-

Tyr-Leu-Asp-Lys-Gln-Ala-Ala-Aib-Glu-Phe-Val­

Xaa24-Trp- Leu-Leu-Ala-Gly- Yl -R2 

wherein 
Xaa24 is selected from Asn and Cys; 
Yl is selected from absent or an extension comprising at 

least nine amino acid molecules; and 
R2 is selected from -NH2 and-OH 
2. The method according to claim 1, wherein Yl is Gly­

Pro-Ser-Ser-Gly-Ala-Pro-Pro-Pro-Ser. (SEQ ID No. 3) 
3. The method according to claim 1, wherein Yl is Gly­

Pro-Ser-Ser-Gly-Ala-Pro-Pro-Pro-Ser-Cys. (SEQ ID No. 5) 
4. The method according to claim 1, wherein Yl is Gly­

Pro-Ser-Ser-Gly-Ala-Pro-Pro-Pro-Ser-Lys. (SEQ ID No. 4) 
5. The method according to claim 1, wherein said co­

agonist peptide comprises the following sequence: 

(SEQ ID NO 1) 
YXEGTFTSDYSIYLDKQAAXEFVNWLLAGGPSSGAPPP 

S[Lys-C16]-NH2 , 

wherein C16 is a saturated fatty acid and wherein X is 
amino-isobutyric acid. 

6. The method according to claim 5, wherein Cl 6 is palmi­
tate. 

7. The method according to claim 1, wherein said co­
agonist peptide comprises the following sequence: 

(SEQ ID NO 2) 
YXEGTFTSDYSIYLDKQAAXEFV[Cys-40 kDaPEG]WLLAGGPSSGA 

PPPS [Lys-yE-C16]-NH2 

Leu Asp Lys 

Xaa 
30 

15 

wherein C16 is a saturated fatty acid and X is amino­
isobutyric acid. 

8. The method according to claim 7, whereinC16 ispalmi­
tate. 

9. The method according to claim 7, wherein40kDaPEGis 
a polyethylene glycol molecule having an average molecular 
weight of 40 kDa. 

10. The method according to claim 1, wherein the neuro­
logical disorder is selected from the group consisting of post­
traumatic stress disorder, epilepsy, Tourette's syndrome, and 
hallucinations. 

11. The method according to claim 1, wherein the neuro­
logical disorder is a dysfunctional cognitive process. 

12. The method according to claim 11, wherein the dys­
functional cognitive process is selected from the group con­
sisting of attention, calculation, memory, judgment, insight, 
learning and reasoning. 

13. The method according to claim 1, wherein the neuro­
logical disorder is a neurodegenerative disorder. 

14. The method according to claim 13 wherein the neuro­
degenerative disorder is selected from the group consisting of 
Alzheimer's Disease, Parkinson's Disease, Huntington's dis­
ease, Amyotrophic Lateral Sclerosis, peripheral neuropathy, 
and Creutzfeldt-Jacob disease. 

15. The method according to claim 1, wherein the neuro­
logical disorder is selected from the group consisting of clini­
cal or pre-clinical Alzheimer's disease, prodromal Alzhe­
imers disease, and clinical or preclinical amyloid angiopathy 
(CAA). 

16. The method according to claim 15, wherein the neuro­
logical disorder is clinical Alzheimer's Disease. 

17. The method according to claim 14, wherein the neuro­
degenerative disorder is Parkinson's Disease. 

18. The method according to claim 1, wherein the neuro­
logical disorder is stroke. 

19. The method according to claim 18, wherein the neuro­
logical disorder is cerebral ischemia associated with stroke. 

20. The method according to claim 1, wherein the neuro­
logical disorder is multiple sclerosis. 

* * * * * 

Ex. 2064-026




