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(57) ABSTRACT 

The present invention features a compound having the for 
mula A-XiB, Where A is peptide vector capable of enhanc 
ing transport of the compound across the blood-brain barrier 
or into particular cell types, X is a linker, and B is a peptide 
therapeutic selected from the group consisting of neuro 
tensin, a neurotensin analog, or a neurotensin receptor ago 
nist. The compounds of the invention can be used to treat any 
disease in Which increased neurotensin activity is useful and 
can be used to induce hypothermia or analgesia. 
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Effect on mice temperature after a single i.v. injection 
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Brain uptake of native NT and NT-An2 

NT-An2 

NT 

80 

- 0 6 

my 4 

20 

2 n A“ .mm $8 ?n wee; mm U“ 99 NN 

Time (min) 

Figure 8 

w..v.m..w 3 2 .1. Asewaggé 3 
Brain Capillaries Parenchyma 

Figure 9 



Patent Application Publication Oct. 7, 2010 Sheet 9 0f 15 US 2010/0256055 A1 

i.v. bolus injection (5 mg/kg) 
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CONJUGATES OF NEUROTENSIN OR 
NEUROTENSIN ANALOGS AND USES 

THEREOF 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims the bene?t of US. Provi 
sional Application Nos. 61/225,486, ?led Jul. 14, 2009; 
61/181,144,?ledMay26,2009; and 61/200,947, ?ledDec. 5, 
2008, each of Which is hereby incorporated by reference. 

BACKGROUND OF THE INVENTION 

[0002] The invention relates to compounds including neu 
rotensin, a neurotensin analog, or a neurotensin receptor ago 
nist bound to a peptide vector and uses thereof. Neurotensin is 
13 amino acid peptide possessing numerous biological activi 
ties. Injections of neurotensin in the central nervous system 
produce, among other effects, antipsychotic and hypothermic 
effects. Intravenous delivery of neurotensin, hoWever, does 
not result in these effects, as the blood-brain barrier (BBB) 
effectively prevents peripheral neurotensin from reaching the 
receptors in the central nervous system (CNS) receptors. 
[0003] Reduction of body temperature (hypothermia) pro 
vides one of the best forms of neuroprotection against brain 
damage resulting from injury (e.g., in subjects Who have 
suffered from a nerve, brain, or spinal cord injury, or stroke). 
Prior to the present invention, methods for reducing body 
temperature have been inadequate. Physical means for reduc 
ing body temperature include the use of external methods 
(e.g., cooling blankets, cooling helmet, ice packs, and ice 
baths) as Well as the use of internal methods (e.g., cooling 
probes, infusion of cold ?uid). These techniques can be com 
plex and expensive, and can lead to delays in the onset of 
hypothermia. Sustained maintenance of hypothermia may 
also be dif?cult using these methods. Finally, these methods 
can cause severe shivering, necessitating the need for co 
medications such as paralytic agents or sedatives. Given the 
number of strokes (795,000), cardiac arrests of cardiac origin 
(325,000), severe traumatic head injuries (300,000), and open 
heart surgeries (694,000) each year in the United States Where 
hypothermic treatment can be bene?cial, there is a need for 
improved methods of inducing hypothermia. 
[0004] In the development of a neW therapy for brain 
pathologies, the BBB is considered a major obstacle for the 
potential use of drugs for treating disorders of the CNS. The 
global market for CNS drugs Was $68 billion in 2006, Which 
Was roughly half that of global market for cardiovascular 
drugs, even though in the United States, nearly tWice as many 
people suffer from CNS disorders as from cardiovascular 
diseases. The reason for this imbalance is, in part, that more 
than 98% of all potential CNS drugs do not cross the BBB. In 
addition, more than 99% of WorldWide CNS drug develop 
ment is devoted solely to CNS drug discovery, and less than 
1% is directed to CNS drug delivery. This may explain the 
lack of therapeutic options available for major neurological 
diseases. 
[0005] The brain is shielded against potentially toxic sub 
stances by the presence of tWo barrier systems: the BBB and 
the blood-cerebrospinal ?uid barrier (BCSFB). The BBB is 
considered to be the major route for the uptake of serum 
ligands since its surface area is approximately 5000-fold 
greater than that of BCSFB. The brain endothelium, Which 
constitutes the BBB, represents the major obstacle for the use 
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of potential drugs against many disorders of the CNS. As a 
general rule, only small lipophilic molecules may pass across 
the BBB, i.e., from circulating systemic blood to brain. Many 
drugs that have a larger siZe or higher hydrophobicity shoW 
high e?icacy in CNS targets but are not ef?cacious in animals 
as these drugs cannot effectively cross the BBB. Thus, pep 
tide and protein therapeutics are generally excluded from 
transport from blood to brain, oWing to the negligible perme 
ability of the brain capillary endothelial Wall to these drugs. 
Brain capillary endothelial cells (BCECs) are closely sealed 
by tight junctions, possess feW fenestrae and feW endocytic 
vesicles as compared to capillaries of other organs. BCECs 
are surrounded by extracellular matrix, astrocytes, pericytes, 
and microglial cells. The close association of endothelial cells 
With the astrocyte foot processes and the basement membrane 
of capillaries are important for the development and mainte 
nance of the BBB properties that permit tight control of 
blood-brain exchange. 
[0006] Thus, there exists a need for improved delivery of 
neurotensin to its target sites. 

SUMMARY OF THE INVENTION 

[0007] The peptide neurotensin has a number of clinical 
uses, including the ability to reduce body temperature. Many 
of these applications, hoWever, require that the peptide cross 
the blood-brain barrier (BBB). 
[0008] Neurotensin, by itself, is unable to cross the BBB. 
We have therefore synthesized compounds that include (a) a 
polypeptide therapeutic selected from the group consisting of 
neurotensin, a neurotensin analog (e. g., pELYENK 
PRRPYIL-OH, Where “pE” represents L-pyroglutamic acid, 
human neurotensin(8-13) (N T(8- 13)), Ac-Lys-[D-Tyrl l]NT 
(8-13), Ac-Lys-NT(8-13), pE-Lys-NT(8-13),), or a neuro 
tensin receptor agonist and (b) a peptide vector capable of 
transporting the peptide therapeutic across the blood-brain 
barrier (BBB) or into particular cell types. These compounds 
are useful in treating any disorder Where increased neuro 
tensin activity is desired, particularly Where transport of the 
polypeptide therapeutic across the BBB or into a particular 
cell type is desired. In one particular example, the compound 
includes neurotensin or a neurotensin fragment Which may be 
used to reduce body temperature (e.g., in a patient Who is in 
need of neuroprotection and/or has had a stroke, heart attack, 
nerve injury (e. g., spinal chord, head, or brain injury, such as 
a traumatic brain injury, or is having major surgery such as 
cardiac surgery or open heart surgery), to treat a patient suf 
fering from a psychiatric disorder (e.g., schiZophrenia, obses 
sive compulsive disorder, or Tourette’s syndrome), or to treat 
a patient suffering from a metabolic disorder such as diabetes 
and obesity. In other cases, the compound may be able to 
either increase or reduce blood pressure in a patient. 

[0009] The compound may be capable of inducing hypoth 
ermia, upon either a single or upon an infusion for a period of 
at least 1, 2, 3, 4, 6, 8, 10, 12, 15, 18, 21, 24, 30, 36, or48 hours 
folloWing initial administration. The peptide vector is capable 
of transporting the polypeptide therapeutic either across the 
blood-brain barrier (BBB) or into a particular cell type (e. g., 
liver, lung, kidney, spleen, and muscle). Because the conju 
gates are targeted across the BBB or to particular cell types, 
therapeutic e?icacy can be achieved using loWer doses or less 
frequent dosing as compared to the unconjugated peptide 
therapeutic, thus reducing the severity of or incidence of side 
effects and/or increasing e?icacy. The compound may also 
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exhibit increased stability, improved pharmacokinetics, or 
reduced degradation in vivo, as compared to the unconj ugated 
peptide therapeutic. 
[0010] Accordingly, in a ?rst aspect the invention features a 
compound having the formula: 

Where A is a peptide vector capable of being transported 
across the blood-brain barrier (BBB) or into a particular cell 
type (e.g., liver, lung, kidney, spleen, and muscle), X is a 
linker, and B is a peptide therapeutic selected from the group 
consisting of neurotensin, a neurotensin analog (e.g., pELY 
ENKPRRPYIL-OH, Where pE is pyroglutamic acid), or a 
neurotensin receptor agonist (e.g., any of those described 
herein). The transport across the BBB or into the cell may be 
increased by at least 10%, 25%, 50%, 75%, 100%, 200%, 
500%, 750%, 1000%, 1500%, 2000%, 5000%, or 10,000%. 
The compound may be substantially pure. The compound 
may be formulated With a pharmaceutically acceptable car 
rier (e. g., any described herein). 
[0011] In certain embodiments, B includes or is a polypep 
tide substantially identical to human neurotensin or to a 
human neurotensin fragment (e.g., neurotensin(8-13) and 
neurotensin(9-13)). In certain embodiments, the glutamate at 
position 1 of neurotensin is substituted With pyroglutamic 
acid. In certain embodiments, the neurotensin analog is sub 
stantially identical to human neurotensin. In certain embodi 
ments, B acts as an agonist to any of the neurotensin receptors 
(neurotensin receptor type 1 (NTRl), neurotensin receptor 
type 2 (NTR2), neurotensin receptor 3 (NTR3)). In certain 
embodiments, the neurotensin receptor agonist is selective 
(e.g., binds and/or activates to a degree at least 2, 5, 10, 50, 
100, 500, 1000, 5000, 10,000, 50,000, or 100,000 greater) for 
one of NTRl, NTR2, or NTR3 over at least one of the other 
receptors. 
[0012] In particular embodiments, the compound has the 
structure: 

pELYENKPRRPYIL-OH 

Where the i(CH2)4NHi moiety attached to the lysine of the 
pELYENKPRRPYIL sequence represents the side chain of 
that lysine, and the iCHZSi moiety attached to the C-ter 
minal cysteine of the AN2Cys sequence represents the side 
chain of that cysteine, and AN2 represents the sequence of 
Angiopep-2 (SEQ ID NO:97). 
[0013] In another aspect, the invention features methods of 
making the compound A-XiB. In one embodiment, the 
method includes conjugating the peptide vector (A) to a linker 
(X), and conjugating the peptide vector-linker (A-X) to a 
peptide therapeutic (B), thereby forming the compound 
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A-XiB. In another embodiment, the method includes con 
jugating the peptide therapeutic (B) to a linker Qi), and con 
jugating the peptide therapeutic/ linker (XiB) to a peptide 
vector (A), thereby forming the compound A-XiB. In 
another embodiment, the method includes conjugating the 
peptide vector (A) to a peptide therapeutic (B), Where eitherA 
or B optionally include a linker (X), to form the compound 
A-XiB. 
[0014] In another aspect, the invention features a nucleic 
acid molecule that encodes the compound A-XiB, Where the 
compound is a polypeptide. The nucleic acid molecule may 
be operably linked to a promoter and may be part of a nucleic 
acid vector. The vector may be in a cell, such as a prokaryotic 
cell (e. g., bacterial cell) or eukaryotic cell (e.g., yeast or 
mammalian cell, such as a human cell). 
[0015] In another aspect, the invention features methods of 
making a compound of the formula A-XiB, Where A-XiB 
is a polypeptide. In one embodiment, the method includes 
expressing a nucleic acid vector of the previous aspect in a 
cell to produce the polypeptide; and purifying the polypep 
tide. 
[0016] In another aspect, the invention features a method of 
reducing a subj ect’s body temperature. The method includes 
administering a compound of the ?rst aspect in an amount 
suf?cient to reduce the body temperature of the subject. The 
subject may be suffering from, or may have recently suffered 
from, a stroke, cerebral ischemia, cardiac ischemia, or a nerve 
injury such as a brain injury (e.g., a traumatic brain injury) or 
a spinal chord injury or may be in need of neuroprotection. 
The subject may be suffering from malignant hyperthermia or 
may be undergoing or about to undergo surgery (e. g., major 
surgery such as cardiac surgery). 
[0017] In another aspect, the invention features a method of 
reducing pain or inducing analgesia by administering in a 
compound of the ?rst aspect to a subject in need thereof. The 
subject may be suffering from an acute pain (e.g., selected 
from the group consisting of mechanical pain, heat pain, cold 
pain, ischemic pain, and chemical-induced pain). In other 
embodiments, the subject is suffering from peripheral or cen 
tral neuropathic pain, in?ammatory pain, migraine-related 
pain, headache-related pain, irritable boWel syndrome-re 
lated pain, ?bromyalgia-related pain, arthritic pain, skeletal 
pain, joint pain, gastrointestinal pain, muscle pain, angina 
pain, facial pain, pelvic pain, claudication, postoperative 
pain, post traumatic pain, tension-type headache, obstetric 
pain, gynecological pain, or chemotherapy-induced pain. 
[0018] In another aspect, the invention features a method of 
reducing pain sensitivity in a subject by administering a com 
pound (e.g., an effective amount) of the ?rst aspect to a 
subject. 
[0019] In another aspect, the invention features a method of 
treating (e. g., prophylactically) a metabolic disorder in a sub 
ject. The method includes administering a compound of the 
?rst aspect of the invention to a subject in an amount suf?cient 
to treat the metabolic disorder. The metabolic disorder may be 
diabetes (e.g., Type I or Type II), obesity, diabetes as a con 
sequence of obesity, hyperglycemia, dyslipidemia, hypertrig 
lyceridemia, syndrome X, insulin resistance, impaired glu 
cose tolerance (IGT), diabetic dyslipidemia, hyperlipidemia, 
a cardiovascular disease, or hypertension. The subject may be 
overWeight, obese, or bulimic. 
[0020] In another aspect, the invention features a method of 
treating (e.g., prophylactically) a disorder selected from the 
group consisting of anxiety, obsessive-compulsive disorder, 
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Tourette’s syndrome, movement disorder, aggression, psy 
chosis, seizures, panic attacks, hysteria, sleep disorders, 
AlZheimer’s disease, and Parkinson’s disease. The method 
includes administering a compound of the ?rst aspect of the 
invention to a subject in an amount su?icient to treat or 
prevent the disorder. The psychosis may be schiZophrenia. 
[0021] In another aspect, the invention features a method of 
treating drug addiction or reducing drug abuse in a subject in 
need thereof. The drug may be a psychostimulant such as 
amphetamine, methamphetamine, 3,4-methylene 
dioxymethamphetamine, nicotine, cocaine, methylpheni 
date, or arecoline. In other embodiments, the drug is alcohol. 
[0022] In another aspect, the invention features a method of 
modulating (e.g., increasing or decreasing) blood pressure in 
a subject (e. g., a subject suffering from either hypertension or 
hypotension). 
[0023] In any of the methods involving administration of a 
compound to a subject, the amount su?icient may be less than 
90%, 75%, 50%, 40%, 30%, 20%, 15%, 10%, 5%, 4%, 3%, 
2%, 1%, or 0.1% of the amount required for an equivalent 
dose of the polypeptide therapeutic (e.g., any described 
herein) When not conjugated to the peptide vector. The 
amount suf?cient may reduce a side effect as compared to 
administration of an effective amount of the polypeptide 
therapeutic When not conjugated to the peptide vector. The 
subject may be a mammal such as a human. 

[0024] In any of the above aspects, the peptide vector may 
be a polypeptide substantially identical to any of the 
sequences set Table 1, or a fragment thereof. In certain 
embodiments, the peptide vector has a sequence of Angio 
pep-1 (SEQ ID NO:67), Angiopep-2 (SEQ ID NO:97), 
Angiopep-3 (SEQ ID NO1107), Angiopep-4-a (SEQ ID 
NO1108), Angiopep-4-b (SEQ ID NO1109), Angiopep-5 
(SEQ ID NO:1 10), Angiopep-6 (SEQ ID NO1111), orAngio 
pep-7 (SEQ ID NO:112)). The peptide vector or conjugate 
may be ef?ciently transported into a particular cell type (e.g., 
any one, tWo, three, four, or ?ve of liver, lung, kidney, spleen, 
and muscle) or may cross the mammalian BBB ef?ciently 
(e.g., Angiopep-l, -2, -3, -4a, -4b, -5, and -6). In another 
embodiment, the peptide vector or conjugate is able to enter a 
particular cell type (e.g., any one, tWo, three, four, or ?ve of 
liver, lung, kidney, spleen, and muscle) but does not cross the 
BBB ef?ciently (e.g., a conjugate including Angiopep-7). 
The peptide vector may be of any length, for example, at least 
6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 25, 35, 
50, 75, 100, 200, or 500 amino acids, or any range betWeen 
these numbers. In certain embodiments, the peptide vector is 
10 to 50 amino acids in length. The polypeptide may be 
produced by recombinant genetic technology or chemical 
synthesis. 

TABLE 1 

Exemplar Peptide Vectors 

SEQ ID 
NO: 

1 T F V Y G G C R A K R N N F K S A E D 

2 T P‘ Q Y G G C M G N G N N F V T E K E 

3 P F F Y G G C G G N R N N F D T E E Y 

4 S F Y Y G G C L G N K N N Y L R E E E 

TABLE 

Oct. 7, 2010 

1 — cont inued 

Exemplar Peptide Vectors 

SEQ ID 
NO: 

10 T P‘ Q Y G G C R 

11 T F F Y G G C L 

12 T F F Y G G S L 

13 P F F Y G G C G 

14 T F F Y G G C R 

15 P F F Y G G C R 

16 T F F Y G G C R 

17 P F F Y G G C R 

18 T F F Y G G C R 

19 T F F Y G G C R 

20 T F F Y G G C R 

21 P F F Y G G C G 

22 T F F Y G G C G 

23 T F F Y G G C R 

24 T F F Y G G C R 

25 T F F Y G G S R 

26 T F F Y G G C L 

27 T F F Y G G C L 

28 T F F Y G G C L 

29 T F F Y G G C R 

30 T F F Y G G C R 

31 T F F Y G G C R 

32 T F F Y G G C R 

33 T F F Y G G S R 

34 T F F Y G G C R 

35 P F F Y G G C G 

36 T F F Y G G C L 

37 S F F Y G G C L 

38 T F F Y G G C G 

39 T F F Y G G C M 

40 T F F Y G G S M 


















































































































