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Proteins and/or peptides, Such as luminal cholecystokinin 
(21) Appl. No.: 10/633,966 releasing factor (LCRF) are conjugated with amphiphilic 

ligomers and polvmers. Such coniugates mav modulate the 22) Filled: Aug. 4, 2003 Ol1g poly Jug y 
(22) File lug. 4, pharmacokinetic profile of the proteins and/or peptides, 

Related U.S. Application Data thereby improving their clinical utility. Such conjugates may 
also Stabilize and deliver the proteins and/or peptides, Such 

(62) Division of application No. 09/459,443, filed on Dec. as LCRF, to receptors in the gut without absorption into the 
13, 1999, now Pat. No. 6,638,906. bloodstream. 
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Basal condition 

FIGURE 1 
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Oligomer Construction PEG oligomer or polymer 

hydrophobic portion: 
alkyl chain (222 carton) 
hydrophic portion: 
PEG 
(25 kDa) 

Design 1 
Branched polymer on N 
tem, non- hydrolyzable 
linkage, C-term and K19 
un-conjugated 

Design 2 
Branched polymer on N-term, 
non-hydrolyzable linkaga, 
K19 epsilon N Conjugated to 
a linear polymer with a 
hydrolyzable linkage, 
C-term un-conjugated 

Polymer 

A1 
C O O H 
Y 35 

Design 3 
Linear polymer on N-term, 
Hydrolyzable linkage, 
K19 and K35 epsilon N and 
Conjugated to a linear 
polymer with a hydrolyzable 
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Br 

HOCH(CH2)COOH --> BrCH2(CH2)CHCO2Et 
O 1. SOBr, 

2. Br/P 
BrCH2(CH2)COOH 3. ethanol 

Ha-a-a-a-a-a-a-a-asses Me(OCH2CH2)OCH2(CH2)CHCO2H 
1.2 Me(OCH2CH2)OH 
2. NaOH Me(OCH2CH2)O 

1. N-hydroxy succinamide, DCC 
2. LCRF, pHa-9 (aqueous or DMSO) 

Me(OCH2CH2)OCH2(CH2)CHCHNH-LCRF 

Me(OCH2CH2)O 

n is from 3 to 230 and m is from 0 to 20 

FIGURE 3 
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AMPHIPHILIC POLYMERS AND POLYPEPTIDE 
CONJUGATES COMPRISING SAME 

RELATED APPLICATIONS 

0001. This application is a divisional application of U.S. 
patent application Ser. No. 09/459,443, filed Dec. 13, 1999, 
allowed, the disclosure of which is incorporated herein by 
reference in its entirety. 

FIELD OF THE INVENTION 

0002 The present invention relates generally to a novel 
technology for conjugating amphiphilic oligomers and poly 
mers to peptides in order to modulate their pharmacokinetic 
profile and thereby improve their clinical utility. The con 
jugates of the invention have the ability to Stabilize and 
deliver luminal cholecystokinin releasing factor (LCRF) to 
receptors in the gut, without absorption in the bloodstream. 

BACKGROUND OF THE INVENTION 

0.003 Endogenous LCRF acts at receptors on the luminal 
Surface of gut epithelial cells, causing them to release 
cholecystokinin (CCK), a polypeptide hormone that induces 
Satiety and reduces food intake, into the bloodstream. EXOg 
enous LCRF, stabilized and delivered to the gut, will mimic 
normal physiological activity. The chemical modification of 
peptides regulating feeding behavior has the potential to 
treat obesity, a Serious and growing public health problem in 
all industrialized nations, especially the United States. 
0004 Obesity is near epidemic proportions in industrial 
ized countries, and its prevalence is increasing. The patho 
genesis of obesity is complex, involving the interaction of 
lifestyle, dietary, behavioral and genetic factors. It is an 
object of the present invention to provide a drug that will 
induce Satiety and will thereby produce weight loSS. 
0005 The role of neuro- and gastric-peptides in regula 
tion of feeding has been a major focus of obesity research. 
Convincing evidence exists that CCK inhibits feeding. 
(Schwartz, G.J., Berkow, G., McHugh, P. R., Moran, T. H., 
“Gastric Branch Vagotomy Blocks Nutrient and Cholecys 
tokinin-induced Suppression of Gastric Emptying, Am. J. 
Physiol., 264:R630-7 (1993) (the disclosure of which is 
incorporated herein in its entirety)). Regulation of CCK 
expression is achieved in large part by regulation of LCRF, 
which is constitutively expressed in the duodenum in rats. In 
humans, it is postulated that Stimulation by nutrients is 
required to Stimulate Secretion of the putative CCK-releas 
ing factor. (Liddle, R. A. “Cholecystokinin Cells, Ann. Rev. 
Phsyiol., 59:221-42 (1997) (the disclosure of which is 
incorporated herein in its entirety)). After a protein meal, 
proteins in the food Saturate the available trypsin, leaving a 
greater amount of LCRF unhydrolyzed, which then binds to 
the CCK cells. This causes them to release CCK, leading to 
Satiety. 
0006. In one aspect, the conjugates of the present inven 
tion can be used to target the LCRF receptor with LCRF, its 
natural agonist, in order to initiate CCK release. 
0007. It is an object of the invention to provide a means 
for delivering LCRF to its target receptor. This object is 
achieved by conjugation of PEG oligomers or polymers 
modified with alkyl groups to proteins and peptides, to 
improve their pharmacologic properties. The present inven 
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tion uses amphiphilic oligomer and polymer conjugation to 
vary the hydrophobicity and hydrophilicity of drug mol 
ecules. This reduces immunogenicity, prevents enzymatic 
degradation and facilitates oral delivery and partitioning to 
various tissues. 

0008. It is another object of the invention to provide 
conjugated LCRF which will be able to induce CCK release 
from CCK-releasing cells, leading to Satiety and a reduction 
in food intake. We propose to deliver LCRF using our 
proprietary amphiphilic polymer conjugation technology, 
which will protect LCRF from proteolysis and confine it to 
the lumen of the gut for an extended period of time, 
producing Satiety. We propose that Such a conjugated LCRF 
would be an effective and safe therapeutic for chronic 
treatment of obesity. 
0009. The invention also provides synthetic methods for 
attaching an amphiphilic polymer to the N-terminal residues 
of LCRF, a 35 amino acid fragment that exhibits all the 
biological activity of full-length LCRF. 
0010. The amphiphilic conjugate comprises a polyethyl 
ene glycol (PEG) moiety and an alkyl chain. The alkyl chain 
can integrate into membranes on the epithelium of the 
intestine, bringing the conjugate in close proximity to LCRF 
receptors, which are located on the CCK-releasing cell 
surface. Stability of the peptide will be prolonged to main 
tain bioactivity. Moreover, where greater Stability and a 
reduced tendency to penetrate the intestinal epithelium is 
required, peptides can be provided with conjugates at the 
N-terminus, at K19 and the C-terminus. 
0011. The operability of the LCRF conjugate molecules 
can be validated in a cell-based assay, using freshly prepared 
CCK-releasing cells obtained from rat intestine. A radioim 
munoassay (RIA) can be used to detect CCK release. 
0012 LCRF is secreted in the duodenum and is physi 
ologically regulated by proteolysis, particularly by trypsin. 
By protecting LCRF from proteolytic digestion, it will retain 
activity, bind to, and activate, LCRF receptors on CCK cells. 
0013 An amphiphilic polymer can be covalently 
attached to the E amino group of K19, adjacent to the only 
trypsin cleavage site in LCRF (1-41), thus protecting LCRF 
from trypsin proteolysis by Steric hindrance. It is preferable 
that modifications made to LCRF must not obstruct key 
residues involved in receptor binding. Since it is known that 
K19 is within the region crucial for receptor binding, it is 
preferable to attach the K19 conjugate with a linker that is 
slowly hydrolyzed under conditions found in the duodenum. 
AS the K19 conjugate is released, the peptide then regains 
full activity. Slow hydrolysis may also extend action of the 
delivered LCRF, to minimize dosing. 
0014) About 55% of the US population is overweight or 
obese, with serious public health consequences. (The 
National Heart Lung and Blood Institute in cooperation with 
The National Institutes of Diabetes and Digestive and Kid 
ney Diseases, “Clinical Guidelines on the Identification, 
Evaluation, and Treatment of Overweight and Obesity in 
Adults.” NIH Publication no. 998-4083 (1998) (the disclo 
sure of which is incorporated herein in its entirety)). Three 
of the most Serious Sequelae of obesity are heart disease, 
hypertension, and diabetes. Dieting and exercise have been 
largely unsuccessful long-term Strategies for most over 
weight people (Wadden, T. A. “Treatment of Obesity by 
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Moderate and Severe Caloric Restriction. Results of Clinical 
Research Trials, Ann. Intern. Med., 119:688-693 (1993) (the 
disclosure of which is incorporated herein in its entirety)); 
thus there is a need for pharmaceuticals that SuppreSS 
appetite. One approach to appetite Suppression is to induce 
release of CCK, a peptide hormone that produces Satiety and 
reduces feeding. 
0.015 CCK is one component of the hormonal system 
that tightly regulates hunger and Satiety, digestion, and 
disposal of nutrients. CCK has Several activities: it induces 
Satiety and reduces food intake, Stimulates gallbladder con 
traction, increaseS pancreatic enzyme Secretion; and delayS 
gastric emptying. When food, especially fat and protein, 
enters the Small intestine, CCK is released into the blood 
where it binds to receptors in the peripheral nerves, pan 
creas, gall bladder, and stomach. (Mutt, V. “Secretin and 
Cholecystokinin.” in “Gastrointestinal Hormones,” 251-320 
(ed. V Mutt, San Diego, Academic Press, 1998) (the disclo 
Sure of which is incorporated herein in its entirety)). 
0016 CCK release in the intestine is under negative 
feedback regulation. (Green, G. M. & Lyman, R. L. “Feed 
back Regulation of Pancreatic Enzyme Secretion as a 
Mechanism for Trypsin Inhibitor-induced Hypersecretion in 
Rats.” Proc. Soc. Exp. Biol. Med., 140:6-12 (1972) (the 
disclosure of which is incorporated herein in its entirety)). 
LCRF is a constitutively produced, trypsin-Sensitive intes 
tinal CCK-releasing peptide responsible, in part, for this 
negative feedback phenomenon. (Lu, L., Louie, D., & Owy 
ang, C. “A Cholecystokinin Releasing Peptide Mediates 
Feedback Regulation of Pancreatic Secretion, Am. J. 
Physiol., 256:G430-G435 (1989); Miyasaka, K., Guan, D., 
Liddle, R. A. & Green, G. M. “Feedback Regulation by 
Trypsin: Evidence for Intraluminal CCK-releasing Peptide, 
Am. J. Physiol., 257. G175-G181(1989) (the disclosure of 
which is incorporated herein in its entirety)). FIG. 1 
(adapted from Miyasaka K& Funakoshi A (1998) Pancreas 
16:279) summarizes the regulation of CCK release by 
LCRF. In the basal or fasting state, all LCRF is rapidly 
cleaved by trypsin. Upon ingestion of protein or trypsin 
inhibitors, some LCRF remains intact and binds to the 
CCK-releasing cell, causing CCK release and Satiety. When 
LCRF is infused into the duodenum of rats with trypsin 
inhibitors, it causes a reduction in food intake. (Green, G. 
M., Taguchi, S., Friestman, J., Chey, W.Y., Liddle, R. A. 
“Plasma Secretin, CCK, and Pancreatic Secretion in 
Response to Dietary Fat in the Rat, Am. J. Physiol., 
256: G1016-1021 (1989) (the disclosure of which is incor 
porated herein in its entirety)). 
0017 LCRF is a potent CCK releasing factor. LCRF is 
one of at least three peptides responsible for causing CCK 
cells to release CCK into the bloodstream. LCRF is the most 
potent of these peptides. Two other peptides Secreted into the 
intestines are also found to Stimulate CCK release: diazepam 
binding inhibitor and monitor peptide. The latter controls 
CCK release by positive feedback regulation. However, the 
potency of these two peptides for Stimulating CCK release 
is less than LCRF (down 100-1,000 fold and 6 fold respec 
tively). (Liddle, R. A., unpublished results; H. Spannagel A. 
W., Reeve, J. R., Liddle, R. A., Guan, D., Green, G. M. “An 
Amino-terminal Fragment of LCRF, LCRF(1-35), Has the 
Same Activity as the Natural Peptide, Am. J. Physiol., 
273:G754-758 (1997) (the disclosures of which are incor 
porated herein in their entireties)). 
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0018. The nature of the receptor-LCRF interaction has 
not been established, as the receptor has not been identified. 
However, there is strong evidence that the receptor resides 
on the cell surface. Dr. Rodger Liddle of Duke University, 
our collaborator, has demonstrated that LCRF stimulates 
CCK release from intestinal endocrine cells through a cal 
cium influx pathway. (Liddle, R. A., Prpic, V., Wang, Y., 
Romac, J., Green, G. M., Reeve, J. R. “Luminal Cholecys 
tokinin Releasing Factor (LCRF) Stimulates CCK Release 
from Intestinal Endocrine Cells through a Calcium Influx 
Pathway,”Gastroenterology, 116:A622 (1999) (the disclo 
Sure of which is incorporated herein in its entirety)). Increase 
in intracellular calcium are a typical Signaling mechanism 
for receptor Signaling and Strongly Suggest that the receptor 
resides on the cell Surface. 

0019 Feeding of trypsin inhibitors or diversion of bile 
pancreatic juice Stimulates pancreatic exocrine Secretion and 
CCK release in rats and humans. (Slaff, J. D., Jacobson, C. 
R., Tulman, C., et al., “Protease-specific Suppression of 
Pancreatic Exocrine Secretion,” Gastroenterology, 87:44-52 
(1984) (the disclosure of which is incorporated herein in its 
entirety)). A CCK-stimulating peptide that is sensitive to 
tryptic digestion was first purified from rat intestinal wash 
ings. (Spannagel, A. W., Green, G. M., Guan, D., Liddle, R. 
A., Faull, K. & Reeve, J. R. "Purification and Characteriza 
tion of a Luminal Cholecystokinin-releasing Factor from Rat 
Intestinal Secretion, Proc. Natl. Acad. Aci. USA, 93:4415 
4420 (1996) (the disclosure of which is incorporated herein 
in its entirety)). This peptide, named luminal cholecystoki 
nin releasing factor (LCRF), stimulates CCK release from 
isolated rat, mouse, and human intestinal cells and a cell line 
derived from an intestinal endocrine tumor (STC-1 cells). 
(Rindi, G. S., Grant, S. G. N., Yiangou, Y., et al. “Devel 
opment of Neuroendocrine Tumors in the Gastrointestinal 
Tract of Transgenic Mice. Heterogeneity of Hormone 
Expression, Am. J. Pathol., 136:1349-1363 (1990) (the dis 
closure of which is incorporated herein in its entirety)). The 
35 residue N-terminal fragment of LCRF has all of the 
biological activity of the native peptide, which is between 
60-65 residues long (8136 Da). Using synthetic peptides, it 
has been found that residues 11-25 are responsible for the 
CCK releasing properties of LCRF, producing about 60% of 
the activity of the 1-41 fragment. (Spannagel, A. W., Reeve, 
J. R., Jr, Greeley, G. H., Jr, Yanaihara, N., Liddle, R. A., 
Green, G. M.. “Bioactivity of Intraduodenally and Intrave 
nously Infused Fragments of Luminal Cholecystokinin 
Releasing Factor (LCRF).”Regulatory Peptides, 73:161-4 
(1998) (the disclosure of which is incorporated herein in its 
entirety)). However, the gene for LCRF has not been iden 
tified, and as of December 1999, no homologues exist in 
publicly available protein or DNA sequence databases. 
0020. The present invention provides an LCRF conjugate 
that retains the capacity to bind to the LCRF receptor on 
CCK cells, is protected from proteolytic cleavage; and is 
confined to the lumen of the gut by virtue of its molecular 
weight. LCRF receptor binding will cause the CCK cells to 
release CCK into the blood Stream, leading to Satiety and a 
reduction in food intake. Accordingly, the present invention 
provides LCRF conjugates that provide an effective orally 
delivered treatment of obesity. 
0021 Practical limitations exist to the use of peptides as 
drugs. Proteolysis, both in the gut and in the bloodstream, is 
a major barrier to using peptides as therapeutics. Indeed, the 
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transient nature of many endogenous peptides, including 
LCRF, is a feature of their regulatory function. Another 
difficulty encountered with non-endogenous peptides is 
immunogenicity. As a result of these problems, the approach 
of the pharmaceutical industry has been to create Small, 
non-peptide molecules using medicinal chemistry. And 
while medicinal chemistry has been Successful, it is very 
time consuming. Furthermore, chemical drugs may have 
unexpected toxicity or teratogenicity. 
0022 While the use of “PEGylated” proteins is well 
established, to date they have been confined to injectable 
use. The present invention provides orally available conju 
gates of polypeptides, Such as insulin, leu-enkephalin, and 
calcitonin. (Ekwuribe, N., Ramaswamy, M., Allaudeen, H. 
S., Rajagopalan, J. S., et al., “Oral Insulin Delivery: Hydro 
ly Zable Amphiphilic Oligomer Conjugates Prolong Glucose 
Reduction, Proceed Intl. Symp. Control Release Bioactiv. 
Materials, Abstract 242 (1999); Anderson, W. R., Ekwuribe, 
N., Ansari, A., Harris, T. M., Surguladze, D. "Structure 
Activity Relationship ASSessment of Conjugated Enkepha 
lins in Centrally Mediated Analgesia, Soc. for Neuro 
Science, Abstracts 25(1):180 (1999); Krishnan, D. R., 
Ramaswamy, M., Rajagopalan, J. S., AnderSon, W. R., 
Allaudeen, H. S., Myung, S., Ekwuribe, N. “Oral Delivery 
of Calcitonin by Conjugation with Amphiphilic Oligomers, 
Proceed. Intl. Symp. Control Release Bioactiv: Materials, 

Abstract 243 (1999) (the disclosures of each of which are 
incorporated herein in their entireties)). Specifically, present 
invention provides conjugates comprising PEG units linked 
to alkyl chains. (U.S. Pat. No. 5,681,811: Conjugation 
Stabilized Therapeutic Agent Compositions, Delivery and 
Diagnostic Formulations Comprising Same, and Method of 
Making and Using the Same (the disclosure of which is 
incorporated herein in its entirety)). By adjusting the number 
of PEG monomers, the type and length of the alkyl chain and 
the exact nature of the PEG-peptide linkage, desired prop 
erties of lipophilicity can be tailored to a specific use. In 
addition, the exact nature of the PEG-peptide linkage can be 
varied such that it is stable or sensitive to hydrolysis at 
physiological pH. The hydrolyzable linker allows the intact, 
unconjugated peptide to be released over time, to act as a 
prodrug. 

0023 Cell-based assays can be used to validate to capac 
ity of amphiphilic oligomer-LCRF conjugates for oral deliv 
ery in animals. Animal Studies can then be used to validate 
the appetite-Suppressing ability of the conjugates. For 
example, rats can be Subjected to behavioral Studies to assess 
the appetite Suppression profile of the LCRF-conjugate. If 
the conjugate shows desired ability to Suppress appetite in 
rats, the compound will be Subjected to detailed pharmaco 
kinetic, and pharmacodynamic Studies in rats, as well as 
toxicity testing. 

0024. An enormous effort is being made to develop 
pharmaceuticals for the treatment of obesity. A recently 
approved drug for obesity is the lipase inhibitor orlistat, 
which prevents fat uptake, but does not affect appetite. 
Orlistat (Xenical) may lead to diminished fat-soluble vita 
min intake and can have very unpleasant Side effects. 
Marketed appetite Suppressants include Sibutramine 
(Meridia), a mixed neurotransmitter reuptake inhibitor, and 
Sympathomimetic agents. However, use of these drugs is 
limited by CNS effects. In 1997, the appetite Suppressant 
drug combination fenfluramine and dexfenfluramine (Fen 
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Phen) was found to cause cardiac valvulopathy and was 
withdrawn from the market. (U.S. Department of Health and 
Human Services, “Cardiac Vavulopathy Associated with 
Exposure to Fenfluramine and Dexfenfluramine: U.S. 
Department of Health and Humans Services Interim Public 
Health Recommendations, Morb. Mortal. Wkly. Rep., 
46:1061-1066 (1997) (the disclosure of which is incorpo 
rated herein in its entirety). Neuropeptide Y antagonists, 
kappa opioid receptor antagonists, melanocortin-4 agonists 
and beta-3 adrenergic receptor antagonists are all in pre 
clinical development for appetite Suppression. Leptin and 
neuropeptide Y, two endogenous peptides, are involved in 
controlling the long-term regulation of food consumption 
and energy expenditure. (Friedman, J. M., Halaas, J. L. 
“Leptin and the Regulation of Body Weight in Animals, 
'Nature, 395:763-770 (1998) (the disclosure of which is 
incorporated herein in its entirety)). While these two pep 
tides are being Studied intensely, neither has proven Suc 
cessful in clinical Studies. 

0025. The CCK pathway is involved in the modulation of 
feeding patterns, rather than long-term weight maintenance. 
(Spiegelman, B. M., Flier, J. S.“Adipogenesis and Obesity: 
Rounding Out the Big Picture,” Cell, 87:377-389 (1996) (the 
disclosure of which is incorporated herein in its entirety)). 
Three of the approaches to discovery and development of 
drugs for obesity directly target the CCK pathway, including 
CCK-A agonists, inhibitors of CCK proteolysis, and ago 
nists to the LCRF receptor. 
0026 Several benzodiazepine analogs and peptidomi 
metics are in preclinical development as CCK-A agonists. 
These compounds have been shown to decrease food intake 
in rats and are in preclinical development for the treatment 
of obesity by Abbott Laboratories and Glaxo Wellcome. 
Further validation of this approach is the use of CCK-A 
antagonists as a treatment for anorexia nervosa. 
0027 Butabindide is a cholecystokinin-inactivating pep 
tidase inhibitor that is undergoing preclinical investigation 
by INSERM, France, for the treatment of obesity. However, 
the duration of action ofbutabindide is too brief for clinical 
utility, and investigation of other analogs is underway. 
0028 Synthetic Small molecules that are LCRF receptor 
agonists could be used to Stimulate CCK release. However, 
Structure-based drug design is not a currently viable Strategy 
because of lack of structural data on either LCRF or its 
receptor. 

0029. By 2005, the number of people dieting to lose 
weight for health reasons is expected to be 5.8 million. The 
total market for weight-loSS products and Services, including 
diet foods, in the United States for health or cosmetic 
reasons is about S30 billion. Despite the paucity of safe and 
effective products, Americans spent S243 million on obesity 
drugs in 1998. Clearly, the market for a safe, effective and 
chronic treatment for obesity is tremendous. 

SUMMARY OF THE INVENTION 

0030 The present invention provides a composition com 
prising a protein or peptide, Such as LCRF, coupled with one 
or more molecules of a non-naturally-occurring polymer, 
Said polymer comprising a lipophilic moiety and a hydro 
philic polymer moiety, thereby imparting balanced lipohilic 
and hydrophilic characteristics to the composition Such that 
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the composition is Soluble in pharmaceutically acceptable 
Solvents and able to interact with biological membranes. 

0031. The present invention provides a composition com 
prising a protein or peptide, Such as LCRF, coupled with one 
or more molecules of a non-naturally-occurring polymer, 
said polymer comprising: (i) a lipophilic moiety; and (ii) a 
hydrophilic polymer moiety, thereby imparting balanced 
lipohilic and hydrophilic characteristics to the conjugate 
Such that the conjugate is Soluble in pharmaceutically 
acceptable Solvents and able to interact with biological 
membranes. 

0.032 The present invention provides a composition com 
prising a protein or peptide, Such as LCRF, coupled with one 
or more molecules of a non-naturally occurring polymer 
comprising a lipophilic moiety and a hydrophilic moiety 
wherein the composition is Soluble in aqueous Solvents and 
the LCRF is active in prophylaxis or treatment of obesity. 

0033. The present invention provides a composition com 
prising a protein or peptide, Such as LCRF, covalently 
coupled with one or more molecules of a polymer compris 
ing (i) a linear polyalkylene glycol moiety and (ii) a lipo 
philic moiety, wherein the physiologically active peptide, 
the linear polyalkylene glycol moiety and the lipophilic 
moiety are conformationally arranged in relation to one 
another such that the LCRF in the LCRF composition has an 
enhanced in Vivo resistance to enzymatic degradation, rela 
tive to the LCRF alone. 

0034. The present invention provides a composition com 
prising a triglyceride backbone moiety, having: LCRF 
covalently coupled with the triglyceride backbone moiety 
through a polyalkylene glycol spacer group bonded at a 
carbon atom of the triglyceride backbone moiety; and at 
least one fatty acid moiety covalently attached either directly 
to a carbon atom of the triglyceride backbone moiety or 
covalently joined through a polyalkylene glycol Spacer 
moiety. 

0035. The present invention provides polysorbate com 
pleX comprising a polySorbate moiety including a triglycer 
ide backbone having a fatty acid group covalently coupled 
to one of the C. C." and B carbon atoms thereof, and having 
a polyethylene glycol group covalently coupled to one of the 
C., C.' and B carbon atoms thereof. 
0.036 The present invention provides a stable, aqueously 
Soluble, conjugated LCRF complex comprising a LCRF 
Stabilizingly and conjugatively coupled to a polyethylene 
glycol modified glycolipid moiety. 

0037. The present invention provides a polysorbate com 
pleX comprising a polySorbate moiety including a triglycer 
ide backbone having covalently coupled to carbon atoms 
independently Selected from C, C," and B carbon atoms 
thereof, functionalizing groups including: a fatty acid group; 
and a polyethylene glycol group having a physiologically 
active moiety covalently bonded thereto. 

0.038. The present invention also provides an oral admin 
istration dosage form for the treatment of obesity, compris 
ing a pharmaceutically acceptable carrier and a stable, 
aqueously Soluble, conjugated LCRF complex comprising 
LCRF coupled to a physiologically compatible polyethylene 
glycol modified glycolipid moiety. 
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0039 The present invention also provides a method of 
treating obesity in a human or non-human mammalian 
Subject exhibiting Such deficiency, comprising orally admin 
istering to the Subject an effective amount of a conjugated 
LCRF composition comprising a stable, aqueously Soluble, 
conjugated LCRF complex comprising LCRF covalently 
coupled to a physiologically compatible polyethylene glycol 
modified glycolipid moiety. 
0040. The present invention provides a method of pro 
phylactically or interventionally treating potential or devel 
oped obesity in a human or non-human mammalian Subject, 
comprising administering to the Subject an effective amount 
of a conjugated LCRF composition comprising a stable, 
aqueously Soluble, conjugated LCRF complex comprising 
LCRF coupled to a physiologically compatible polyethylene 
glycol modified glycolipid moiety. 
0041. The present invention provides a method of pro 
longing the activity of LCRF in an in vivo or in vitro system, 
comprising conjugatively coupling LCRF with one or more 
molecules of a non-naturally-occurring polymer comprising 
a lipophilic moiety and a hydrophilic polymer moiety to 
yield a conjugatively coupled polymer-LCRF composition, 
and introducing the conjugatively coupled polymer-LCRF 
composition to the in Vivo or in Vitro System. 
0042. The present invention also provides, in a preferred 
embodiment, a compound of the formula: 

0043 where n is from 3 to 230 and m is from 0 to 20. 
0044) The present invention also provides, in a preferred 
embodiment, a compound of the formula: 

0045 where n is from 3 to 230 and m is from 0 to 20 and 
X is selected from the group consisting of N, O or S. 
0046) The present invention also provides, in a preferred 
embodiment, a compound of the formula: 

Me(OCH2CH2)OCH2(CH2)CHCHNH-Protein 

0047 where n is from 3 to 230 and m is from 0 to 20, 
where the protein is preferably a therapeutic protein. 
0048. The present invention also provides, in a preferred 
embodiment, a compound of the formula: 

Me(OCH2CH2).XCH2(CH2)CHCHNH-Protein 
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0049 where n is from 3 to 230 and m is from 0 to 20 and 
X is selected from the group consisting of N, O or S, where 
the protein is preferably a therapeutic protein. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0050 FIG. 1 summarizes the regulation of CCK release 
by LCRF. 
0051 FIG. 2 shows three basic designs for LCRF con 
jugation techniques. 

0.052 FIG. 3 shows the basic synthetic scheme for pre 
paring the polymers according to the invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0.053 While the ensuing description is primarily and 
illustratively directed to the use of LCRF as a peptide 
component in various compositions and formulations of the 
invention, it will be appreciated that the utility of the 
invention is not thus limited, but rather extends to any 
peptide Species which are covalently or associatively con 
jugatable in the manner of the invention, including, but not 
limited to, the following peptide Species: calcitonin, ACTH, 
glucagon, Somatostatin, Somatotropin, Somatomedin, par 
athyroid hormone, erythropoietin, hypothalmic releasing 
factors, prolactin, thyroid Stimulating hormone, endorphins, 
antibodies, hemoglobin, Soluble CD-4, clotting factors, tis 
Sue plasminogen activator, enkephalins, vasopressin, non 
naturally occurring opioids, Superoxide dismutase, inter 
feron, asparaginase, arginase, arginine deaminease, 
adenosine deaminase ribonuclease, trypsin, chemotrypsin, 
and papain, alkaline phosphatase, and other Suitable 
enzymes, hormones, proteins, polypeptides, enzyme-protein 
conjugates, antibody-hapten conjugates, Viral epitopes, etc. 
0.054 The disclosures of the following U.S. patent appli 
cations are incorporated herein by reference: Ser. NoS. 
08/059,701; 08/276,890; 08/509,422; 08/958,383; 09/134, 
803; 09/336,548; 09/429,798; Nos. 60/153.579; 60/153,649; 
60/160,412; 60/161,864; 60/161,884. The disclosure of 
International Patent Application No. PCT/US99/18248 is 
incorporated herein by reference. 
0.055 One objective of the present invention is to provide 
Suitable polymers for conjugation with peptides So as to 
obtain the desirable characteristics enumerated above. 
Another objective is to utilize Such modified peptides for 
sustained in vivo delivery of the peptide. Yet another objec 
tive is to use the technology to deliver peptides orally in their 
active form. 

0056. A further objective is to employ associatively con 
jugated peptides for use in immunoassay, diagnostic, and 
other non-therapeutic (e.g., in vitro) applications. Still 
another objective of the present invention is to provide 
Stabilizingly conjugated peptide compositions, including 
covalently bonded compositions variously Suitable for in 
Vivo as well as non-in vivo applications, and to alternatively 
provide non-covalent, associatively conjugated peptide 
compositions variously Suitable for in Vivo as well as non-in 
Vivo applications. 
0057 Within the broad scope of the present invention, a 
Single polymer molecule may be employed for conjugation 
with a plurality of peptide species, and it may also be 
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advantageous in the broad practice of the invention to utilize 
a variety of polymers as conjugating agents for a given 
peptide; combinations of Such approaches may also be 
employed. Further, Stabilizingly conjugated peptide compo 
sitions may find utility in both in vivo as well as non-in vivo 
applications. Additionally, it will be recognized that the 
conjugating polymer(s) may utilize any other groups, moi 
eties, or other conjugated Species, as appropriate to the end 
use application. By way of example, it may be useful in 
Some applications to covalently bond to the polymer a 
functional moiety imparting UV-degradation resistance, or 
antioxidation, or other properties or characteristics to the 
polymer. As a further example, it may be advantageous in 
Some applications to functionalize the polymer to render 
Same reactive or croSS-linkable in character, to enhance 
various properties or characteristics of the overall conju 
gated material. Accordingly, the polymer may contain any 
functionality, repeating groups, linkages, or other consti 
tutent structures which do not preclude the efficacy of the 
conjugated composition for its intended purpose. Other 
objectives and advantages of the present invention will be 
more fully apparent from the ensuing disclosure and 
appended claims. 
0058 Illustrative polymers that may usefully be 
employed achieve these desirable characteristics are 
described herein below in an exemplary reaction Scheme. In 
covalently bonded peptide applications, the polymerS may 
be functionalized and then coupled to free amino acid(s) of 
the peptide(s) to form labile bonds which permit retention of 
activity with the labile bonds intact. Removal of the bond by 
chemical hydrolysis and proteolysis then enhances the pep 
tidal activity. 

0059. The polymers utilized in the invention may suit 
ably incorporate in their molecules constituents Such as 
edible fatty acids (lipophilic end), polyethylene glycols 
(water Soluble end), acceptable Sugar moieties (receptor 
interacting end), and spacers for peptide attachment. Among 
the polymers of choice, polySorbates are particularly pre 
ferred and are chosen to illustrate various embodiments of 
the invention in the ensuing discussion herein. The Scope of 
this invention is of course not limited to polySorbates, and 
various other polymers incorporating above-described moi 
eties may usefully be employed in the broad practice of this 
invention. Sometimes it may be desirable to eliminate one of 
Such moieties and to retain others in the polymer Structure, 
without loss of objectives. When it is desirable to do so, the 
preferred moieties to eliminate without losing the objectives 
and benefits of the invention are the Sugar and/or the Spacer 
moieties. 

0060. It is preferred to operate with polymers whose 
molecular weights fall between 100 and 10,000 daltons. 
0061. In the practice of the present invention, polyalky 
lene glycol residues of C2-C4 alkyl polyalkylene glycols, 
preferably polyethylene glycol (PEG), are advantageously 
incorporated in the polymer Systems of interest. 

0062) The presence of these PEG residues will impart 
hydrophilic properties to the polymer and to the correspond 
ing polymer-peptide conjugates. Certain glycolipids are 
known to Stabilize proteins and peptides. The mechanism of 
this Stabilization probably involves association of the gly 
colipid fatty acid moieties with the hydrophobic domain of 
the peptide or protein; aggregation of the protein or peptide 
is thus prevented. It also is known that aggregated peptides 
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are poorly absorbed in the Small intestine compared to native 
peptides. The invention therefore contemplates polymer 
peptide products in which the peptide, e.g., LCRF, is con 
jugated with either the hydrophilic or hydrophobic residue 
of the polymer. The fatty acid portion of the polymer is 
provided to associate with the hydrophobic domain of the 
peptide and thus prevent aggregation in Solution. The result 
ing polymer-peptide conjugates thus will be: Stabilized (to 
chemical and enzymatic hydrolysis); water-Soluble, due to 
the PEG residue; and, by virtue of the fatty acid-hydropho 
bic domain interactions, not prone to aggregation. 
0.063 Polyalkylene glycol derivatization has a number of 
advantageous properties in the formulation of polymer 
peptide conjugates in the practice of the present invention, 
as associated with the following properties of polyalkylene 
glycol derivatives: improvement of aqueous Solubility, while 
at the same time eliciting no antigenic or immunogenic 
response; high degrees of biocompatibility; absence of in 
Vivo biodegradation of the polyalkylene glycol derivatives, 
and ease of excretion by living organisms. 
0064. The polymers employed in the practice of the 
present invention thus comprise lipophilic and hydrophilic 
moieties, rendering the resulting polymer-peptide conjugate 
highly effective (bioactive) in oral as well as parenteral and 
other modes of physiological administration, and highly 
effective in non-physiological applications. 
0065. Set out below as illustrative examples of polymer 
peptide conjugates of the present invention are the formulae 
of covalently bonded conjugates denoted for ease of Subse 
quent reference as Conjugate 1, Conjugate 2, and Conjugate 
3, and specific values of m, n, W, X, and y will be described 
in the ensuing discussion. 
0.066 Conjugate 1: 

CN 
LCRF- O-(HCO) (OC2H4), OR 

H 

(OC2H4), OR 

CH2(OC2H4), OR 
wherein: O 
w + x + y + Z = 20; and 
R = oleic acid: CH3(CH2)-CH=CH(CH2)7C 

0067 Conjugate 2: 

O O 

LCRF-NH-C-OCH2CH2(OCH)O-C(CH2)CH, 

0068 Conjugate 3: 

O 

LCRF-NH-C-O(CH2)(OCH)OCH 

0069 Conjugate 1 features commercially available 
polySorbate monooleate at the center of the polymeric 
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System, a Sugar derivative used in many pharmaceutical 
applications. Lipophilic and absorption enhancing proper 
ties are imparted by the oleic acid chain, while the polyeth 
ylene glycol (PEG) residues provide a hydrophilic (hydro 
gen bonding accepting) environment. LCRF is attached 
through a carbamate linkage adjacent to the PEG region of 
the polymer. 

0070. In Conjugate 2 the Sugar residue is excluded, but 
LCRF is once again attached to the polymer through a 
carbamate bond adjacent to the hydrophilic PEG region of 
the polymer. The lipophilic fatty acid region of the polymer 
is thus some distance from the point of attachment to LCRF. 
0071. The arrangement described above for Conjugate 2 
is reversed in the case of Conjugate 3. Once more the Sugar 
residue is excluded, but in this structure the lipophilic fatty 
acid residue is closest to the point of attachment to LCRF 
and the hydrophilic PEG region is distant from the point of 
attachment, which is again through a carbamate bond. 
0072. In the general practice of the invention, various 
methods of coupling the polymers to the peptide are avail 
able and are discussed more fully hereinafter. In working 
with proteins and polypeptides, it should be realized that 
certain residue groups in the peptide are important in their 
overall biological integrity. It is important to choose a 
Suitable coupling agent that does not unduly interfere with 
Such residues. In Some instances, it may be difficult to avoid 
coupling and therefore masking the activity of these impor 
tant residues, but Some activity may be traded for increased 
Stability while maintaining the endowed beneficial proper 
ties. In in vivo applications, for example, frequency of 
dosing may thus be reduced, resulting in reduced costs and 
increased patient compliance. 

0073. The polymers utilized in protein/peptide conjuga 
tion in accordance with the invention are designed to incor 
porate good physical characteristics that enable them to 
achieve the desired objectives. Absorption enhancers, while 
enabling penetration of peptides through the cell membrane, 
do not improve the Stability characteristics of the peptides, 
and in Vivo applications may therefore utilize the polymer 
peptide conjugates of the invention in formulations devoid 
of Such penetration enhancers. One aspect of the present 
invention therefore relates to the incorporation of fatty acid 
derivatives within the polymer, to mimic penetration 
enhancers. 

0074. In the covalently conjugated polymer-peptide con 
jugates of the present invention, the peptide may be 
covalently attached to the water-Soluble polymer by means 
of a labile chemical bond. This covalent bond between the 
peptide and the polymer may be cleaved by chemical or 
enzymatic reaction. The polymer-peptide product retains an 
acceptable amount of activity; full activity of the component 
peptide is realized when the polymer is completely cleaved 
from the peptide. Concurrently, portions of polyethylene 
glycol are present in the conjugating polymer to endow the 
polymer-peptide with high aqueous Solubility and prolonged 
blood circulation capability. Glycolipids are usefully asso 
ciated with the polymer in Such a way that their fatty acid 
moieties occupy the hydrophobic domain of the peptide and 
thus prevent aggregation. Aggregation of peptides results in 
their being poorly absorbed in the Small intestine. Unaggre 
gated peptides are more easily absorbed by the Small intes 
tine. The incorporation of glycolipids into the conjugating 
polymer thus Serves the purposes of improving Stability and 
preventing peptide aggregation after conjugation. The modi 
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fications described above confer improved solubility, stabil 
ity, and membrane affinity properties on the peptide. As a 
result of these improved characteristics the invention con 
templates parenteral and oral delivery of both the active 
polymer-peptide species and, following hydrolytic cleavage, 
bioavailability of the peptide per se, in Vivo applications. 
0075. The polymers used in the embodiment described 
below can be classified as polyethylene glycol modified 
glycolipids and polyethylene glycol modified fatty acids. 
Among preferred conjugating polymerS may be mentioned 
polySorbates comprising monopalmitate, dipalmitate, tri 
palmitate, monolaurate, dilaurate, trialaurate, monooleate, 
dioleate, trioleate, monoStearate, distearate, and triStearate. 
The number average molecular weight of polymer resulting 
from each combination is preferred to be in the range of 
from about 500 to about 10,000 daltons. Alternative poly 
mers of preference for this embodiment are polyethylene 
glycol ethers or esters of fatty acids, Such fatty acids being 
lauric, palmitic, oleic, and Stearic acids, and the polymers 
ranging from 500 to 10,000 daltons in number average 
molecular weight. It is preferred to have a derivatizable 
group in the polymer, where Such group can be at the end 
terminating with polyethylene glycol or at the end terminat 
ing with fatty acid. The derivatizable group may also be 
Situated within the polymer and thus may serve as a Spacer 
between the peptide and the polymer. 
0.076 Several methods of modifying fatty acid sorbitan to 
achieve the desired polymer will be discussed in further 
detail with structural illustrations. Polysorbates are esters of 
Sorbitols and their anhydrides, which are copolymerized 
with approximately twenty moles of ethylene oxide for each 
mole of Sorbitol and Sorbitol anhydrides. Shown below is the 
Structure of a representative polymer. 

(Formula 1) 
HO(CH4O)w 

0077. The sum of w, x, y, z is 20 and R1,R2 and R3 are 
each independently Selected from the group consisting of 
lauric, oleic, palmitic and Stearic acid radicals, or R1 and R2 
are each hydroxyl while R3 is lauric, palmitic, oleic or 
Stearic acid radical. These polymers are commercially avail 
able and are used in pharmaceutical formulations. Where a 
higher molecular weight polymer is desired, it may be 
Synthesized from glycolipids Such as Sorbitan monolaurate, 
Sorbitan monooleate, Sorbitan monopalmitate or Sorbitan 
monoStearate, and an appropriate polyethylene glycol. 
Structures of glycolipids which may be used as Starting 
reagents are depicted below. 

(Formula 2) 
HO OH 

CHO-C-(CH2)CH 
m = 10 to 16 

0078. In the synthesis of glycolipid polymers substituted 
in three positions with polyethylene glycol, a desired poly 

May 13, 2004 

ethylene glycol having two free hydroxyls at the termini is 
protected at one terminus with a trityl group in pyridine 
using one mole of trityl chloride. The remaining free 
hydroxyl group of the polyethylene glycol is converted to 
either tosylate or bromide. The desired glycolipid is dis 
Solved in a Suitable inert Solvent and treated with sodium 
hydride. The tosylate or bromide of the protected polyeth 
ylene glycol is dissolved in inert Solvent and added in exceSS 
to the Solution of glycolipid. The product is treated with a 
Solution of para-toluenesulfonic acid in anhydrous inert 
Solvent at room temperature and purified by column chro 
matography. The Structures of the transformation are 
depicted below. 

(Formula 3) 
HO OH 

-- 
OH 

CHO-C-(CH2)CH 
NaH 

BrCH2CH2(OCH)OTrityl (ex) Her 

Trityl-O- (C2H4O). (OC2H4),OTrityl 
S 

(OC2H4),OTrityl p-TSA 

CHO-C-(CH2)CH 
HO-(CHO), (OCH), OH 

S. 

(OCHA),OH 
O 

| 
CHO-C-(CH2)CH 

m = 10 to 16 

Sum of x, y, z = 8 to 240 

0079. By adjusting the molar equivalent of reagents and 
using the appropriate molecular weight range of polyethyl 
ene glycol, mono or disubstituted glycolipids of the desired 
molecular weight range can be obtained by following the 
above procedures. 

(Formula 4) 
HO OH 

(OCH)OH 
O 

CHO-C-(CH2)CH, 
HO (OC2H4),OH 

s 

(OCH)OH 
O 

CHO-C-(CH2)CH 
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0080 wherein each n and m may vary independently, and 
have any Suitable value appropriate to the Specific peptide 
being Stabilized, e.g., from 1 to 16. 

0081. The Sugar portion of the glycolipid described above 
can be Substituted with glycerol or aminoglycerol whose 
structural formulae are shown below. 

(Formula 5) 
CH2OH CH-NH2 

HO-CH HO-CH 

CH2OH CH2OH 

0082 In this modification, the primary alcohol is first 
etherified or esterified with a fatty acid moiety Such as lauric, 
oleic, palmitic or Stearic; the amino group is derivatized with 
fatty acids to form amides or Secondary amino groups, as 
shown below. 

(Formula 6) 
O 

cho--cloch, CH2O(CH2)CH3 
HO-CH HO-CH 

CHOH CHOH 
O 

CH-NH-C-(CH2)CH 
HO-CH 

CH2OH 

CH-NH(CH2)CH3 
HO-CH 

CH2OH 

0.083 wherein m may have any suitable value, e.g., from 
10 to 16. 

0084. The remaining primary alcohol group is protected 
with a trityl group while the Secondary alcohol group is 
converted with polyethylene glycol to a desired polymer. 
Usually, the polyethylene glycol bears a leaving group at one 
terminal and a methoxy group at the other terminal. The 
polyethylene glycol is dissolved in inert Solvent and added 
to a Solution containing glycolipid and Sodium hydride. The 
product is deprotected in para-toluenesulfonic acid at room 
temperature to give the desired polymer as depicted. 

CH2X(CH2)CH3 
p-TsA 

RX(CHO)-CH 
CHOTrityl 

p-TsA = Para toluenesulfonic acid 
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-continued 
CH2X(CH2)CH3 

RX(CHO)-CH 
CH2OH 

(Formula 7) 

0085. Sometimes it is desirable to incorporate fatty acid 
derivatives in different parts of the polyethylene glycol chain 
to achieve certain physicochemical properties similar to 
polysorbates that have been substituted with two/three mol 
ecules of fatty acids, e.g., polySorbate trioleate. 

0086 Structures representing the polymers are shown in 
the reaction Scheme below as the open chain of the polySor 
bate. 

(Formulae 8) 

och) xR 
A. PrNH-CO(CHO)CH-CH 

CH2(OC2H4), XR 

B PrNH-CO(CHO) (OCH)2XR 

if 
(OCH4)3XR 

O 

(OCH)4XR 

O 

| 
D PrNH-CO(CHO) XR 

Pr= Peptides, Proteins, Protein Drugs; 
R = Alkyl, Cs to C18. 
n = 5 to 120; 

O O 

X=O, S, C-O-, C-NH-; 
O O 

| | 
PrNH-C-O; NH-C-O- could be 

O O 

| | 
-C-O-, HN-C-: 
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-continued 

HOCH).XR 
E PrNH-CO(CH2)-CH 

O 

F PrNH-CO(CH2)(OCH)-XR 

OCH).XR 
G PrNH-CO(CH-)-CH-CH 

CH2(OCH)2XR 
Pr= Peptides, Proteins, Protein Drugs; 
R = Alkyl, Cs to C18; 
n = 5 to 120; 
m = 2 to 15; 

X=O, S, C-O-, C-NH-; 

PrNH-C-O; NH-C-O- could be 

-C-O-, HN-C-: 

(CH2)CH3 
A 

H PNH-cocho-Cl 
(C2H4O),XR 

Pr= Peptides, Proteins, Protein Drugs; 
R = Alkyl, Cs to C18. 
m = 5 to 18; 
n = 2 to 15: 
y = 5 to 120; 
and wherein m, n, and y may be independently varied within the above 
ranges, relative to one another. 

0087. In the synthesis of polymer A, it is desirable to 
protect the hydroxyl moieties on the first and Second carbon 
of glycerol, e.g. Solketal. The remaining hydroxyl group is 
converted to the Sodium Salt in an inert Solvent and reacted 
with halogenated or tosylated polyethylene glycol in which 
one end of the polyethylene glycol has been protected as an 
ester. The glycerol protection is removed and the resulting 
two free hydroxyl groups are converted to the corresponding 
Sodium Salts. These Salts are reacted in inert Solvent with 
polyethylene glycol which has been partially derivatized 
with fatty acids. Reaction takes place after the free hydroxyl 
is converted to the tosylate or bromide. 
0088 Polymer G is synthesized in the same manner 
except that the protected glycerol is first reacted with esters 
of fatty acids which have been halogenated at the terminal 
carbon of the acid. 

0089. In the synthesis of polymer C, it is preferable to 
start with 1,3-dihalo-2-propanol. The dihalo compound is 
dissolved in inert Solvent and treated with the Sodium salt of 
two moles of polyethylene glycol which has been previously 
derivatized with one mole of a fatty acid moiety. The product 
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is purified by chromatography or dialysis. The resulting dry 
product is treated, in inert solvent, with sodium hydride. The 
Sodium salt thus formed is reacted with a halo derivative of 
partially protected polyethylene glycol. 

0090 Sometimes it may be desired to omit the Sugar 
portion of the polymer. The resulting polymer Still contains 
a polyethylene glycol fragment. The membrane affinity 
properties of the fatty acid moiety may be retained by 
Substituting a fatty acid proper with a lipophilic long chain 
alkane; biocompatibility is thus preserved. In one instance of 
this embodiment the polyethylene glycol with two terminal 
free hydroxyl groups is treated with Sodium hydride in inert 
Solvent. One equivalent weight of a primary bromide deriva 
tive of a fatty acid-like moiety is added to the polyethylene 
glycol Solvent mixture. The desired product is extracted in 
inert Solvent and purified by column chromatography if 
neceSSary. 

CH3(CH2)CHBr + HOCH2CH2(OC2H4), (Formula 9) 

OHSNCHCH (CH), CH(OCH), OH 

0091. Where it is desired to form an ester linkage 
between the fatty acid and the polyethylene glycol, the acid 
chloride of the acid is treated with excess of desired poly 
ethylene glycol in Suitable inert solvent. The polymer is 
extracted in inert solvent and further purified by chroma 
tography if necessary. 

CH3(CH2)COCl + HOCH2CH2(OCH)OH 

(Formula 10) 

0092. In some modifications of peptides, it is desired to 
conjugate the fatty acid moiety directly to the peptide. In this 
case the polymer is Synthesized with the derivatizable func 
tion placed on the fatty acid moiety. A Solution of mono 
methoxypolyethylene glycol of appropriate molecular 
weight in inert solvent is treated with sodium hydride 
followed by the addition of solution containing the ethyl 
ester of a fatty acid bearing a leaving group at the terminal 
carbon of the acid. The product is purified after solvent 
extraction and if necessary, by column chromatography. 

O 

NaH 
CHCHOC(CH2), Br + HOCH2CH2(OCH),XR -> 

(Formula 11) 
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0093. The ester protection is removed by treating with 
dilute acid or base. 

(Formula 12) 

HO-C(CH2)-(OCH) XR 

0094) Where it is desired to form a carbamate bond with 
the polypeptide, the carboxyl or ester is converted to a 
hydroxyl group by a chemical reduction method known in 
the art. 

HO-(CH2)-(OCH) XR (Formula 13) 
0.095 The functional groups that are used in polypeptide 
conjugation are usually at a terminal end of the polymer, but 
in Some cases, it is preferred that the functional group is 
positioned within the polymer. In this situation, the deriva 
tizing groups serve as Spacers. In one instance of this 
embodiment, a fatty acid moiety may be brominated at the 
carbon alpha to the carboxylic group and the acid moiety is 
esterified. The experimental procedure for Such type of 
compound is similar to the one outlined above, resulting in 
the product shown below. 

(Formula 14) 
CH3(CH2)C(OC2H4),XR 

COOH 

0096. When an extended spacer is desired, a polyethylene 
glycol monoether may be converted to an amino group and 
treated with Succinic anhydride that has been derivatized 
with a fatty acid moiety. A desired polyethylene glycol 
bearing primary amine is dissolved in Sodium phosphate 
buffer at pH 8.8 and treated with a substituted Succinic 
anhydride fatty acid moiety as shown in the Scheme below. 
The product is isolated by solvent extraction and purified by 
column chromatography if necessary. 

(Formula 15) 
CH3(CH2)CHCXCH2CH2(OCHA).XR 

CH2 

COOH 

0097. It is to be understood that the above reaction 
Schemes are provided for the purposes of illustration only 
and are not to be limitingly construed in respect of the 
reactions and structures which may be beneficially utilized 
in the modification of peptides in the broad practice of the 
present invention, e.g., to achieve Solubility, Stabilization, 
and cell membrane affinity for parenteral and oral adminis 
tration. 

0098. The present invention provides conjugates of bio 
compatible polymers with as biologically active macromol 
ecules, diagnostic reagents, etc., which may for example 
consist of peptides, proteins, enzymes, growth hormones, 
growth factors and the like. Such macromolecular com 
pounds may be built with alpha-amino acids joined in an 
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amide linkage to form peptide oligomers and polymers. 
Depending on the functions of these Substances, the peptide 
components can be proteins, enzymes, growth hormones, 
etc. For the purpose of brevity, these Substances are collec 
tively referred to here as peptides and are designated as Pr. 
In all cases, biologically active peptides contain free amino 
or carboxyl groups. Linkage between the polymer and 
peptides is generally effected through free amino or carboxyl 
groupS. 

0099. The peptides chosen for the purposes of illustration 
herein are of particular interest in the fields of medicine, 
agriculture, Science, and domestic, as well as industrial 
applications. They may be enzymes utilized in replacement 
therapy; hormones for promoting growth in animals, or cell 
growth in cell culture; or active proteinaceous Substances 
used in various applications, e.g., biotechnology and bio 
logical and medical diagnostics. Among the enzymes that 
can be mentioned are Superoxide dismutase, interferon, 
asparaginease, glutamase, arginase, arginine deaminase, 
adenosine deaminase ribonuclease, trypsin, chromotrypsin, 
and papain. Among the peptide hormones that can be 
mentioned are insulin, calcitonin, ACTH, glucagon, Soma 
tosin, Somatropin, Somatomedin, parathyroid hormone, 
erthyropoietin, hypothalamic releasing factors, prolactin, 
thyroid Stimulating hormones, endorphins, enkephalins, and 
Vasopressin. 

0100. The reaction of the polymer with the peptide to 
obtain covalently conjugated products is readily carried out. 
For the purpose of brevity in discussion herein, the polymer 
is referred to as (P). Where the polymer contains a hydroxyl 
group, it is first converted to an active carbonate derivative 
Such as para-nitrophenyl carbonate. The activated derivative 
then is reacted with the peptide in a short period of time 
under mild conditions producing carbamate derivatives with 
preserved biological activity. 

(Formula 16) 

e-cro---()-so -- 
O 

Pr-NH (P)-CH-O-C-NHPr 

0101 The above reaction and reagent only serve as 
illustration and are not exclusive; other activating reagents 
resulting in formation of urethane, or other, linkages can be 
employed. The hydroxyl group can be converted to an amino 
group using reagents known in art. Subsequent coupling 
with peptides through their carboxyl groups results in amide 
formation. 

0102) Where the polymer contains a carboxyl group, it 
can be converted to a mixed anhydride and reacted with the 
amino group of the peptide to create a conjugate containing 
an amide bond. In another procedure, the carboxyl group can 
be treated with water-soluble carbodiimide and reacted with 
the peptide to produce conjugates containing amide bonds. 

0103) The activity and stability of the peptide conjugates 
can be varied in Several ways, Such as changing the molecu 
lar ratioS of polymer to peptide and by using a polymer of 
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different molecular size. Solubilities of the conjugates can be 
varied by changing the proportion and Size of the polyeth 
ylene glycol fragment incorporated in the polymer compo 
Sition. Hydrophilic and hydrophobic characteristics can be 
balanced by careful combination of fatty acid and polyeth 
ylene glycol moieties. 

0104 Set out below are some illustrative modification 
reactions for polymer-peptide conjugates of the present 
invention. 

S. 

1. CH3(CH2)OH 
2. NaH 
3.1N NaOH 

J Z-(CHO), 

(OCH)OC-R 

1. CH3(CH2)(OCH)OH 
2. NaH 
3.1N NaOHP 

N 

S 

O 

(OCH)O-C-R 

1. NaH/Ø 
2. Br(CH2)COOR 
3. 1N NaOH 

M HOOC-(CH2)O(CHO) (OCH)2O(CH2)COOH 

0105. In the above reaction scheme involving species I, J 
and K, routes are demonstrated for modifying the hydrophi 
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licity/lipophilicity balance of the conjugating polymer. Ester 
groups in the conjugating polymer are Susceptible to 
hydrolysis by esterases, the conjugating polymer containing 
ester groups therefore may be modified to convert the ester 
groups to ether groups which are more hydrolysis-resistant 
in character. The reaction Scheme involving Land M Species 
illustrates the conversion of hydroxyl groups to carboxylate 
groups. In this respect, the carboxyl groups will provide 
carboxylate anion, which is a better Stabilizing functionality 
(forming ionic coordinated complexes) than hydroxyl, 
which does not form Such complexes. Other Suitable anion 
Source functional groups for the formation of coordinated 
ionic complexes involving the polymer Species of the 
present invention include Sulfate and phosphate groups. 

0106. In general, various techniques may be advanta 
geously employed to improve the Stability characteristics of 
the polymer-peptide conjugates of the present invention, 
including: the functionalization of the polymer with groups 
of Superior hydrolysis resistance, e.g., the previously illus 
trated conversion of ester groups to ether groups, modifying 
the lipophilic/hydrophilic balance of the conjugating poly 
mer, as appropriate to the peptide being Stabilized by the 
polymer; and tailoring the molecular weight of the polymer 
to the appropriate level for the molecular weight of the 
peptide being Stabilized by the polymer. 

0107 The unique property of polyalkylene glycol-de 
rived polymers of value for therapeutic applications of the 
present invention is general biocompatibility. The polymers 
have various water Solubility properties and are not toxic. 
They are non-antigenic, non-immunogenic and do not inter 
fere with biological activities of enzymes. They have long 
circulation in the blood and are easily excreted from living 
organisms. 

0108. The products of the present invention have been 
found useful in Sustaining the biological activity of peptides 
and may for example be prepared for therapeutic adminis 
tration by dissolving in water or acceptable liquid medium. 
Administration is by either the parenteral or oral route. Fine 
colloidal Suspensions may be prepared for parenteral admin 
istration to produce a depot effect, or by the oral route. 
0109. In the dry, lypophilized state, the peptide-polymer 
conjugates of the present invention have good Storage Sta 
bility; Solution formulations of the conjugates of the present 
invention are likewise characterized by good Storage Stabil 
ity. 

0110. The therapeutic polymer-peptide conjugates of the 
present invention may be utilized for the prophylaxis or 
treatment of any condition or disease State for which the 
peptide constituent is efficacious. 
0111. In addition, the polymer-peptide conjugates of the 
present invention may be utilized in diagnosis of constitu 
ents, conditions, or disease States in biological Systems or 
Specimens, as well as for diagnosis purposes in non-physi 
ological Systems. 

0112 Further, the polymer-peptide conjugates of the 
invention may have application in prophylaxis or treatment 
of condition(s) or disease State(s) in plant Systems. By way 
of example, the peptide component of the conjugate may 
have insecticidal, herbicidal, fungicidal, and/or pesticidal 
efficacy amenable to usage in various plant Systems. 
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0113 Still further, the peptide component of the conju 
gates of the present invention may be antibodies or alterna 
tively antigenic in character, for diagnostic, immunological, 
and/or assay purposes. 
0114. In therapeutic usage, the present invention contem 
plates a method of treating an animal Subject having or 
latently Susceptible to Such condition(s) or disease State(s) 
and in need of Such treatment, comprising administering to 
Such animal an effective amount of a polymer-peptide con 
jugate of the present invention which is therapeutically 
effective for Said condition or disease State. 

0115 Subjects to be treated by the polymer-peptide con 
jugates of the present invention include both human and 
non-human animal (e.g., bird, dog, cat, cow, horse) Subjects, 
and preferably are mammalian Subjects, and most preferably 
human Subjects. 
0116 Depending on the specific condition or disease state 
to be combated, animal Subjects may be administered poly 
mer-peptide conjugates of the invention at any Suitable 
therapeutically effective and Safe dosage, as may readily be 
determined within the skill of the art, and without undue 
experimentation. 

0117. In general, suitable doses of the formula (1) com 
pounds for achievement of therapeutic benefit, will be in the 
range of 1 microgram (ug) to 100 milligrams (mg) per 
kilogram body weight of the recipient per day, preferably in 
the range of 10 ug to 50 mg per kilogram body weight per 
day and most preferably in the range of 10 ug to 50 mg per 
kilogram body weight per day. The desired dose is prefer 
ably presented as two, three, four, five, Six, or more Sub 
doses administered at appropriate intervals throughout the 
day. These Sub-doses may be administered in unit dosage 
forms, for example, containing from 10 ug to 1000 mg, 
preferably from 50 lug to 500 mg, and most preferably from 
50 ug to 250 mg of active ingredient per unit dosage form. 
Alternatively, if the condition of the recipient So requires, the 
doses may be administered as a continuous infusion. 
0118. The mode of administration and dosage forms will 
of course affect the therapeutic amounts of the compounds 
which are desirable and efficacious for the given treatment 
application. 
0119 For example, orally administered dosages are typi 
cally at least twice, e.g., 2-10 times, the dosage levels used 
in parenteral administration methods, for the same active 
ingredient. 
0120) The polymer-peptide conjugates of the invention 
may be administered per Se as well as in the form of 
pharmaceutically acceptable esters, Salts, and other physi 
ologically functional derivatives thereof. 
0121 The present invention also contemplates pharma 
ceutical formulations, both for Veterinary and for human 
medical use, which comprise as the active agent one or more 
polymer-peptide conjugate(s) of the invention. 
0122). In Such pharmaceutical and medicament formula 
tions, the active agent preferably is utilized together with 
one or more pharmaceutically acceptable carrier(s) therefor 
and optionally any other therapeutic ingredients. The carri 
er(s) must be pharmaceutically acceptable in the Sense of 
being compatible with the other ingredients of the formu 
lation and not unduly deleterious to the recipient thereof. 
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The active agent is provided in an amount effective to 
achieve the desired pharmacological effect, as described 
above, and in a quantity appropriate to achieve the desired 
daily dose. 
0123 The formulations include those Suitable for 
parenteral as well as non-parenteral administration, and 
Specific administration modalities include oral, rectal, buc 
cal, topical, nasal, ophthalmic, Subcutaneous, intramuscular, 
intravenous, transdermal, intrathecal, intra-articular, intra 
arterial, Sub-arachnoid, bronchial, lymphatic, vaginal, and 
intra-uterine administration. Formulations Suitable for oral 
and parenteral administration are preferred. 
0.124. When the active agent is utilized in a formulation 
comprising a liquid Solution, the formulation advanta 
geously may be administered orally or parenterally. When 
the active agent is employed in a liquid Suspension formu 
lation or as a powder in a biocompatible carrier formulation, 
the formulation may be advantageously administered orally, 
rectally, or bronchially. 
0.125 When the active agent is utilized directly in the 
form of a powdered Solid, the active agent may advanta 
geously be administered orally. Alternatively, it may be 
administered bronchially, via nebulization of the powder in 
a carrier gas, to form a gaseous dispersion of the powder 
which is inspired by the patient from a breathing circuit 
comprising a Suitable nebulizer device. 
0.126 The formulations comprising the active agent of 
the present invention may conveniently be presented in unit 
dosage forms and may be prepared by any of the methods 
well known in the art of pharmacy. Such methods generally 
include the step of bringing the active compound(s) into 
asSociation with a carrier which constitutes one or more 
accessory ingredients. Typically, the formulations are pre 
pared by uniformly and intimately bringing the active com 
pound(s) into association with a liquid carrier, a finely 
divided Solid carrier, or both, and then, if necessary, Shaping 
the product into dosage forms of the desired formulation. 
0127. Formulations of the present invention Suitable for 
oral administration may be presented as discrete units Such 
as capsules, cachets, tablets, or lozenges, each containing a 
predetermined amount of the active ingredient as a powder 
or granules, or a Suspension in an aqueous liquor or a 
non-aqueous liquid, Such as a Syrup, an elixir, an emulsion, 
or a draught. 
0128. A tablet may be made by compression or molding, 
optionally with one or more accessory ingredients. Com 
pressed tablets may be prepared by compressing in a Suitable 
machine, with the active compound being in a free-flowing 
form Such as a powder or granules which optionally is mixed 
with a binder, disintegrant, lubricant, inert diluent, Surface 
active agent, or discharging agent. Molded tablets comprised 
of a mixture of the powdered active compound with a 
Suitable carrier may be made by molding in a Suitable 
machine. 

0129. A syrup may be made by adding the active com 
pound to a concentrated aqueous Solution of a Sugar, for 
example Sucrose, to which may also be added any accessory 
ingredient(s). Such accessory ingredient(s) may include 
flavorings, Suitable preservative, agents to retard crystalli 
Zation of the Sugar, and agents to increase the Solubility of 
any other ingredient, Such as a polyhydroxy alcohol, for 
example glycerol or Sorbitol. 
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0130 Formulations suitable for parenteral administration 
conveniently comprise a Sterile aqueous preparation of the 
active compound, which preferably is isotonic with the 
blood of the recipient (e.g., physiological Saline Solution). 
Such formulations may include Suspending agents and thick 
ening agents or other microparticulate Systems which are 
designed to target the compound to blood components or one 
or more organs. The formulations may be presented in 
unit-dose or multi-dose form. 

0131 Nasal spray formulations comprise purified acque 
ous Solutions of the active compounds with preservative 
agents and isotonic agents. Such formulations are preferably 
adjusted to a pH and isotonic State compatible with the nasal 
mucus membranes. 

0132) Formulations for rectal administration may be pre 
Sented as a Suppository with a Suitable carrier Such as cocoa 
butter, hydrogenated fats, or hydrogenated fatty carboxylic 
acid. 

0133) Ophthalmic formulations are prepared by a similar 
method to the nasal Spray, except that the pH and isotonic 
factors are preferably adjusted to match that of the eye. 
0134) Topical formulations comprise the active com 
pound dissolved or Suspended in one or more media, Such as 
mineral oil, petroleum, polyhydroxy alcohols, or other bases 
used for topical pharmaceutical formulations. 

0135) In addition to the aforementioned ingredients, the 
formulations of this invention may further include one or 
more accessory ingredient(s) selected from diluents, buffers, 
flavoring agents, disintegrants, Surface active agents, thick 
eners, lubricants, preservatives (including antioxidants), and 
the like. 

0136. In non-therapeutic applications of the present 
invention, the polymer-peptide conjugate may utilize a 
covalently bonded or alternatively non-covalent bonding 
relation between the peptide and polymer components. In 
addition, asSociatively related peptide and polymer compo 
nents may be utilized in administration of therapeutic pep 
tide agents, by appropriate administration methods Such as 
those illustratively described hereinabove in connection 
with illustratively discussion of covalently bonded polymer 
peptide conjugates of the invention. 
0.137 In such non-therapeutic, associatively related pep 
tide-polymer compositions, the peptide and polymer com 
ponents may be initially formulated together to provide an 
enhanced Stability and degradation resistance, alternatively, 
these components may for example be separate parts of a 
multipart composition which is mixed at time of use, and 
which in the absence of associative bonding between the 
polymer and peptide in the resulting mixture would be 
Susceptible to quick decay or other degradative modality. 
Regardless of the form of the associatively related peptide 
and polymer composition, the present invention contem 
plates a relational association which enhances. Some char 
acteristic or aspect of the peptide or otherwise enhances the 
utility of Same, relatively to the peptide component in the 
absence of Such asSociative polymer. 
0138 Accordingly, the present invention contemplates 
the provision of suitable polymers for in vitro stabilization 
of peptides in Solution, as a preferred illustrative application 
of non-therapeutic application. The polymers may be 
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employed for example to increase the thermal Stability and 
enzymic degradation resistance of the peptide. Enhancement 
of the thermal stability characteristic of the peptide via 
conjugation in the manner of the present invention provides 
a means of improving shelf life, room temperature Stability, 
and robustness of diagnostic and research reagents and kits, 
e.g., immunoassay kits. By way of Specific example, alka 
line phosphatase may be covalently or associatively coupled 
to a Suitable polymer in accordance with the invention, to 
impart Stability to Such phosphatase when used as a reagent 
in kits for colorimetric detection of antibody or antigen in 
biological fluids. 
0.139. The following Examples are provided to illustrate 
the present invention, and should not be construed as lim 
iting thereof. 

EXAMPLES 

0140 LCRF-amphiphilic polymer conjugate can be syn 
thesized and tested for CCK-releasing activity. The LCRF 
conjugate can then be evaluated for resistance to proteolysis. 
Physiological and behavioral effects can be confirmed by in 
Vivo animal Studies. 

0141 Synthesis of an LCRF Amphiphilic Polymer Con 
jugate. 
0142. By using amphiphilic oligomers or polymers of 
different size and chemical composition, the peptide conju 
gate absorption and partitioning properties can be altered. It 
is preferred that the polymers that will be coupled to the 
LCRF peptide must not interfere with receptor binding. The 
precise nature of the interaction between LCRF and its 
receptor is not known, but two observations concerning the 
interaction have been made: residues 11-25 are crucial for 
the interaction, and cleavage between residues 19 and 20 
destroys binding activity. Therefore, we will use a hydro 
lyzable linker at K19 to protect the peptide from trypsin 
proteolysis. 
0143. The conjugates of the invention have two compo 
nents (PEG and alkyl chain) that will endow the LCRF with 
two useful properties. First, using a large, branched oligomer 
at the N-terminus prevents uptake into the bloodstream from 
the gut. We will add a 5-10 kDa oligomer to the N-terminus 
for this purpose, Since molecules with a molecular weight of 
greater than kDa do not cross the gut wall into the blood 
Stream, but are retained in the lumen. (Parlesak, A., Bode, J. 
C., Bode, C. “Parallel Determination of Gut Permeability in 
Man with M(r) 400, M(r) 1500, M(r) 4000 and M(r) 10,000 
Polyethylene Glycol, Eur: J. Clin. Chem. & Clin. Biochem., 
32:813-820 (1994) (the disclosure of which is incorporated 
herein in its entirety). Second, the hydrophobic alkyl chain 
will be able to integrate into cell membranes of the gut 
epithelium, bringing the peptide in close proximity to its 
target receptor on the epithelial cell Surface. It is preferable 
to attach the PEG/alkyl conjugate at the N-terminus, far 
from residues implicated in receptor binding. 
0144) The first 35 residues of LCRF (the amino acid 
sequence of LCRF is STFWAYOPDGDNDPTDYQKYE 
HTSSPSQLLAPGDYPCVIEV (SEQ ID NO:1)) can be 
synthesized by Solid phase methods and obtained from 
commercial Suppliers. The LCRF conjugation techniques 
will follow three basic designs, summarized in FIG. 2. 
0145 LCRF contains two reactive amino groups that can 
be used for linking the conjugate -the amino terminus and a 
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lysine Sidechain. A first conjugate (Conjugate 1) can utilize 
a branched oligomer having a total average molecular 
weight of 4-10 kDa attached to the N-terminus of LCRF 
using a non-hydrolyzable linker. There are three key features 
of this conjugate. First, the oligomers at the N-terminus are 
positioned distal to the known receptor-binding domain of 
LCRF and are thus unlikely to impair its biological potency. 
Second, the branched oligomer on the N-terminus will 
provide Steric hindrance to aminopeptidases that would 
otherwise digest the peptide. Third, the branched oligomers 
provide both extreme water Solubility and greatly increased 
Size of the LCRF conjugate, which prevents passage of the 
peptide through the epithelial wall of the Small intestine. 

0146 Conjuate 2 can utilize the N-terminal conjugate 
described for Conjugate 1 and a Second, linear conjugate 
attached to the epsilon amino group of K19. This linear 
oligomer can be attached with a hydrolyzable bond So that, 
over time, the oligomer will be hydrolyzed off to permit the 
LCRF to bind its receptor. K19 is in the approximate center 
of the putative receptor-binding Sequence. The key features 
of Conjugate 2, in addition to those described for Conjugate 
1, are the addition of a hydrolyzable oligomer at K19 that 
will protect against trypsin hydrolysis. Second, the hydro 
ly Zable linkage of the oligomer should enable appropriate 
receptor binding. Third, the slow hydrolysis of the oligomer 
at K19 (expected T of 30-60 min) may provide an 
extended time of action of the LCRF. Design 3 will have a 
conjugate added at the C-terminus, N-terminus, and at K19. 
The C-terminal residue (tyrosine) is changed to lysine, thus 
providing a third site for conjugation. This mutation is not 
expected to alter receptor binding, as the binding domain is 
at least 10 residues from residue 35. The balance of 
amphiphilicity is achieved using three linear polymers 
instead of a branched oligomer. The addition of a hydrolyz 
able oligomer at the C-terminus will provide resistance to 
degradation by carboxypeptidases. The removal of all the 
oligomers by hydrolysis will regenerate the active LCRF for 
full biological activity. Hydrolysis (expected T of 
30-60min) of the oligomers may provide extended action of 
the LCRF. 

0147 The synthetic chemistry for LCRF conjugate syn 
thesis is shown in FIG. 3. Oligomeric carboxylic alkanols 
are activated with bromine and esterified. Oligomeric PEG 
is then coupled to the activated alkane oligomers. Coupling 
of the PEG/alkane carboxylic acid to the free amino group 
of the peptide, is achieved with N-hydroxySuccinamide in 
aqueous Solution at a pH where the amino group is nucleo 
philic. Previously Synthesized and purified oligomers are 
activated and coupled to LCRF in variable reaction condi 
tions that permit the attachment of oligomers at certain Sites 
(N-terminus, C-terminus or K19). A sequence of conjugation 
reactions and product purifications can also be used to 
achieve Specific conjugation patterns. Selectivity of the 
N-terminal amino group over the lysine Side chain will be 
achieved by choosing the pH of the reaction medium. 
Coupling to the N-terminus (pKa-8) is carried out at pH-9 
where the epsilon amino group (pKa ~10.6) is still proto 
nated. 

0148 By varying the relative length of the alkane (hydro 
phobic) and PEG (hydrophilic) components, the amphiphi 
licity and Solution Structure of the conjugate can be opti 
mized. 
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014.9 The reaction mixture is purified on a preparative 
HPLC column (C-18) with a solvent gradient system made 
of isopropanol/water (0.1% trifluoroacetic acid). The solvent 
is evaporated under reduced pressure and temperature below 
20° C. to give dry products. Purity of the product is analyzed 
by reverse phase HPLC and mass spectrometry. 
0150 Cell-based assays provide a rapid means of con 
firming the biological activity (e.g., the ability of the con 
jugates to elicit CCK release from CCK-releasing cells) of 
the LCRF conjugates. 
0151 Cell based assays can be used to compare the effect 
of treatment with our conjugates to treatment with vehicle. 
Native LCRF elicits about a 300% increase in CCK Secre 
tion. Our objective is to elicit at least a 200% increase in 
CCK Secretion with our conjugates. Six assays per experi 
ment are expected to provide Statistically significant results. 
0152 Native CCK Cells can be prepared as follows: 
Intestinal mucosal cells are prepared from 200-225 g male 
and female Sprague-Dawley rats. After Sacrifice, the proxi 
mal 10 cm of Small intestine, beginning 2 cm distal to the 
pylorus, are quickly removed and immediately placed in 
Saline and washed. The intestine is cut into short lengths, 
everted, and placed in phosphate buffered saline (PBS). The 
mucosal Surface is rinsed twice with PBS and placed in 
trypsin-free dissociation media at 37 C. with gentle agita 
tion for 2 minutes. The Solution is removed and replaced 
with fresh dissociation media and incubated for 10 more 
minutes with gentle agitation. The remaining Suspension is 
filtered (450 um) and the effluent centrifuged (1000 rpm, 3 
minutes). The pellet is resuspended in Hank's balanced Salt 
solution with HEPES (10 mM; pH 7.4)(HHBSS) and cen 
trifuged as above. The pellet is resuspended in 5 ml HHBSS 
and divided into aliquots for testing. 
0153 Activity of conjugates can be confirmed as follows: 
CCK cells are incubated with test compounds (or vehicle) 
for between 5 and 40 minutes. The incubation is stopped by 
placing the cells on ice, centrifuging the cells, and removing 
Supernatant. For conjugates containing hydrolyzable linkers, 
incubations will be stopped at 5, 10, 15, 20, 30 and 40 
minutes. For conjugates without a hydrolyzable linker, only 
one time point (15 minutes) need be used. Supernatant is 
used for the RIA measurement of CCK described below. 50 
All of the Supernatant is assayed by HPLC and MALDI-TOF 
mass Spectrometry to measure the amounts of LCRF con 
jugates remaining. 

0154) A radioimmunoassay (RIA) can be used for mea 
suring CCK secretion. (Mangel, A. W., Prpic, V., Wong, H., 
et al. “Phenylalanine-stimulated Secretion of Cholecystoki 
nin is Calcium Dependent, A. J. Physiol., 268: G90-94 
(1995) (the disclosure of which is incorporated herein in its 
entirety)). Secretion is measured from CCK-releasing cells 
plated in 24-well microtitre plates. Cells are incubated at 37 
C. and washed with HHBSS containing HEPES (10 mM, pH 
7.4). 0.5 ml of buffer is added with or without test agents to 
cells for times ranging from 5 to 40 minutes. 350 ul are 
removed, centrifuged and placed on ice or frozen. 300 ul of 
the sample will be used for the RIA. The RIA is performed 
in PBS containing HEPES (10 mM, pH 7.5), 0.1% gamma 
globulin, with 0.01% NaN, 50ll of sample are added to 200 
ul of the RIA buffer and 100 ul of a 1:80,000 dilution of a 
rabbit CCK antibody (OAL-656). 100 ul of ''I-CCK-8 
(3,000-4,000 cpm) are then added to the tubes at 4 C. for 
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12 hours. Samples are treated with goat anti-rabbit IgG 
Sepharose CL4B beads for one hour with gentle agitation. 
The Sepharose beads are then pelleted by brief centrifugation 
and the pellet is aspirated. The pellet is re-Suspended in 0.5 
ml of HEPES buffered saline, and the beads are pelleted 
once again. Then the beads are removed and washed, and the 
pellet is counted on a gamma counter for 5 minutes. Uncon 
jugated LCRF causes about a 300% increase in CCK secre 
tion from native CCK and STC-1 cells, and will be used as 
a positive control for cell assayS. 
O155 In the case of test compounds with hydrolyzable 
conjugates, CCK release (RIA) can be correlated with 
conjugate hydrolysis (HPLC-MS). 
0156 The precise nature of the conjugate can be opti 
mized to provide desired properties. The N- and C-terminal 
conjugation approach will be tested to See whether N- or 
C-terminal conjugation, or both, provides the best protection 
and biological activity. 
0157. When LCRF is infused into the duodenum of rats, 
a biphasic dose-response curve of pancreatic protein output 
is observed, with higher doses of LCRF leading to decreased 
pancreatic protein output. Suitable conjugate concentrations 
can be determined by those of skill in the art in view of the 
instant disclosure and may range from 1 to 1000 nM. 
0158 CCK secretion is thought to be regulated by nega 
tive feedback inhibition. LCRF is produced constitutively in 
the duodenum in rats, and in response to nutrients in 
humans. When food is absent, LCRF is degraded by pro 
teases in the duodenum. Since duodenal infusion of trypsin 
inhibitors is sufficient to cause an increase in CCK release in 
rats, we propose that protection from trypsin cleavage will 
be sufficient to protect the LCRF conjugate from proteolytic 
digestion. (Green, G. M., Taguchi, S., Friestman, J., Chey, 
W.Y., Liddle, R. A. “Plasma Secretin, CCK, and Pancreatic 
Secretion in Response to Dietary Fat in the Rat, Am. J. 
Physiol., 256: G1016-1021 (1989)). We have used our con 
jugation technique Successfully to protect calcitonin and 
insulin from proteolysis. 
0159. The stability of conjugated LCRF in intestinal 
environments can be determined by examining the Stability 
of the peptides to the proteolytic enzymes trypsin, pancreatic 
elastase, and chymotrypsin over 40 minutes, a typical gut 
transition time. Conjugated LCRF Solutions are incubated at 
37° C. (0.1% Tween 20 w/v), 10 mMNaHPO, pH 7.4) and 
proteases are added. Tween (0.1%) will be added to solu 
bilize the peptides if required. The proteolysis is Stopped by 
adjusting pH to 2-3. The resultant Samples are Separated by 
HPLC using a 5 lum, C-18 column; and eluted for 25 minutes 
at 0.5 ml/min with a linear gradient of 90% H2O/0.1% 
trifluoroacetic acid and 10% 2-propanol increasing to 60% 
2-propanol. 
0160 The stability of conjugated LCRF in stomach can 
be determined by examining the Stability of the peptides to 

SEQUENCE LISTING 

<160> NUMBER OF SEQ ID NOS : 1 

<210> SEQ ID NO 1 
<211& LENGTH: 41 
&212> TYPE PRT 
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pepsin. Pepsin degradation of conjugated LCRF is deter 
mined in simulated gastric fluid (33 mM NaCl, pH 1.2). 
Peptide solutions are incubated at 37 C. and pepsin is 
added. Proteolysis is stopped by raising pH to 7.0–7.5. 
0.161 HPLC can be used to monitor the proteolysis. Area 
under absorbance peaks (280 nm) is integrated to follow the 
rate of proteolysis over time. Decrease in the integrated area 
of the peak arising from the uncleaved LCRF conjugate will 
be used to monitor the rate of hydrolysis. HPLC separation 
will be done as described above in Specific Aim 1 for 
conjugated LCRF purification. 
0162 Chymotryptic cleavage sites exists at residues Y17 
and Y20. If chymotrypsin rapidly cleaves the peptide, we 
will add a protecting PEG group to the tyrosine hydroxyl 
group with a linkage that slowly hydrolyses at pH 7.4. 
Elastase cleavage sites exist at residues 5, 10, 29, 30 and 31. 
These residues are outside the region (11-25) identified as 
crucial for receptor binding. If required, protection from 
gastric fluid will be provided by enteric coating, a well 
established technology in the pharmaceutical industry. 
0163. In a preferred aspect of the invention, the conju 
gates provide an increase over basal Secretion of at least 
200% in CCK release upon treatment with conjugated 
LCRF, as measured by RIA. Native LCRF causes about a 
300% increase in CCKSecretion from native CCK cells and 
will be used as a positive control for these Studies. 
0.164 Moreover, it is preferred that the conjugates expe 
rience less than 70% proteolysis of the LCRF conjugate, 
upon exposure to Serine proteases (pH 7.4) for 40 minutes. 
It is also preferred that the conjugates experience less than 
10% proteolysis of the enteric-coated LCRF conjugate, upon 
exposure to simulated gastric fluid for 40 minutes. 
0.165 Those of skill in the art can, with the aid of the 
present disclosure, confirm the physiological and behavioral 
consequences related to feeding and obesity in animal 
models and human Subjects. 
0166 Rat intestine is used as the source of tissue for 
purification of mucosal CCK cells. Rats are sacrificed for the 
Sole purpose of collecting intestinal tissue. Following Sac 
rifice, the intestine is Surgically removed and washed and 
intestinal cells are prepared by collagenase and EDTA 
dispersion. Male and female Sprague-Dawley rats, 2.5-3 
months old weighing 250-300 g will be the source of the 
CCK cells. Approximately 48 rats will be required for the 
proposed Study to yield meaningful results. Considerable 
work has been done on the regulation of CCK Secretion in 
rats. Each rat should provide enough CCK cells for one 
experiment. Rats are Sacrificed for the collection of intestinal 
tissue. The method of euthanasia is preferably CO narcosis, 
for which rats are placed into an air-tight cage containing 
CO. This method is consistent with the recommendations of 
the Panel on Euthanasia of the American Veterinary Medical 
ASSociation. 
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-continued 

<213> ORGANISM: Homo sapiens 

<400 SEQUENCE: 1 

Ser Thr Phe Trp Ala Tyr Glin Pro Asp Gly Asp Asn Asp Pro Thr Asp 
1 5 10 15 

Tyr Glin Lys Tyr Glu His Thr Ser Ser Pro Ser Gln Leu Leu Ala Pro 
2O 25 

Gly Asp Tyr Pro Cys Val Ile Glu Val 
35 40 

1. A method of providing release of cholecystokinin in a 
Subject, comprising administering to the Subject an effective 
amount of a luminal cholecystokinin releasing factor 
polypeptide comprising 

i) a lysine residue, 
ii) an oligomeric moiety attached to the N-terminus of the 

luminal cholecystokinin releasing factor polypeptide; 
and 

iii) an oligomeric moiety attached to the lysine residue, 
whereby upon administration to the Subject, Said com 

pound integrates into a cell membrane of the gut 
epithelium of the subject wherein the luminal chole 
cystokinin releasing factor polypeptide binds with a 
target receptor on the Surface of an epithelial cell, 
thereby providing release of cholecystokinin. 

2. The method of claim 1, wherein the oligomeric moiety 
attached to the N-terminus of the luminal cholecystokinin 
releasing factor peptide is a branched oligomeric moiety. 

3. The method of claim 2, wherein the branched oligo 
meric moiety has the following formula: 

Me(OCH2CH2).O 
where n is from 3 to 230 and m is from 0 to 20. 

4. The method of claim 2, wherein the branched oligo 
meric moiety has the following formula: 

where n is from 3 to 230 and m is from 0 to 20 and X is 
Selected from the group consisting of N, O or S. 

5. The method of claim 2, wherein the branched oligo 
meric moiety has a total average molecular weight of 4,000 
to 10,000 Daltons. 

6. The method of claim 1, wherein the oligomeric moiety 
is attached to the N-terminus using a hydrolyzable linker. 

7. The method of claim 2, wherein the branched oligo 
meric moiety is attached to the N-terminus using a non 
hydrolyzable linker. 

8. The method of claim 1, wherein the oligomeric moiety 
attached to the N-terminus of the luminal cholecystokinin 
releasing factor polypeptide has a total average molecular 
weight of 4,000 to 10,000 Daltons. 

9. The method of claim 1, wherein the oligomeric moiety 
is attached to the lysine residue using a hydrolyzable bond. 

10. The method of claim 1, wherein the oligomeric moiety 
attached to the lysine residue is a linear oligomeric moiety. 

11. The method of claim 10, wherein the linear oligomeric 
moiety is attached to the lysine residue using a hydrolyzable 
bond. 

12. The method of claim 1, further comprising a lysine 
residue at the C-terminus of the luminal cholecystokinin 
releasing factor polypeptide. 

13. The method of claim 12, further comprising a linear 
oligomeric moiety attached to the lysine residue at the 
C-terminus of the luminal cholecystokinin releasing factor 
polypeptide. 

14. A method of treating obesity in a Subject comprising 
administering to the Subject an effective amount of a luminal 
cholecystokinin releasing factor polypeptide comprising 

i) a lysine residue, 
ii) an oligomeric moiety attached to the N-terminus of the 

luminal cholecystokinin releasing factor polypeptide; 
and 

iii) an oligomeric moiety attached to the lysine residue. 
15. The method of claim 14, wherein the oligomeric 

moiety attached to the N-terminus of the luminal cholecys 
tokinin releasing factor peptide is a branched oligomeric 
moiety. 

16. The method of claim 15, wherein the branched oli 
gomeric moiety has the following formula: 

where n is from 3 to 230 and m is from 0 to 20. 

17. The method of claim 15, wherein the branched oli 
gomeric moiety has the following formula: 

where n is from 3 to 230 and m is from 0 to 20 and X is 
Selected from the group consisting of N, O or S. 
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18. The method of claim 15, wherein the branched oli 
gomeric moiety has a total average molecular weight of 
4,000 to 10,000 Daltons. 

19. The method of claim 14, wherein the oligomeric 
moiety is attached to the N-terminus using a hydrolyzable 
linker. 

20. The method of claim 15, wherein the branched oli 
gomeric moiety is attached to the N-terminus using a 
non-hydrolyzable linker. 

21. The method of claim 14, wherein the oligomeric 
moiety attached to the N-terminus of the luminal cholecys 
tokinin releasing factor polypeptide has a total average 
molecular weight of 4,000 to 10,000 Daltons. 

22. The method of claim 14, wherein the oligomeric 
moiety is attached to the lysine residue using a hydrolyzable 
bond. 

23. The method of claim 14, wherein the oligomeric 
moiety attached to the lysine residue is a linear oligomeric 
moiety. 

24. The method of claim 23, wherein the linear oligomeric 
moiety is attached to the lysine residue using a hydrolyzable 
bond. 

25. The method of claim 14, further comprising a lysine 
residue at the C-terminus of the luminal cholecystokinin 
releasing factor polypeptide. 

26. The method of claim 25, further comprising a linear 
oligomeric moiety attached to the lysine residue at the 
C-terminus of the luminal cholecystokinin releasing factor 
polypeptide. 

27. A method of providing release of cholecystokinin in a 
Subject, comprising administering to the Subject an effective 
amount of a luminal cholecystokinin releasing factor 
polypeptide comprising 

i) a first lysine residue, 
ii) a Second lysine residue at the C-terminus of the luminal 

cholecystokinin releasing factor polypeptide; 

iii) a branched oligomeric moiety attached to the N-ter 
minus of the luminal cholecystokinin releasing factor 
polypeptide using a non-hydrolyzable linker; 

iv) a linear oligomeric moiety attached to the first lysine 
residue of the luminal cholecystokinin releasing factor 
polypeptide using a hydrolyzable bond; and 

V) a linear oligomeric moiety attached to the Second lysine 
residue at the C-terminus of the luminal cholecystoki 
nin releasing factor polypeptide, 

whereby, upon administration to the Subject, Said com 
pound integrates into a cell membrane of the gut 
epithelium of the subject wherein the luminal chole 
cystokinin releasing factor polypeptide binds with a 
target receptor on the epithelial cell Surface, thereby 
providing release of cholecystokinin. 

28. The method of claim 27, wherein the branched oli 
gomeric moiety has the following formula: 

where n is from 3 to 230 and m is from 0 to 20. 
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29. The method of claim 27, wherein the branched oli 
gomeric moiety has the following formula: 

where n is from 3 to 230 and m is from 0 to 20 and X is 
Selected from the group consisting of N, O or S. 

30. The method of claim 27, wherein the branched oli 
gomeric moiety has a total average molecular weight of 
4,000 to 10,000 Daltons. 

31. A method of treating obesity in a Subject, comprising 
administering to the Subject an effective amount of a luminal 
cholecystokinin releasing factor polypeptide comprising 

i) a first lysine residue, 
ii) a Second lysine residue at the C-terminus of the luminal 

cholecystokinin releasing factor polypeptide; 

iii) a branched oligomeric moiety attached to the N-ter 
minus of the luminal cholecystokinin releasing factor 
polypeptide using a non-hydrolyzable linker; 

iv) a linear oligomeric moiety attached to the first lysine 
residue of the luminal cholecystokinin releasing factor 
polypeptide using a hydrolyzable bond; and 

V) a linear oligomeric moiety attached to the Second lysine 
residue at the C-terminus of the luminal cholecystoki 
nin releasing factor polypeptide. 

32. The method of claim 31, wherein the branched oli 
gomeric moiety has the following formula: 

where n is from 3 to 230 and m is from 0 to 20. 

33. The method of claim 31, wherein the branched oli 
gomeric moiety has the following formula: 

where n is from 3 to 230 and m is from 0 to 20 and X is 
Selected from the group consisting of N, O or S. 

34. The method of claim 31, wherein the branched oli 
gomeric moiety has a total average molecular weight of 
4,000 to 10,000 Daltons. 

35. A method of treating obesity in a Subject comprising 
administering to the Subject an effective amount of a com 
pound Selected from the group consisting of: 

a) A compound of the formula: 

where n is from 3 to 230 and m is from 0 to 20; 
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b) A compound of the formula: d) A compound of the formula: 

-Profa 

Me(OCH2CH2).X Mochristchurcini Protein 
Me(OCH2CH2).X 

where n is from 3 to 230 and m is from 0 to 20 and X 
is Selected from the group consisting of N, O or S, 

c) A compound of the formula: where n is from 3 to 230 and m is from 0 to 20 and X 
is Selected from the group consisting of N, O or S, 

Me(OCH2CH2)OCH2(CH2)CHCHNH-Protein and any combination thereof. 

where n is from 3 to 230 and m is from 0 to 20; and k . . . . 


