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A. Introduction

In this project, we are developing an innovative approach to the use of a natural
polysaccharide biopolymer, hyaluronic acid (HA), to solubilize, stabilize, and achieve
targeted intracellular delivery of anti-cancer agents to tumors and metastases. The coupling
of an anti-tumor agent to HA gives a soluble, tumor-targeted drug conjugate. HA receptors
are over-expressed on a variety of aggressively growing cancers, and in many cell-types,
correlate with increased metastatic potential and with rate of HA uptake and degradation.
The use of HA receptor-mediated uptake of a cytotoxic agent to cancerous and invasive cells
represents a significant innovation in cell-specific drug targeting, as all commonly-used
anti-cancer drugs (e.g., anti-metabolites and DNA-targeted agents) and adjuvant techniques
(e.g., radiation therapy) have inadequate specificity for cancerous lesions. Our efforts in the
first year have focused on the hydrophobic anti-tumor drug Taxol. Our HA-Taxol adduct
has the following properties: (i) increased water solubility of inherently hydrophobic drugs;
(ii) increased stability and longer plateau phase for drug release; (i) enhanced target
specificity for transformed and metastatic cells; and (iv) increased uptake and liberation of
drug in the target tumor cells. Furthermore, the bioconjugates are prepared under mild,
aqueous conditions that preserve the molecular size range and structural integrity of HA,

a water-soluble and immunoinert, biocompatible, and bioerodable carrier.

B. Body

This section describes research accomplishments associated with the specific tasks outlined
in the original IDEA award application.

Task 1. Synthesize HA-anti-tumor drug bioconjugates with four anti-cancer drugs (brefeldin A,
taxol, geldanamycin, and camptothecin)

We synthesized and chemically characterized hemisuccinate active ester forms of
brefeldin A and taxol. Preparations of chemically-modified geldanamycin, and
9-aminocamptothecin were postponed pending results with the first two drugs.

We also prepared hydrazide-functionalized, low molecular weight HA (HA-ADH) with
low, medium, and high adipic hydrazide (ADH) loadings, and we employed each of
these to make bioconjugates of HA-drug with two or three drug loadings. The purity
and molecular size of drug bioconjugates was established by GPC and drug loading
was evaluated by UV. (See appendix material for a preprint of this work.) In addition,
we synthesized and purified fluorescently-labeled HA with three fluorophores at each
of three molecular sizes (12 , 200, and 1,200 kDa), as well as a doubly-labeled
HA-Taxol-FITC molecule for simultaneous monitoring of selective cellular uptake and
toxicity.

Task 2. Establish analytical methods to monitor enzymatic release of drugs from
bioconjugates and quantify metabolites in cell cultures

We conducted in vitro tests with commercial esterase and hyaluronidase (HAse)

and developed a robust HPLC assay for the quantification of Taxol release.

No other Taxol-containing materials (except free Taxol drug) were released from the
HA-Taxol bioconjugates. We also investigated the release rates of Taxol from the
optimal HA-Taxol preparation using cell culture media (with and without cells) and
human serum.
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Task 3. Determine efficacy of HA-AT (vs. free AT drugs) in cultured breast cancer and
other cell-lines in vitro

We obtained and cultured a number of cell-lines: MDA-MB-231, MCF-7, and
HBL-100 human breast epithelial cells; HL-60 human leukemia cells,; SK-OV-3
human ovarian cancer cells; HCT-116 human colon cancer cells, and NIH 3T3
mouse fibroblast cells. Optimal HA modification levels and drug loading were
established. Extensive studies of dose-response and selective cytotoxicity were
performed (see preprint in appendix material) with HA-Taxol, and uptake studies
were performed with HA-BODIPY. The uptake of HA-Taxol or HA-BODIPY into
cells was blocked by pre-incubation of cells with HA, but not with chondroitin
sulfate. A similar result was obtained by flow cytometry using HA-Taxol-FITC.

Task 4. Measure efficacy of bioconjugates (vs. free drugs) using human breast cancer
epithelial cell tumor xenografts in nude mice

Protocols to accomplish this task using our optimized HA-Taxol preparation are
now being finalized for experiments to be conducted in September-October 1999.

Task 5. Initiate planning for Phase I safety testing of one or two optimal HA bioconjugates
in terminal diagnosis human patients with drug- and radiation-refractory metastasis

Preparation of a single high-purity batch of HA-ADH labeled with 1251 will provide
a preliminary test for safety and localization of HA in human patients pretreated (or
not pretreated) with chondroitin sulfate (i.v. or oral). During the next six months,
we will be preparing application materials for permission to conduct human trials.
In parallel, we will be conducting safety and toxicity trials with rodents and larger
animals. Scale-up sterile synthesis of selected HA bioconjugates for human trials
would occur following these initial safety trials.

C. Key Research Accomplishments

This section provides a bulleted list of key accomplishments, both those within the initial
objectives and tasks and those that arose as promising leads during the pursuit of the
originally outlined tasks.

1. Accomplishments based on original tasks

¢ Eight HA-Taxol preparations were synthesized, purified, and chemically
characterized.

» HA-Taxol preparations were evaluated for selective cytotoxicity in six cell-lines.

*  Fluorescent HA and fluorescent HA-Taxol were prepared and characterized.

* Cell binding and uptake of fluorescent HA and HA-Taxol was measured by
confocal microscopy and flow cytometry.

* Release of Taxol from HA-Taxol in cell cultures was determined by HPLC.

* Protocols were established for in vivo testing of HA-taxol in nude mice with
xenografted human tumors.

* Brefeldin A was chemically modified as a prodrug for chemical attachment to HA.
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2. Accomplishments ancillary to original tasks but leading to a greater understanding of the
mechanism of uptake and to novel drug leads

» The transforming HA receptor RHAMM was expressed in recombinant form and
with 13C, 15N labels for structural biological studies using high resolution 2-D and
3-D NMR methods.

» Rapid and novel HA-binding assays were established.

 Peptide libraries (phage-display and beads) were prepared and screened for peptides
that mimic HA and bind to RHAMM.

¢ Peptide leads were synthesized, fluorescently-tagged or biotinylated, and biophysical
and functional studies of these peptides were initiated.

D. Reportable Outcomes
1. Publications

Y. Luo and G.D. Prestwich, "Synthesis and Cytotoxicity of Hyaluronan-Taxol Antitumor
Bioconjugates," Bioconjugate Chem., in press (1999).

G.D. Prestwich, Y. Luo, M.R. Ziebell, K.P. Vercruysse, K.R. Kirker, and J.S.
MacMaster, "Chemically-Modified Hyaluronan: New Biomaterials and Probes for Cell
Biology," in New Frontiers in Medical Sciences: Redefining Hyaluronan Padua, Italy
(G. Abatangelo, ed.) Elsevier Science, in press (2000).

S. Zhang, W.F. Cheung, J. Lu, M.R. Ziebell, S.A. Turley, R. Harrison, D. Zylka, N. Ahn,
D. Litchfield, G.D. Prestwich, T. Cruz, and E.A. Turley, " Intracellular RHAMM
Isoforms Bind Directly to erkl and These Interactions are Required for Transformation
and for Podosome Formation via the erk Kinase Pathway," Molec. Cell. Biol.,

submitted (1999).

2. Patents, licenses and disclosures

G.D. Prestwich, Y. Luo, K.P. Vercruysse, "Method for Preparing and Isolating High-
Purity Bioconjugates of Hyaluronic Acid," UUtah disclosure filed March 10, 1998.

G.D. Prestwich, "Discovery of Peptides That Mimic Hyaluronic Acid,” US Provisional
Patent Application No. 60/091,758 filed july 6, 1998. Full filing, July 3, 1999.

3. Degrees.

Michael R. Ziebell, Physiology & Biophysics, The University at Stony Brook,
Stony Brook, New York, PhD expected December 1999

4. Leveraged funding.

The chemical modification technology developed was employed in several on-campus
applications which were supported. These include preparation of HA hydrogel films for
drug release and wound healing and the development of HA-modified particles for
binding cancer cells and discovery of novel HA binding proteins. Other on-campus
support was obtained to search for inhibitors of hyaluronidase, an HA-degrading enzyme
important in the metastatic spread of cancer cells. In addition, our chemically-modified
HA was a prominent part of an application for an NIH consortium project in tissue for
developing HA substitutes to treat vocal insufficiency. Such prosthetic applications could
be valuable in management of mastectomy or laryngectomy patients.
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E. Conclusions

Our results to-date provide an exciting and promising method in the development of a new drug
delivery system, and in basic research to identify new drug targets and mechanisms. First, we have
successfully demonstrated that HA-Taxol prodrugs are selective and soluble cytotoxic agents against
cancer cells, and that their mode of action requires HA receptor mediated uptake by target cells. We
expect that in vivo experiments in the next year will demonstrate safety and selective toxicity. Second,
we have obtained important new knowledge about the structure of RHAMM-HA complexes, and we
have identified two kinds of polypeptides that selectively interfere with HA-RHAMM interactions and
also affect the ability of RHAMM to cause cell transformation.

F. References

Literature references may be found in the preprints included as appendix materials.

G. Appendices

1. Biosketches of PI and research scientists
Glenn D. Prestwich
Koen P. Vercruysse
YiLuo
Michael R. Ziebell

2. G.D. Prestwich, "Discovery of Peptides That Mimic Hyaluronic Acid"
US Provisional Patent Application No. 60/091,758 filed july 6, 1998.
Full filing, July 3, 1999.

3. Y. Luo and G.D. Prestwich, "Synthesis and Cytotoxicity of Hyaluronan-Taxol Antitumor
Bioconjugates," Bioconjugate Chem., in press (1999).

4. G.D. Prestwich, Y. Luo, M.R. Ziebell, K.P. Vercruysse, K.R. Kirker, and J.S. MacMaster,
"Chemically-Modified Hyaluronan: New Biomaterials and Probes for Cell Biology,"
in New Frontiers in Medical Sciences: Redefining Hyaluronan Padua, Italy
(G. Abatangelo, ed.) Elsevier Science, in press (2000).
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Wave of PI 3-Kinase Activity, and Only the Late Wave is Required for Progression Through G1," Curr.
Biol., 9, 512-521 (1999).

S. Zhang, W.F. Cheung, J. Lu, M.R. Ziebell, S.A. Turley, R. Harrison, D. Zylka, N. Ahn, D. Litchfield,

G.D. Prestwich, T. Cruz, and E.A. Turley, " Intracellular RHAMM Isoforms Bind Directly to erkl and

These Interactions are Required for Transformation,fzand for Podosome Formation via the erk Kinase

Pathway," Molec. Cell. Biol., submitted (1999). .
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NAME POSITION TITLE
KOEN P. VERCRUYSSE Research Assistant Professor
EDUCATION/TRAINING
INSTITUTION AND LOCATION (ifgﬁggsse) YEAR(s) FIELD OF STUDY
University of Ghent, Belgium B.Sc. 1990 | Pharmaceutical Sciences
University of Ghent, Belgium Ph.D. 1995 | Pharmaceutical Sciences

Research and Professional Experience

1991: Lab of Galenic Development, Lilly Services S.A., Mont-Saint-Guibert, Belgium
1991-1995: Lab of General Biochemistry and Physical Pharmacy, University of Ghent, Belgium
1995-1996: Postdoctoral Research Associate, Department of Chemistry, SUNY at Stony Brook, Stony Brook, NY
1996-1998: Postdoctoral Research Associate, Department of Medicinal Chemistry,
University of Utah, Salt Lake City, Utah.
July 1998-Current: Research Assistant Professor, Department of Medicinal Chemistry,
University of Utah, Salt Lake City, Utah.

Publications

Dekeyser, P.M; De Smedt, S.; Vercruysse, K.; Demeester, J.; Lauwers, A. "High-performance size-exclusion
chromatography of proteoglycans extracted from bovine articular cartilage” Anal. Chim. Acta, 1993, 279,
123-127.

Vercruysse, K.P.; Lauwers, A.R.; Demeester, J.M. "Kinetic investigation of the degradation of hyaluronan by
hyaluronidase using gelpermeation chromatography" J. Chrom. B: Biomed. Appl., 1994, 656, 179-190.

Vercruysse, K.P.; Lauwers, A.R.; Demeester, J.M. "Absolute and empirical determination of the enzymatic activity
and kinetic investigation of the action of hyaluronidase on hyaluronan using viscosimetry" Biochem. J., 1995,
306, 153-160.

Vercruysse, K.P.; Lauwers, A.R.; Demeester, J.M. "Kinetic investigation of the action of hyaluronidase on
hyaluronan using the Morgan-Elson and neocuproine assay" Biochem. J., 1995, 310, 55-59.

Demeester, J.; Vercruysse, K.P.; "Hyaluronidase" in "Pharmaceutical Enzymes" (Lauwers, A.; Scharpe, S.; editors),
1997, pp 155-186, Marcel Dekker, Inc., New York.

Vercruysse, K.P.; Marecak, D.M.; Marecek, J.F.; Prestwich, G.D. "Synthesis and in vitro degradation of new
polyvalent hydrazide cross-linked hydrogels of hyaluronic acid" Bioconjugate Chem. , 1997, 8, 686-694.

Van Eeckhout, N., Vercruysse, K., Lauwers, A., and Demeester, "Investigation of the activation of hyaluronidase
by CaCl, using viscosimetry and gel-permeation chromatography”, Archives of Physiology and Biochemistry,
1997, 105, p133.

Prestwich, G.D.; Marecak, D.M.; Marecek, J.F.; Vercruysse, K.P.; Ziebell, M.R. "Chemical modification of
hyaluronic acid for drug delivery, biomaterials, and biochemical probes" Wenner-Gren Foundation
International Symposium : The chemistry, biology, and medical applications of hyaluronan and its derivatives,
1998, 72, pp 43-65.

Prestwich, G.D.; Marecak, D.M.; Marecek, J.F.; Vercruysse, K.P.; Ziebell, M.R. "Controlled chemical modification
of hyaluronic acid: synthesis, applications, and biodegradation of hydrazide derivatives" J. Controlled Rel ,
1998, 53, 93-103.

Prestwich, G.D. and Vercruysse, K.P. "Therapeutic applications of hyaluronic acid and hyaluronan derivatives",
Pharm. Sci. & Tech. Today, 1998, 1,42-43.

Vercruysse, K.P. and Prestwich, G.D.; "Hyaluronate derivatives in drug delivery"; Crit. Rev. Therap. Drug Car.
Syst.; 1998, 15, pp.513-555.

Mitchell, M.; Vercruysse, K.; Kirker, K.; Frish, R.; Marecak, D.; Prestwich, G.; Pitt, W. “Hyaluronic acid-modified
polypropylene, polystyrene, and polytetrafluoroethylene”; Biomaterials, 1999 (in press).

Vercruysse, K.P.; Ziebell, M.R. and Prestwich, G.D. "Control of enzymatic digestion of hyaluronan by divalent
cations" Carbohydrate. Res, 1999 (in press).

Grants awarded

May 1998 : University of Utah Faculty Research and Creative Grant for "Hyaluronan-fluorescent probe conjugate
with quenched fluorescence as substrate for hyaluronidase"

September 1998 : University of Utah Research Foundation Funding Incentive Seed Grant Program for
"Development of New, Selective Inhibitors of Hyaluronidase" with Glenn D. Prestwich
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INAME POSITION TITLE
YILUO Postdoctoral Research Associate
EDUCATION/TRAINING (Begin with baccalaureate or other initial professional education, such as nursing, and include postdoctoral training.)
INSTITUTION AND LOCATION DEGREE YEAR(s) FIELD OF STUDY
Nanjing University, Nanjing, PR China BSc 1989 Organic Synthesis
Wuhan University, Wuhan, PR China MSc 1991 Organic Synthesis
Wuhan University, Wuhan, PR China Ph.D. 1994 Bioactive Polymers

Research Experience

1994-1996: Postdoctoral Researcher, Department of Chemistry, Beijing University, Beijing,
People's Republic of China

1996-1997: Researcher, National Institute of Health Sciences, Tokyo, Japan

1997- current: Postdoctoral Research Associate, Medicinal Chemistry, The University of Utah

Publications: (from a total of 22)

Y. Luo, R.X. Zhou, and C.L. Fan, "Studies on the Magnetic Resonance Contrast Agents: Synthesis and
Spin-Lattice Relaxivity of Amino Acids and Oligopeptidyl Derivatives of Gd-DTPA," Chin. Chem.
Lett., 6, 377 (1995).

Y. Luo, R.X. Zhou, and C.L. Fan, "Study on Synthesis of Crosslinking Polyphosphate and Sustained
Release of Levonorgestrel," Chin. J. Syn. Chem., 3,271 (1995).

Y. Luo, R.X. Zhou, and C.L. Fan, "Studies on the Synthesis and Relaxivity of Amino Acids and
Oligopeptides of Gd-DTPA Derivatives," Chem. J. Chinese Univ., 16, 1476 (1995).

Y. Luo, R.X. Zhou, and C.L. Fan, "Studies on Water-soluble Metalloporphyrins as Tumor Targeting
Magnetic Resonance Imaging Contrast Agents,” Chem. J. Chinese Univ., 16, 1629 (1995).

Y. Luo, R.X. Zhou, and C.L. Fan, "Synthesis of Crosslinked Polyphosphates and Drug Release," Chem. J.
Chinese Univ., 16, 1633 (1995).

Y. Luo, R.X. Zhou, and C.L. Fan, "Sustained Release of Methotrexate with Crosslinking Polyphosphate as
Drug Carrier," Chin. J. Pharmaceut., 27, 6 (1996).

Y. Luo, S. Yoshioka, and Y. Aso, "Swelling Behavior and Drug Release of Amphiphilic
N-Isopropylacrylamide Terpolymer Xerogels Depending on Polymerization Methods: y:Irradiation
Polymerization and Redox Initiated Polymerization, Chem. Pharm. Bull., 47, 579-581 (1999).

Y. Luo and G.D. Prestwich, "Synthesis and Cytotoxicity of Hyaluronan-Taxol Anti-tumor Bioconjugates,"
Bioconjugate Chem., in press (1999).

G.D. Prestwich, Y. Luo, M.R. Ziebell, K.P. Vercruysse, K.R. Kirker, and J.S. MacMaster,
"Chemically-Modified Hyaluronan: New Biomaterials and Probes for Cell Biology," in
New Frontiers in Medical Sciences: Redefining Hyaluronan Padua, Italy (G. Abatangelo, ed.) Elsevier,
in press (2000).
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NAME POSITION TITLE
MICHAEL R. ZIEBELL Graduate Research Assistant, The University of Utah
EDUCATION/TRAINING (Begin with baccalaureate or other initial professional education, such as nursing, and include postdoctoral training.)
INSTITUTION AND LOCATION DEGREE YEAR(s) FIELD OF STUDY
Earlham College, Richmond, Indiana BA 1991 Physics
Indiana University, Bloomington 1992-93 | Coursework in
Chemistry and
Biology
The University at Stony Brook, PhD PhD Physiology &
Stony Brook, New York (expected | Biophysics
12/99)

Publications

G.D. Prestwich, D.M. Marecak, J.F. Marecek, K.P. Vercruysse, and M.R. Ziebell, "Controlled Chemical
Modification of Hyaluronic Acid:Synthesis, Applications, and Biodegradation of Hydrazide
Derivatives,"J. Controlled Rel., 53, 93-103 (1998).

G.D. Prestwich, D.M. Marecak, J.F. Marecek, K.P. Vercruysse, and M.R. Ziebell, "Chemical Modification
of Hyaluronic Acid for Drug Delivery, Biomaterials, and Biochemical Probes," in The Chemistry,
Biology, and Medical Applications of Hyaluronan and its Derivatives (T.C. Laurent, ed.), Portland
Press, London, pp. 43-65 (1998).

G.D. Prestwich, Y. Luo, M.R. Ziebell, K.P. Vercruysse, K.R. Kirker, and J.S. MacMaster,

"Chemically-Modified Hyaluronan: New Biomaterials and Probes for Cell Biology," in New Frontiers
in Medical Sciences: Redefining Hyaluronan Padua, Italy (G. Abatangelo, ed.) Elsevier Science,
in press (2000).

S. Zhang, W.F. Cheung, J. Lu, M.R. Ziebell, S.A. Turley, R. Harrison, D. Zylka, N. Ahn, D. Litchfield,
G.D. Prestwich, T. Cruz, and E.A. Turley, " Intracellular RHAMM Isoforms Bind Directly to erk1
and These Interactions are Required for Transformation and for Podosome Formation via the erk
Kinase Pathway," Molec. Cell. Biol., submitted (1999).
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- ATTORNEY D OCEET NUMBER: P-1078
THE COMMISSIONER OF PATENTS AND TRADEMARKS
WASHINGTON, D.C. 20231

Sir: 7N
Transmitted herewith for filing is the Utility patent application of: @@ / D)Y

INVENTORS: Prestwich, Ziebell, Luo and Zhao

FoOR: Hyaluronic Acid Mimics and Methods Related Thereto “

Thlis application claims priority to Provisional Patent Application US 60/091,758 filed
July 6, 1998.

Enclosed are:

___A Verified Statement claiming Small Entity Status
_X_A declaration and power of attorney (unsigned)

___A sequence listing on diskette, paper copy and affidavit
___An Information Disclosure Statement and 1449 form
_X_ ___ total pages of application and ___ claims
_X_A return postcard

_X_The filing fee is calculated as shown below:

"E’on NouuBEr FILRD NoMBER EXTRA RaTe CALCULATIONS
TOTAL CLAIMS x$18

21 -20= . ( 9) = $§9.00

INDEPENDENT x$78 |

CLAIMS _6 -3= 3 (39) = $117.00

MULTIPLE DEPENDENT craiM(s) (if applicable) +$260 = $0.00
(130)

sasic FEe (Small Entity) $380.00

TOTAL $§506.00

___ A check in the amount of § to cover the filing fee is enclosed.

___ The Commissioner is hereby authorized to charge any additional fees associated with this
communication, including patent application filing fees and processing fees under 37 C.F.R. §1.16 and 1.17,
or credit any overpayment to Deposit Account Number 02-0725.

Respectfylly su

Kristine H. Johnson
Registration Number 36, 835

: atio
Macheledt Bales & Johnson LLP Date: S/ Y 3 199 i

The Opera Galleria, Suite 219
123 North College Avenue
Fort Collins, Colorado 80524
Tel. (970) 472-9650

£Lyy2325922Us

Express Mail mailing label number__EL442325922US

Date of Deposit___July 3. 1999 )
I hereby certify that this paper or fee is being deposited with the United States Postal Service “Express Mail Post

Office to Addressee” service under 37 C.F.R. 1.10 on the date indicated above and is addressed Assistant
Commissioner for Patents, Washington, D.C. 20231.

/
Ky szine H. Jounisod , S |
AR me 15 Signature v Annualmvrtfor DAMBI7-98-1-825




ATtrornBy Dockst No.: P-1078

DECLARATION FOR PATENT APPLICATION AND APPOINTMENT OF ATTORNEY

As a below-named inventor, I hereby declare that my residence, post office address and citizenship are as stated below next to my
name; I believe that I am the original, first and sole inventor (if only one name is listed below) or an original, first and joint inventor (if
plural names are listed below) of the subject matter which is claimed and for which a patent is sought on the invention (Design, if
applicable) entitled : Hyaluronic Acid Mimics and Methods Related Thereto

the specificatiop of which (check one):
_X_ is:attached hereto.

was filed on , as Application Serial No. and was amended on (if applicable).
was filed on as International Application (PCT) No. , and was amended on
(if applicable).

I hereby state that I have reviewed and understand the contents of the above-identified specification, including the claims, as amended

by any amendment(s) referred to above. I acknowledge the duty to disclose information which is material to the examination of this

application in accordance with Title 37, Code of Federal Regulations, § 156(a). 1 hereby claim foreign priority benefits under Title 35,

United States Code § 119 of any foreign application(s) for patent or inventor’s certificate listed below and have also identified below any

foreign application for patent or inventor's certificate having a filing date before that of the application on which the priority is claimed.
PRIOR FOREIGN APPLICATION(S)

NUMBER COUNTRY DAY/MONTH/YEAR FILED PriorITrY CLAIMED J]
|
Yes No “

____________.___————_————————L———————

e e ——————
—_—

I hereby claim the benefit under Title 35, United States Code, § 120 of any United States application(s) or PCT
international application(s) designating The United States of America listed below and, insofar as the subject matter of
each of the claims of this application is not disclosed in that/those prior application(s) in the manner provided by the
first paragraph of Title 35, United States Code, § 112, 1 acknowledge the duty to disclose material information as
defined in Title 37, Code of Federal Regulations, § 1.56(a) which occurred between the filing date of the prior
application(s) and the national or PCT international filing date of this application:

APPLICATION NUMBER FILING DATE StATUS (Patented, Pending or
Abandoned)
60/091,758 July 6, 1998 Pending (Provisional)

e ————————————————————————h——

I hereby declare that all statements made herein of my own knowledge are true and that all statements inade on
information and belief are believed to be true; and further that these statements were made with the knowledge that
willful false statements and the like so made are punishable by fine, or imprisonment, or both, under Section 1001 of
Title 18 of the United States Code, and that such willful false statements may jeopardize the validity of the application
or any patent issued thereon.

POWER OF ATTORNEY: I (We) hereby appoint as my (our) attorneys, with full powers of substitution and
revocation, to prosecute this application and transact all business in the Patent and Trademark Office connected
. therewith; Kristine H. Johnson, Registration Number 36,835, Jennifer Bales 38,070, and Jean Macheledt 33,956.
Send correspondence to:  KRISTINE H. JOHNSON '
THE OPERA GALLERIA, SUITE 219 TELEPHONE CALLS TO: KRISTINE H. JOHNSON

123 NorTH COLLEGE AVENUE (970) 472-9650
ForT CoLLns, CO 80524 '

,X_ See following pages for additional joint inventors.

Full Name of First or Sole Inventor Citizenship “
Glenn D. Prestwich USA

Residence Address - Street Post Office Address Street

1500 Sunnydale Lane 1500 Sunnydale Lane

City City

Salt Lake City Salt Lake City

State or Country Zip State or Country Zip

Utah : 84108 Utah 84108

DATE SIGNATURE “
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.

. . ATTORNEY DoOCKET No.: P-1078

DECLARATION FOR PATENT APPLICATION AND APPOINTMENT OF ATTORNEY

i

Full Name of Additional Joint Inventor _C-;tizenship

Michael R. Ziebeli USA _

Residence Address - Street Post Office Address Street "

City City

Salt Lake City Salt Lake City

State or Country Zip State or Country Zip

Utah Utah '

DATE SIGNATURE : I
— —

Full Name of Additional Joint Inventor Citizenship

Bat Luo

Residence Address - Street Post Office Address Street .

City City

Salt Lake City Salt Lake City

State or Coudntry Zip State or Country Zip _

Utah Utah

DATE ) SIGNATURE

Full Name of Additional Joint Inventor Citizenship

Zhan-Gong Zhao .

Residence Address - Street Post Office Address Street It

City ‘ City :

Salt Lake City Salt Lake City

State or Country Zip State or Country Zip

Utah Utah

DATE SIGNATURE . ) “

___ SEE FOLLOWING PAGES FOR ADDITIONAL JOINT INVENTORS
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Encloscd for filing herewith is a patent application of : PATENT APPLICATION
Glenn D. Prestwich, Ziebell, Luo t 2hoo (NEW)
ATTY DKT NO. P-1078

For: Hyaluronic Acid Mimics and Methods Related Thereto
The PTO Stamp hereon acknowledges receipt of :

pages of specification and & \ claims
acheck for
a sequence listing on diskette, paper copy and affidavit
Assignment with PTO
Priority Documents
Preliminary Amendment
Declaration/Power of Attomey ___Executed _x_Unexecuted
__Sheets of Drawings __ Formal ___Informal
Small Entity Statement ___Ind. __Sm. Biz ___Non-inv. __Non-prof.

IDS/ PTO Form 1449/ References
rauls hN

Sent via Express Mail mailing label number _EL442325922US
Date of Deposit: July 2 _, 1999
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Figure 1

Phage Screened for Peptides that Bind
to the HA Binding Domains of RHAMM-1v4

fUSE-5 phage hosting random 15 amino acid peptides were screened
against the HA binding domain of RHAMM 1v4,

METHOD

|
\

}\ Phage
‘Apply phage to HAB\ J\
immobilized GST-HABD . _:.

Wash away unbound Phage bound to the HABD

phage, but nonspecific ~ Nonspecifically
binders remain. bound phage

™~ =

fo elute only phage

bound to HABD. U N

Repeat two times with phage Ib
Lfrcam previous round. ‘ |
| S U

Final Screen: . .
No thrombin elution, rather elute - a4—HA fragments | :
phage with HA fragments,

—
——— ———— —

Treat with thrombin i }\Eluted phage

e ————————————

o SEQUENCES FOUND

HA2 GVCNADFCWLPAVVV HA6 HWCLPLLACDTFARA
HA3 SASPSASKLSLMSTV HA7 YRVYLSVVHNSVLPS
Ha4 IPPILPAYTLLGHPR HA8 PHXRPVVSASSILPV _ |

R

Qentt. LK. & Smith. G.P.. Science. 249:386-390 (1990)
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Filgure 2

BINDING OF HA2 AND HA3 TO GST-P1

ey I X HA3 minus blank
z B8 % M =Y HA2 minus blank

OD 590 nm

thrombin
0.2 mg/mL

Figure 2. The lanes marked HA, CS, and HP have been preincubated with
. 1.5 mg/mL hyaluronic acid (HA), chondroitin sulfate (CS) and
heparin (HP). These wells contain 0,15 mg/mL HA2 or HA3.
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Figure 3

Affinities of Peptides that Bind
to the HA Binding Domain

The peptides HA2 and HA3 were synthesized with an N-terminal biotin,

and evaluated for their binding properties to the HA binding domains from
which they were screened. In a solid phase binding assay, in which GST-P1
Is Immobilized in 96 well plates the following data was obtained.

Furtharmore, it Is noted (data not shown) that HA fragments (20-60 kD)
and chondroltin sulfate (60 kD) can compete with the peptides for binding..

GENERAL METHOD Eadie-Hofstee Plot of HA2 bound to

GST-HABD RHAMM-P1

immobilized in a 8E-10

microplate well 8E10
4E-10

o 3&10
Biotinylated 2E10

peptide is applied. 15";

0 0002 0004 0006 0008 0.1

Detect bound ligand (8y/y !
using streptavidin-HRP =
Strept.-HR? TMB substrate Eadie-Hofstea Plot of HA3 bound to
: ¥ & RHAMM-P1 o
Blue color
6E10
5510
4E10
310
E 2E-10
: 1510
Read plate at 5§90 nm o
m— —_— ——  _—— 15604 17804 19604 2.1E04 23604 2.5,;504
(B

HA2 Kq =5x10-3 HA3 Kq=5x10-8
LOUSE IéOO .
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Alanine
Arginine
Asparagine
Aspartic
Asparagine
or aspartic
Cysteine
Glycine
Glutamine
Glutamic
Glutamine
or glutamic
Histidine
Isoleucine
Leucine
Lysine

" Methionine

Phenylalanine

" Proline
. Serine

. Threonine

Tryptophan

. Tyrosine

Valine

Ala

Arg
Asn
Asp
Asx

Cys
Gly
Gln
Glu
Glx

His
Ile
Lys

Met
Phe

Pro’

Ser
Thr
Trp
Tyr
Val

NTmO QO

<~<gdg-dunTmMZT R ~ T
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HYALURONIC AcID MIMICS AND METHODS RELATED THERETO

This application claims priority to U.S. Provisional Patent
Application Serial Number 60/091,758, filed July 6, 1998.
EIELD OF THE INVENTION
This invention pertains to the fields of biochemistry, specifically
biochemistry related to compounds which interact with hyaluronic acid

receptors.

BACKGROUND OF THE INVENTION
Hyaluronic acid (HA) is a large glycoaminoglycan that contains

repeating disaccharide units of N-acetyl glucosamine and glucuronic acid. It
occurs in the extracellular matrix and on the cell surface. It has been shown,
among other things, to promote cell mobility, adhesion, and proliferation.
HA has an role in many physiological processes, for example, morphogenesis,
wound repair, inflammation, and metastasis. Many of the effects of HA are
mediated through cell surface receptors, several of which have been
molecularly characterized, namely CD44, RHAMM (Receptor for Hyaluronan
Mediated Mobility), and ICAM- I (Intracellular Adhesion Molecule- 1),
BEHAB, Link Protein and TSG-6. Binding of the HA ligand to its receptors

triggers signal transduction events.

Although considerable information on the structure of the HA-related
surface receptors is available, the three-dimensional structure/biochemistry
of HA which influences the receptor/HA interaction is not known. The
popular hypothesis for receptor-HA interaction is that the HA binding motif
is present in sequences of these receptors and is responsible for the binding of

these sequences to HA.
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Other journal articles which hypothesize motifs that would bind to HA

binding domains are:

Day, A. J. (1999) The structure and regulation of hyaluronan-binding proteins.
Biochem Soc Trans 27, 115-21.

Knudson, C. B., and Knudson, W. (1993) Hyaluronan-binding proteins in

development, tissue homeostasis, and disease. Faseb ] 7, 1233-41

Sherman, L., Sleeman, J., Herrlich, P., and Ponta, H. (1994) Hyaluronate
receptors: key players in growth, differentiation, migration and tumor

progression. Curr Opin Cell Biol 6, 726-33.

Toole, B. P. (1990) Hyaluronan and its binding proteins, the hyaladherins.
Curr Opin Cell Biol 2, 839-44.

Ward, A. C., Dowthwaite, G. P., and Pitsillides, A. A. (1999) Hyaluronan in

joint cavitation. Biochem Soc Trans 27, 128-35.

Bajorath, J., Greenfield, B., Munro, S. B, Day, A. ], and Aruffo, A. (1998).
Identification of CD44 residues important for hyaluronan binding and
delineation of the binding site. ] Biol Chem 273, 338-43.

Kohda, D., Morton, C. J., Parkar, A. A., Hatanaka, H., Inagaki, F. M., Campbell,
I. D., and Day, A. J. (1996). Solution structure of the link module: a
hyaluronan-binding domain involved in extracellular matrix stability and
cell migration. Cell 86, 767-75.

Maier, R., Wisniewski, H. G., Vilcek, J., and Lotz, M. (1996). TSG-6 expression
in human articular chondrocytes. Possible implications in joint

inflammation and cartilage degradation. Arthritis Rheum 39, 552-9.
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Parkar, A. A., Kahmann, J. D., Howat, S. L., Bayliss, M. T., and Day, A.
J. (1998). TSG-6 interacts with hyaluronan and aggrecan in a pH-dependent
manner via a common functional element: implications for its regulation in

inflamed cartilage. FEBS Lett 428, 171-6.

The following patents discuss modified HAs, none of which are

remotely similar to the present HA mimics:

5,874,417 & 5,616,568 Functionalized derivatives of hyaluronic acid
5,652,347 Method for making functionalized derivatives of hyaluronic acid
5,631,241 Pharmaceutical compositions containing hyaluronic acid fractions

5,356,883 & 5,502,081 & 5,356,883 & 5,017,229 & 4,937,270 Water-insoluble

derivatives of hyaluronic acid and their methods of preparation and use

5,520,916 Non-woven fabric material comprising hyaluronic acid derivatives

and use

5,503,848 Spongy material consisting essentially of hyaluronic acid or its

derivatives, and its use in microsurgery
5,202,431 Partial esters of hyaluronic acid

4,636,524 & 4,605,691 & 4,582,865 Cross-linked gels of hyaluronic acid and

products containing such gels

The following patents discuss the use of HA for treating various

diseases, which uses are also applicable uses of the present HA mimics:
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5,914,314 Use of a form of hyaluronic acid and a medicinal agent for reducing

rejection of organs transplantation in mammals

5,888,986 & 5,880,108 5,591,724 Method for treating the urinary bladder and

associated structures using hyaluronic acid

5,847,002 Compositions, for inhibition, control and regression of angiogenesis,

containing hyaluronic acid and NSAID
5,834,444 Hyaluronic acid and salts thereof inhibit arterial restenosis

5,830,882 Compositions containing a form of hyaluronic acid and a medicinal
agent for treating acne in mammals and methods for administration of such

composition

5,827,834 Method of using hyaluronic acid or its pharmaceutically acceptable

salts for the treatment of disease
5,728,391 Hyaluronic acid and its salt for treating skin diseases

5,679,655 Method of treating lesions resulting from genital herpes with

hyaluronic acid-urea pharmaceutical compositions
5,674,857 Use of hyaluronic acid to repair ischemia reperfusion damage

5,646,129 Method of using low molecular weight hyaluronic acid for

stimulating bone formation

5,639,738 Treatment of basal cell carcinoma and actinic keratosis employing

hyaluronic acid and NSAIDs
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5,633,003 Use of intratracheally administered hyaluronic acid to ameliorate

emphysema

5,631,242 Hyaluronic acid-urea pharmaceutical compositions utilized for

treatment of diseases of cutis

5,624,915 & 5,583,120 & 5,583,119 & 5,550,112 & 5,529,987 Hyaluronic acid-urea

pharmaceutical compositions and uses
5,614,506 Use of hyaluronic acid and forms to prevent arterial restenosis

5,604,200 Wound therapeutic mixture containing medical grade hyaluronic
acid and tissue culture grade plasma-fibronectin in a delivery system that
creates a moist environment which simulates in utero healing

5,583,118 Method of treating an anorectal disease using hyaluronic acid-urea

pharmaceutical compositions

4,801,619 Hyaluronic acid preparation to be used for treating inflammations

of skeletal joints

The following patents have disclosed compositions of matter
comprising HA as an ingredient, and which would be useful in making the
present compositions claimed, except that the present HA mimics would be
substituted for HA:

5,847,002 Compositions, for inhibition, control and regression of angiogenesis,

containing hyaluronic acid and NSAID

5,679,655 Method of treating lesions resulting from genital herpes with

hyaluronic acid-urea pharmaceutical compositions
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The following patents have disclosed other methods of using HA,

which other uses would be applicable uses of the present HA mimics:

5,772,982 Method of using hyaluronic acid for the detection, location and
diagnosis of tumors

4,804,537 Sperm selection process using a salt of hyaluronic acid

Citation of the above documents is not intended as an admission that any of
the foregoing is pertinent prior art. All statements as to the date or
representation as to the contents of these documents is based on subjective
characterization of information available to the applicant, and does not
constitute any admission as to the accuracy of the dates or contents of these
documents.

SUMMARY OF INVENTION

- The present invention provides HA mimics comprising a polypeptide
having alternating acidic / non-acidic residues, wherein said mimic binds to
the hyaluronic acid binding domain of the receptor for hyaluronan mediated
mobility. Those HA mimics wherein said polypeptide is four to 15 residues
in length are preferred. More preferred are those HA mimics as described,
wherein said residues include at least one dextrorotatory residue. Most
preferred are HA mimics comprising an amino acid sequence selected from
the group consisting of: SEQ ID NO 1; SEQ ID NO 2; SEQ ID NO 3; SEQ ID NO
4; SEQ ID NO 5; SEQ ID NO 6; SEQ ID NO 7; SEQ ID NO 8; SEQ ID NO 9; SEQ
ID NO 10; SEQ ID NO 11; SEQ ID NO 12; SEQ ID NO 13; SEQ ID NO 14; SEQ ID
NO 15; SEQ ID NO 16; SEQ ID NO 17; SEQ ID NO 18; SEQ ID NO 19; and SEQ
ID NO 20, or a homologue thereof, wherein said homologue binds to the
hyaluronic acid binding domain of the receptor for hyaluronan mediated

mobility.
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In a preferred embodiment of the present invention, the HA mimics

comprising the sequence:
X-A/a-X-A/a-X-a-X-a;

wherein (X) can be any amino acid, (A) is L-glutamate or L-

aspartate and (a) and (a;) are D-glutamate or D-aspartate.

Those wherein X is hydrophobic are more preferred and those wherein X is

hydrophobic and a; is D-glutamate are most preferred.

The present invention also provides nucleic acid compounds
comprising a nucleic acid which encodes an amino acid sequence selected
from the group consisting of: SEQ ID NO 1; SEQ ID NO 2; SEQ ID NO 3; SEQ
ID NO 4; SEQ ID NO 5; SEQ ID NO 6; SEQ ID NO 7; SEQ ID NO 8; SEQ ID NO
9; SEQ ID NO 10; SEQ ID NO 11; SEQ ID NO 12; SEQ ID NO 13; SEQ ID NO 14;
SEQ ID NO 15; SEQ ID NO 16; SEQ ID NO 17; SEQ ID NO 18; SEQ ID NO 19;
and SEQ ID NO 20; and homologues thereof, wherein said homologue binds
to the hyaluronic acid binding domain of the receptor for hyaluronan

mediated mobility.

Also provided are HA mimics comprising a polypeptide comprising
double hydrophobic residues, wherein said mimic binds to the hyaluronic
acid binding domain of the TSG-6. In particular, provided are HA mimics of
which are selected from the group consisting of: GYYFNVAM; WAYNFLVM;
TQSLNNHM; WWPFINAY; WWKADMVG; WWPFINAY; MALQLPYY;
IIYEEFFV; ISINNRWY; VTPPVYFT, QIRNGWEFW; SWWEFGPLA;
GDWEQILT; PAGFGWNL; NMRENIEN; and QMTFFDGYV, or a homologue
thereof, wherein said homologue binds to hyaluronic acid binding domain of
the TSG-6. Nucleic acids which encode the above compounds are also part of

the present invention.
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The present invention also provides methods to affect a
hyaluronidase-mediated biological response in a patient in need of such

affecting , comprising administering an HA mimic of the present invention.

The present invention also provides methods to inhibit hyaluronidase
activity in a patient in need of such inhibition, comprising administering an

HA mimic of the present invention.

The present invention also provides methods to bind receptors that
bind hyaluronic acid, comprising introducing an HA mimic of the present

invention.

The present invention also provides methods to mimic hyaluronic
acid in a biological system, comprising introducing an HA mimic of the

present invention.

The present invention also provides methods to affect cell signalling
associated with hyaluronic acid/hyaluronic acid receptor interactions,

comprising introducing an HA mimic of the present invention.

The present invention also provides methods to treat hyaluronic acid-
associated disease in a patient in need of such treatment, comprising
administering an HA mimic of the present invention. In particular, those
methods wherein said disease is selected-from the group consisting of:
inflammation; tumor angiogenesis; skin disease; bone disease; wound
healing; osteoarthritis; rheumatoid arthritis; infectious disease; immune

disease; and cardiovascular disease are preferred.
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The present invention also provides methods to inhibit metastasis in a

patient in need of such inhibition, comprising administering an HA mimic of

the present invention.

The present invention also provides methods to inhibit fertilization in

a patient in need of such inhibition, comprising administering an HA mimic

of the present invention.

The present invention also provides methods to introduce an agent

into a cell which binds hyaluronic acid, comprising administering the agent

in conjunction with an HA mimic of the present invention.

The present invention also provides methods to isolate peptides that

mimic a ligand’s binding to a receptor comprising the steps of:

()

(b)

(©)
(d)

(e)

()
(g

(h)
(i)

August 1999

preparing a random library of peptides and binding
said library to a bead;

placing the library in contact with the receptor
under conditions for binding;

washing off unbound peptides;

contacting the washed bead-bound library with anti-
receptor antibody;

detecting and selecting beads having antibody
bound thereto;

eluting the antibody;

repeating steps (a) through (f) and then repeating
steps (a) through (c), and then incubating the beads
in the presence of receptor prior to adding anti-

receptor antibody;

detecting and selecting beads that did not bind antibody;

determining the sequence of the bead-bound

peptide.
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“Protein” means any compound which comprises amino acids, including

peptides , polypeptides, fusion proteins, etc.

“in conjunction with” means any physical interaction that results in co-
localization.
Moreover, for the purposes of the present invention, the term “a” or
“an” entity refers to one or more of that entity; for example, “a protein” or “a
nucleic acid molecule” refers to one or more of those compounds or at least
one compound. As such, the terms “a” (or “an”), “one or more” and “at least
one” can be used interchangeably herein. It is also to be noted that the terms
“comprising”, “including”, and “having” can be used interchangeably.
Furthermore, a compound “selected from the group consisting of” refers to
one or more of the compounds in the list that follows, including mixtures
(i.e., combinations) of two or more of the compounds. According to the
present invention, an isolated, or biologically pure, protein or nucleic acid
molecule is a compound that has been removed from its natural milieu. As
such, “isolated” and “biologically pure” do not necessarily reflect the extent to
which the compound has been purified. An isolated compound of the
present invention can be obtained from its natural source, can be produced

using molecular biology techniques or can be produced by chemical synthesis.

Brier D F Drawr

FIG.I shows a scheme for screening a random phage library for
binding to HA.

FIG. 2 shows binding of two synthetic peptides to a hyaluronic binding
domain.

FIG. 3 shows affinities of peptides that bind to the HA binding domain.

FIG. 4 shows a table describing abbreviations of the amino acids.
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DETAILED DESCRIPTION OF THE INVENTION

The present invention provides HA mimics comprising a polypeptide
having alternating acidic / non-acidic residues, wherein said mimic binds to
the hyaluronic acid binding domain of the receptor for hyaluronan mediated
mobility. Those HA mimics wherein said poljzpeptide is four to 15 residues
in length are preferred. More preferred are those HA mimics as described,
wherein said residues include at least one dextrorotatory residue. Most
preferred are HA mimics comprising an amino acid sequence selected from
the group consisting of: SEQ ID NO 1; SEQ ID NO 2; SEQ ID NO 3; SEQ ID NO
4; SEQ ID NO 5; SEQ ID NO 6; SEQ ID NO 7; SEQ ID NO 8; SEQ ID NO 9; SEQ
ID NO 10; SEQ ID NO 11; SEQ ID NO 12; SEQ ID NO 13; SEQ ID NO 14; SEQ ID
NO 15; SEQ ID NO 16; SEQ ID NO 17; SEQ ID NO 18; SEQ ID NO 19; and SEQ
ID NO 20, or a homologue thereof, wherein said homologue binds to the
hyaluronic acid binding domain of the receptor for hyaluronan mediated

mobility.

In a preferred embodiment of the present invention, the HA mimics

comprising the sequence:
X-A/a-X-A/a-X-a-X-a;

wherein (X) can be any amino acid, (A) is L-glutamate or L-

aspartate and (a) and (a;) are D-glutamate or D-aspartate.

Those wherein X is hydrophobic are more preferred and those wherein X is

hydrophobic and a; is D-glutamate are most preferred.

Also provided are HA mimics comprising a polypeptide comprising

double hydrophobic residues, wherein said mimic binds to the hyaluronic

11
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acid binding domain of the TSG-6. In particular, provided are HA mimics of
which are selected from the group consisting of: GYYFNVAM; WAYNFLVM;
TQSLNNHM; WWPFINAY; WWKADMVG; WWPFINAY; MALQLPYY;
IIYEEFFV; ISINNRWY; VTPPVYFT; QIRNGWEFW; SWWFGPLA;
GDWEQILT, PAGFGWNL; NMRFNIEN; and QMTFFDGYV, or a homologue
thereof, wherein said homologue binds to hyaluronic acid binding domain of
the TSG-6. Nucleic acids which encode the above compounds are also part of

the present invention.

The present invention also provides nucleic acid compounds
comprising a nucleic acid which encodes an amino acid sequence selected
from the group consisting of: SEQ ID NO 1; SEQ ID NO 2; SEQ ID NO 3; SEQ
ID NO 4; SEQ ID NO 5; SEQ ID NO 6; SEQ ID NO 7; SEQ ID NO 8&; SEQ ID NO
9; SEQ ID NO 10; SEQ ID NO 11; SEQ ID NO 12; SEQ ID NO 13; SEQ ID NO 14;
SEQ ID NO 15; SEQ ID NO 16; SEQ ID NO 17; SEQ ID NO 18; SEQ ID NO 19;
and SEQ ID NO 20; and homologues thereof, wherein said homologue binds
to the hyaluronic acid binding domain of the receptor for hyaluronan

mediated mobility.

Also provided are compositions of matter comprising an HA mimic of
the present invention, in particular, those which comprise a non-steroidal

anti-inflammatory drug.

The present invention also provides methods to affect a
hyaluronidase-mediated biological response in a patient in need of such

affecting , comprising administering an HA mimic of the present invention.
The present invention also provides methods to inhibit hyaluronidase

activity in a patient in need of such inhibition, comprising administering an

HA mimic of the present invention.
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The present invention also provides methods to bind receptors that
bind hyaluronic acid, comprising introducing an HA mimic of the present

invention.

The present invention als