
(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date (10) International Publication Number
1 March 2007 (01.03.2007) PCT WO 2007/025234 A2

(51) International Patent Classification: (74) Agents: LOVE, Jane, M. et al; WILMER CUTLER
C12N 5/08 (2006.01) PICKERING HALE AND DORR LLP, 399 Park Avenue,

New York, NY 10022 (US).

(21) International Application Number:
PCT/US2006/033419 (81) Designated States (unless otherwise indicated, for every

kind of national protection available): AE, AG, AL, AM,

(22) International Filing Date: 28 August 2006 (28.08.2006) AT,AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI,

(25) Filing Language: English GB, GD, GE, GH, GM, HN, HR, HU, ID, IL, IN, IS, JP,
KE, KG, KM, KN, KP, KR, KZ, LA, LC, LK, LR, LS, LT,
LU, LV,LY,MA, MD, MG, MK, MN, MW, MX, MY, MZ,

(26) Publication Language: English NA, NG, NI, NO, NZ, OM, PG, PH, PL, PT, RO, RS, RU,
SC, SD, SE, SG, SK, SL, SM, SV, SY, TJ, TM, TN, TR,

(30) Priority Data: TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW
60/71 1,591 26 August 2005 (26.08.2005) US

(84) Designated States (unless otherwise indicated, for every
(71) Applicant (for all designated States except US): THE kind of regional protection available): ARIPO (BW, GH,

TRUSTEES OF COLUMBIA UNIVERSITY IN THE GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
CITY OF NEW YORK [US/US]; 412 LOW MEMO ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
RIAL LIBRARY, 535 West 116th Street, New York, NY European (AT,BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
10027 (US). FR, GB, GR, HU, IE, IS, IT, LT, LU, LV,MC, NL, PL, PT,

RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA,
(72) Inventors; and GN, GQ, GW, ML, MR, NE, SN, TD, TG).
(75) Inventors/Applicants (for US only): ACCILI, Domenico

[IT/US]; 541 W 113TH STREET, #4c, New York, NY Published:
10025 (US). KITAMURA, Tadahiro [JP/US]; 1422 — without international search report and to be republished
Oleary Terrace, Fort Lee, NJ 07024 (US). upon receipt of that report

[Continued on next page]

(54) Title:
ODS OF USE FOR TREATMENT OF DIABETES

A B
(57) Abstract: The invention is directed to spontaneously immortalized pancreatic duct cells and methods for generating pancreatic
endocrine cells from spontaneously immortalized pancreatic duct cells that express the transcription factors Pdxl and FoxOl. The
invention also provides for methods for treating beta cell failure, the method comprising administering to a subject an effective
amount of spontaneously immortalized pancreatic duct cells expressing a mutated version FoxOl.



For two-letter codes and other abbreviations, refer to the "G uid

ance Notes on Codes and Abbreviations" appearing at the beg in
ning of each regular issue of the PCT Gazette.



GENERATION OF PANCREATIC ENDOCRINE CELLS FROM PRIMARY DUCT
CELL CULTURES AND METHODS OF USE FOR TREATMENT OF DIABETES

[0001] This application claims priority to U.S. Provisional Application No.

60/711,591 filed August 26, 2005, which is hereby incorporated by reference in its entirety.

[0002] The invention disclosed herein was made with U.S. Government support

under NIH Grant No. 1R01DK6461 8 from the NIDDK. Accordingly, the U.S. Government

may have certain rights in this invention.

[0003] This patent disclosure contains material that is subject to copyright

protection. The copyright owner has no objection to the facsimile reproduction by anyone of

the patent document or the patent disclosure as it appears in the U.S. Patent and Trademark

Office patent file or records, but otherwise reserves any and all copyright rights.

[0004] All patents, patent applications and publications cited herein are hereby

incorporated by reference in their entirety. The disclosures of these publications in their

entireties are hereby incorporated by reference into this application in order to more fully

describe the state of the art as known to those skilled therein as of the date of the invention

described herein.

BACKGROUND OF THE INVENTION

[0005] Diabetes is the result of impaired insulin production from pancreatic

endocrine beta-cells. Pancreatic duct cells are considered to be progenitors of pancreatic

endocrine cells in adult pancreas. The mechanism of pancreatic duct cell differentiation into

endocrine cells is unclear.

[0006] Pancreatic duct cell lines are useful tools for the study of duct cell

differentiation into endocrine cells. Existing pancreatic duct cell lines as described in the art

are derived from pancreatic cancers are not suitable for differentiation studies. Conventional

approaches to isolate primary pancreatic duct cells from rodents have been described (Arkle

et al., 1986). These approaches used micropuncture methods on isolated duct structures from

rats. However, intralobular ducts, or ductules, are too small to be collected by conventional

manual approaches. Another problem in the art related to isolating and purifying duct cells

from pancreas is that, because small ducts are associated with acinar tissue, small vessels and



connective tissue, it is difficult to exclude these associated components from the duct cells.

Finally, it is virtually impossible to exclude contamination of retrieved duct cells with

endocrine cells.

[0007] . It is important to better define pancreatic duct cell differentiation and to

establish methods to produce hormone-producing endocrine cells from duct cells, because

they may play an important role in the development of new treatments for diabetes.

SUMMARY QF THE INVENTION

[0008] The invention provides for an immortalized pancreatic duct cell derived

from a primary adult pancreatic duct epithelial cell that is capable of acquiring features of an

endocrine cell. In another aspect, the invention provides for an immortalized pancreatic duct

cell derived from a primary adult pancreatic duct epithelial cell, wherein the cell expresses a

mutated version of the DNA transcription factor FoxOl, which is constitutively retained in the

cell nucleus, unlike the wild-type FoxOl, which shuttles between the nucleus and the

cytoplasm. In another aspect, the invention provides for a cell derived from a primary

pancreatic duct cell (for example, using the method of the invention) where the cell is capable

of producing pancreatic hormones. In one embodiment, the duct-derived cell contains an

exogenous nucleic acid encoding a mutated FoxOl; the mutation abolishes the ability of

FoxOl to become phosphorylated. In one embodiment, the mutation comprises substitution

of serine 253 of SEQ ID NO:2 with alanine. The invention also provides a method for

treating pancreatic beta cell failure, the method comprising administering to a subject in need

thereof an effective amount of pancreatic ductal cells that express mutated FoxOl.

[0009] A spontaneously immortalized pancreatic duct cell line of the invention,

designated 24-1 Duct, was deposited pursuant to the Budapest Treaty on the International

Recognition of the Deposit of Microorganisms for the Purposes of a Patent Procedure with

the Patent Depository of the American Type Culture Collection (ATCC), 10801 University

Blvd., Manassas, VA, 201 10, on August 25, 2005, and accorded ATCC Accession No. PTA-

6968.

[0010] In one aspect, the invention provides for an immortalized pancreatic duct

cell derived from a primary adult pancreatic duct epithelial cell culture, wherein the

immortalized cell expresses Pdxl and/or FoxOl. (Throughout this application, the use of the

conjunction "and" includes within it, the conjunction "or", unless otherwise specified.) In



another embodiment, the cell lines expresses pancreatic duct cell markers. For example, the

pancreatic duct cell markers comprise cytokeratin 16 and/or carbonic anhydrase II. In

another embodiment, the cells of the cell line of the invention do not express endocrine

pancreatic markers. For example, the endocrine pancreatic markers comprise insulin,

glucagon, somatostatin and/or pancreatic polypeptide. In another aspect, the cell does not

express exocrine pancreatic markers. In another embodiment, the exocrine pancreatic

markers comprise amylase, trypsin and/or elastase.

[0011] In accordance with aspects of this invention, the pancreatic duct cells and

cells derived therefrom may comprise a cell line designated 24-1 Duct and having ATCC

Accession No. PTA-6968, and deposited on August 25, 2005 with the Patent Depository of

the ATCC, 10801 University Blvd., Manassas, VA, 201 10, under the provisions of the

Budapest Treaty on the International Recognition of the Deposit of Microorganisms for the

Purposes of a Patent Procedure.

[0012] In one aspect, the invention provides for a human pancreatic duct cell line.

In another aspect, the invention provides for an immortalized pancreatic duct cell derived

from a primary adult pancreatic duct epithelial cell, wherein the cell expresses mutated

FoxOl, wherein the mutation causes FoxOl to lose its ability to be phosphorylated. For,

example mutation of serine 253 of SEQ ID NO:2 to alanine. In one aspect of the invention,

the mutated version of Foxol contains a loss-of-function mutation. In one embodiment, the

mutation of FoxOl comprises a mutation that results in a truncation of the transactivation

domain of the FoxOl protein. In one embodiment, the last 400 amino acids (or approximately

400 amino acids) of the FoxOl protein (SEQ ID NO.2) are truncated. This truncation renders

FoxOl inactive, because it removes the so-called "transactivation domain" which is required

to transcribe DNA into RNA. The coding sequence of the murine homologue of FoxOl is

represented by nucleotides 429 - 2387 of SEQ ID NO: 1. The invention also provides for

expression of mutated versions of the human homologue of FoxOl (the nucleotide sequence

encoding human FoxoOl is shown for example in GenBank Accession No. NP_002006).

[0013] In another aspect of the invention, the cells of the cell line express

endocrine pancreatic markers. For example, the endocrine pancreatic markers can comprise

IsIl, Nkxό.l, Nkx2.2, NeurodDl, glucagon and/or pancreatic polypeptide.

[0014] The invention provides for a method for obtaining a pancreatic duct cell

line, the method comprising: (a) culturing pancreatic duct cells collected from a subject in



medium comprising about 10% serum and about 5.5 mM glucose for about a week; (b)

culturing the cells in a medium comprising (i) about 8 mM glucose; (ii) about 1 g/L ITS

(about 5 mg/1 insulin + 5 mg/1 transferrin + 5 mg/1 selectin), (iii) about 2 g/1 albumin, (iv)

about 10 mM nicotinamide, and (v) about 10 mg/ml keratinocyte growth factor, for about at

least another week until the culture comprises nearly all duct cells; (c) culturing the duct

cells with the medium of step (b) further comprising about 10% serum and about 5.5 mM

glucose; (d) passaging the cells of step (c) until the cells' doubling time reach about 24 hours;

and (e) cloning a single cell from the cells of step (d) so as to obtain a clonal pancreatic duct

cell line.

[0015] The invention provides for a method for producing a pancreatic hormone-

producing cell, the method comprising culturing immortalized pancreatic duct epithelial cells

under the conditions described herein. This invention provides for a method to isolate cells

from pancreas duct with a potential to become hormone-producing cells, including insulin-

producing beta cell conditions, wherein the immortalized pancreatic duct cells express

mutated FoxOl. In one embodiment, the FoxOl mutant comprises a mutation of serine 253 to

alanine.

[0016] , The invention provides for a method for treating beta cell failure, the

method comprising administering to a subject one or more cells from a spontaneously

immortalized pancreatic ductal cell line expressing mutated FoxOl . In one embodiment, the

cell line is the cell line that was deposited with the ATCC on August 25, 2005 under the

provisions of the Budapest Treaty, designated 24-1 Duct and having ATCC Accession No.

PTA-6968. In another embodiment, the administering comprises transplanting a sponge

matrix comprising immortalized pancreatic ductal cells expressing mutated FoxOl. In

another embodiment, the invention provides for administering to the subject cells that are

capable of producing pancreatic hormones that are derived from a pancreatic duct cell line of

the invention.

[0017] The subject on which the method is employed may be any mammal, e.g. a

human, mouse, cow, pig, dog, cat, or monkey. In one embodiment, the administering

comprises infusion, injection, incapsulation, or any combination thereof. The administration

of the cells may be effected by intralesional, intraperitoneal, intramuscular or intravenous

injection; by infusion; or may involve surgical implantation, carrier -mediated delivery; or

topical, nasal, oral, anal, ocular or otic delivery.



[0018] In the practice of the method, administration of the inhibitor may comprise

daily, weekly, monthly or hourly administration, the precise frequency being subject to

various variables such as age and condition of the subject, amount to be administered, half-

life of the agent in the subject, area of the subject to which administration is desired and the

like.

[0019] In connection with the method of this invention, a therapeutically effective

amount of the cells may include dosages which take into account the size and weight of the

subject, the age of the subject, the severity of the beta cell failure, the method of delivery of

the cells and the history of the symptoms in the subject.

BRIEF DESCRIPTION OF THE FIGURES

[0020] Figures 1A-1B. Primary pancreatic duct cell culture. After isolation of the

cells from murine pancreatic tissue as described in Example 1, the cells were cultured for 7

days in medium containing serum. Cobblestone-like duct cells and spindle-shaped fϊbroblast-

like cells were observed in the culture (Figure IA). Serum-containing medium was then

replaced with serum-free medium. After 7 days of culture in serum-free medium, the

fibroblast-like cells stopped growing and detached from the culture dishes, while the duct

cells were still proliferating even after 14 days in serum-free medium (Figure IB).

[0021] Figures 2A-2B. Primary pancreatic duct cell culture (following 2 weeks

in culture in serum-free medium). After 14 days in serum-free medium, cultured cells were

subjected to immunostaining with anti-pancytokeratin antibody to identify cytokeratin-

positive pancreatic duct epithelial cells in the culture.

[0022] Figures 3A-3D. Pancreatic duct cell culture (following 8 weeks culture in

serum-free medium). After 8 weeks of culture in serum-free medium, only duct cells

remained in the culture. This observation was confirmed by immunostaining with anti-

pancytokeratin antibody (Figures 3A-3B) and anti-Pdxl antibody (Figures 3C-3D).

[0023] Figures 4A-4F. Pancytokeratin and vimentin expression in single-cell

cloned primary pancreatic duct cell culture. Single cell cloning was conducted by the

limiting dilution method and 24 independent cell lines were obtained. Based on

morphological observations, the cell lines were classified into two groups: Clone i) consisted

of purely cobblestone-like cell lines which expressed cytokeratin (epithelial marker) but not

vimentin (mesenchymal marker) (Figures 4A-4C, top row); and Clone ii) consisted of



spindle-like cell lines which expressed both cytokeratin and vimentin (Figures 4D-4F,

bottom row).

[0024] Figure 5. Karyotype of primary pancreatic duct cell culture.

Chromosomal analysis (karyotype) was performed on five representative cell lines. AU cell

lines analyzed had abnormal chromosomes compared to the normal mouse chromosome

(N=42). Four of the five cell lines analyzed contained 74 chromosomes and one of the five

cell lines analyzed contained 44 chromosomes, indicating that these cell lines were

spontaneously transformed.

[0025] Figures 6A-6D. Complete mis-localization of FoxOl with Pdxl in

primary pancreatic duct cell culture. Spontaneously immortalized pancreatic duct cells

express two important transcription factors for endocrine cell differentiation.

Immunostaining results show the expression of Pdxl and FoxOl.

[0026] Figures 7A-7F. Glucagon and pancreatic polypeptide are induced by

FoxOl in primary duct cell culture. A mutant version of the transcription factor FoxOl was

introduced into the cultured duct cells (mutation of serine 253 of SEQ ID NO:2 to alanine).

After a week in culture, duct cells expressing the mutant FoxOl were positive for glucagon

and pancreatic polypeptide, as determined by immunohisto chemistry. The top row shows

cells transduced with a control virus. The bottom row shows cells transduced with the mutant

FoxOl virus. The left column shows staining with antiserum against glucagon, a hormone.

The red color indicates that glucagon production is present in cells expressing FoxOl , but not

in cells transduced with the control virus. The middle column shows staining for another

hormone called pancreatic polypeptide. The green color in this case indicates that there is

production of pancreatic polypeptide. Again, it is only seen in cells expressing FoxOl . The

right column shows co-staining for glucagon and DNA (DAPI). This is done to mark

individual cells and determine how many cells express glucagon. Virtually all cells

transduced with FoxOl express glucagon. This is a notable finding, because thus far there

have been no methods in which all cells would become (i.e., differentiate into) hormone-

producing cells.

[0027] Figures 8A-8B: Nucleotide sequence of mouse (Mus musculus) forkhead

box Ol (Foxol) (GenBank Accession No. NM_019739; SEQ ID NO:1)



[0028] Figure 9 : The amino acid sequence of mouse (Mus musculus) forkhead

box Ol (Foxol) encoded by nucleotides 429 - 2387 of SEQ ID NO:1 shown in Figures 8A-

8B (GenBank Accession No. NP_062713; SEQ ID NO:2)

DETAILED DESCRIPTION OF THE INVENTION

[0029] The issued patents, applications, and other publications that are cited

herein are hereby incorporated by reference to the same extent as if each was specifically and

individually indicated to be incorporated by reference.

[0030] It is a discovery of the present invention that a select population of

endocrine progenitor cells is located in pancreatic ducts. This population of pancreatic duct

cells can give rise to hormone-secreting pancreatic endocrine cells. These pancreatic duct

cells are characterized by expression of the transcription factors Pdxl and FoxOl. The

nucleotide sequence and amino acid sequence of FoxOl are shown as SEQ ID NO:1 (Figures

8A-8B) and SEQ ID NO:2 (Figure 9), respectively. Proliferation and differentiation of

pancreatic endocrine cells is regulated by the expression of Pdxl in the nucleus. FoxOl

expression in the nucleus acts as a negative regulator of endocrine cell proliferation and

differentiation by decreasing the expression of Pdxl . Upon translocation of FoxOl from the

nucleus to the cytoplasm, the expression of Pdxl in the nucleus increases, thus enhancing the

proliferation and differentiation of pancreatic endocrine cells.

[0031] The cells of the invention were obtained from primary cultures of

pancreatic ducts. Currently, there are no permanent cell lines derived from normal pancreatic

ducts. There are two cell lines derived from pancreatic carcinomas, which generally arise

from pancreatic ducts. Such cell lines are generally referred to as "pancreatic ductal" cells,

but they are highly abnormal and do not express most of the markers found to be expressed

by a normal pancreatic duct cell.

[0032] Cells of the invention were obtained by first removing pancreatic acinar

cells through filtration, then removing pancreatic islet cells by centrifugation. The

supernatant of the centrifugation was plated on a gelatin-coated culture dish and cells were

allowed to replicate. Most cells died within two weeks of being plated, however, those that

survived underwent spontaneous immortalization. The surviving cells were isolated and

cloned by limiting dilution. This process has been applied to many other cell types, but never

before to pancreatic duct cells. Through this process, individual cells were isolated. The



isolation of single-cell ("clonal") populations is also a discovery of the invention, as no other

clonal cell lines have been derived from pancreatic ducts. The lineage (derivation) of the

cells has been confirmed by measuring the expression of ~40 different genes that are typical

of ductal epithelial cells. They include Pdxl, Cytokeratin 16, 18, 20, vimentin, Carbonic

anhydrase II and many others. Other genes whose expression is characteristic of ductal

epithelial cells include: Glucagon, Pancreatic Polypeptide, Amylase, Pdxl, Nkx2.2, Nkxό.l,

Paxό, NeuroD, Ptfl(p48), MafA, CkI 9, Carbonic Anhydrase2, Vimentin, Foxa2, Hesl,

CBFl, Notchl, Sirtl, AFP, and PML. The expression of genes that are not expressed in

ductal cells was also measured, such as insulin, glucagon, pancreatic polpeptide, amylase,

Somatostatin, Neurogenin3, Brain4, Arx, Elastase, and /or Trypsin. Techniques for

measuring gene expression are known in the art. Non-limiting examples include in situ

hybridization, PCR-based methods and microarray analysis.

[0033] The invention provides for an immortalized pancreatic duct cell derived

from a primary adult pancreatic duct epithelial cell culture, wherein the immortalized cell

expresses Pdxl and FoxOl . The invention provides for methods to obtain / produce

hormone-producing pancreatic endocrine cells. Such cells would be useful in the treatment

of diseases, such as type 1 and type 2 diabetes. In this invention, a method is provided for

converting pancreatic duct cells into hormone producing cells by way of a specific genetic

alteration. In one embodiment, the genetic alteration comprises silencing expression of

FoxOl via RNA interference (RNAi), or by introducing dominant-negative mutants that

inhibit the action of the endogenous FoxOl gene. In one embodiment, the cells have been

obtained from primary cultures of pancreatic ducts. Currently, there are no permanent cell

lines available that are derived from normal pancreatic ducts. The cell lines derived from

pancreatic carcinoma arise from pancreatic ducts. These cells are generally referred to in the

literature as "pancreatic ductal", but they are highly abnormal and do not express most of the

markers of a normal pancreatic duct. This invention provides for cells that have been

obtained by removing first pancreatic acinar cells through filtration, then removing pancreatic

islet cells by centrifugation. The supernatant of the centrifugation is then been plated on a

gelatin-coated culture dish and cells are allowed to replicate. Most cells die within two

weeks of being plated, but those that survive have undergone spontaneous immortalization.

The surviving cells are isolated and cloned by limiting dilution. This process has not before

been applied to pancreatic ductal cells. Then individual cells were isolated. The isolation of

single-cell ("clonal") populations is an advancement of this invention, since no other clonal



cell lines have been derived from pancreatic ducts prior to this invention. The lineage

(derivation) of the cells has been confirmed by measuring the expression of ~40 different

genes that are typical of ductal epithelial cells. They include Pdxl, Cytokeratin 16, 18, 20,

vimentin, Carbonic anhydrase II and many others as explained below. In addition, the

expression of genes that should not be expressed in duct cells, such as insulin, glucagon,

pancreatic polpeptide and amylase were also measured.

[0034] The mutation of FoxOl abolished phosphorylation of FoxOl and caused the

protein to localize constirutively to the nucleus of the cell. In one embodiment, the serine at

amino acid position 253 of SEQ ID NO:2 is replaced by alanine, a non-phosphorylatable

amino acid. Techniques and kits for mutating amino acids and expression of mutated

proteins are known in the art (for example, the QuikChange® Site-Directed Mutagenesis Kit

(Stratagene)). Normally FoxOl protein shuttles between the nucleus and the cytoplasm. The

FoxOl mutant protein was introduced by adenoviral-mediated transduction. Transduction of

the FoxOl mutant in other types of viral vectors would be apparent to one skilled in the art.

[0035] The present invention provides for methods to isolate, select and culture

pancreatic duct cells. In one embodiment of the invention, isolated primary duct cells were

cultured for at least 10 months and were spontaneously immortalized. Single cell cloning

was performed using limiting dilution methods and 24 cell lines resulted. The cell lines

retained duct epithelial characteristics, for example, cytokeratin, carbonic anhydrase II and

lectin expression. The cell lines also express Pdxl, an important transcription factor for

pancreatic endocrine cell differentiation. The results shown for this invention indicate that

the immortalized pancreatic duct cells can function as pancreatic endocrine precursors.

[0036] An immortalized pancreatic duct cell line of the invention, designated 24-1

Duct and having ATCC Accession No. PTA-6968, was deposited with the Patent Depository

of the American Type Culture Collection (ATCC), 10801 University Blvd., Manassas, VA,

201 10, on August 25, 2005, under the provisions of the Budapest Treaty on the International

Recognition of the Deposit of Microorganisms for the Purposes of a Patent Procedure.

[0037] The invention provides methods to culture cells from pancreatic ducts

obtained from a mammal (such as a human, or a mouse) and convert them into hormone-

producing endocrine cells using adenoviral gene transfer.

[0038] The term "carrier" is used herein to refer to a pharmaceutically acceptable

vehicle for a pharmacologically active agent. The carrier facilitates delivery of the active



agent to the target site without terminating the function of the agent. Non-limiting examples

of suitable forms of the carrier include solutions, creams, gels, gel emulsions, jellies, pastes,

lotions, salves, sprays, ointments, powders, solid admixtures, aerosols, emulsions (e.g., water

in oil or oil in water), gel aqueous solutions, aqueous solutions, suspensions, liniments,

tinctures, and patches suitable for topical administration.

[0039] The term "about" is used herein to mean approximately, in the region of,

roughly, or around. When the term "about" is used in conjunction with a numerical range, it

modifies that range by extending the boundaries above and below the numerical values set

forth. In general, the term "about" is used herein to modify a numerical value above and

below the stated value by a variance of <20%.

[0040] The term "effective" is used herein to indicate that the inhibitor is

administered in an amount and at an interval that results in the desired treatment or

improvement in the disorder or condition being treated (e.g., an amount effective to reduce

body weight of a subject, or to reduce insulin resistance).

[0041] In some embodiments, the subject is a mammal. Nonlimiting examples of

mammals include: human, primate, mouse, otter, rat, and dog.

[0042] Pharmaceutical formulations include those suitable for oral or parenteral

(including intramuscular, subcutaneous and intravenous) administration. Forms suitable for

parenteral administration also include forms suitable for administration by inhalation or

insufflation or for nasal, or topical (including buccal, rectal, vaginal and sublingual)

administration. The formulations may, where appropriate, be conveniently presented in

discrete unit dosage forms and may be prepared by any of the methods well known in the art

of pharmacy. Such methods include the step of bringing into association the active

compound with liquid carriers, solid matrices, semi-solid earners, finely divided solid carriers

or combinations thereof, and then, if necessary, shaping the product into the desired delivery

system.

[0043] The following examples illustrate the present invention, and are set forth to

aid in the understanding of the invention, and should not be construed to limit in any way the

scope of the invention as defined in the claims which follow thereafter.

EXAMPLES



Example 1: Isolation, culture, and immortalization of murine pancreatic duct cells

[0044] Pancreatic duct cells are considered to be progenitors of pancreatic

endocrine cells in adult pancreas. The clarification of pancreatic duct cell differentiation and

the establishment of the methods to produce hormone-secreting cells from duct cells can

contribute to the development of new treatments for diabetes.

[0045] Pancreatic duct cell lines are useful tools for the study of duct cell

differentiation. Existing pancreatic duct cell lines are derived form pancreatic cancers and

are not suitable for differentiation studies. Conventional approaches to isolate primary

pancreatic duct cells from rodent have been described (Arkle et al., 1986). These approaches

used the rnicropuncture method on isolated duct structure from rats. However, intralobular

ducts (ductules) are too small to be collected by these manual approaches. Another problem

for isolating and purifying duct cells from pancreas is that because small ducts are basically

associated with acinar tissue, small vessels and connective tissue, it is considerably difficult

to exclude these associated components from duct cells.

[0046] The invention provides for newly established methods to isolate, select and

culture the pancreatic duct cells efficiently from mice and other mammals, such as humans.

Duct cells obtained using the methods of the invention have been cultured for at least 10

months and were confirmed to be spontaneously immortalized. Single cell cloning was

performed using limiting dilution methods and obtained 24 cell lines. Some of these cell

lines retained duct epithelial characteristics (cytokeratin, carbonic anhydrase II and lectin

expression). These cell lines express Pdxl, which is an important transcription factor for

pancreatic endocrine cell differentiation, suggesting that the cells have the potential to

function as pancreatic endocrine progenitors.

[0047] Isolation of pancreatic duct components from 2-month-old C57BL/6J

mice: Mice were anesthetized using pentobarbital sodium. A midline abdominal incision was

made and 3 ml of M199 medium containing lmg/ml collagenase P (Roche Molecular

Biochemicals) was injected into the common bile duct, then the swollen pancreas was

removed and incubated them at 370C for 17 min. Thereafter, 30 ml of ice-cold M199

medium containing 10% newborn calf serum (NCS) was added to stop the digestion reaction.

The digested pancreas was dispersed with 30 ml of the same medium. After rinsing with the

same medium twice, the tissue suspension was applied to a Spectra-mesh (408 µm ; Spectrum

Laboratories, Inc) to remove the through-passed small components including acinar tissue



and islets, then collected the remaining tissue on the mesh. Thereafter, the collected tissue

was resuspended in RPMI medium containing 10% FCS and 5.5 mM glucose and cultured

them at 37°C in 5% CO2.

[0048] One week later, cobblestone-like cells (typical morphology for duct

structure) were observed along with the spindle-like cells (typical for fibroblast structure) in

the cell culture. Culture was begun in. serum-free RPMI medium supplemented with 8 mM

glucose, lg/1 ITS (5 mg/1 insulin + 5 mg/1 transferring + 5 mg/1 selectin, Sigma), 2 g/1 BSA,

10 mM nicotinamide (Sigma) and 10 ng/ml keratinocyte growth factor (KGF). From this

time on, the serum-free medium was replaced every 4 days.

[0049] After 7 days of culture in the serum-free medium, fibroblast-like cells

stopped growing and detached from culture dishes, while cobblestone-like cells (presumably

duct cells) were still proliferating even in serum-free medium (Figurel).

[0050] After another week, the cell culture was immunostained with anti-

pancytokeratin antibody (Sigma) and identified cytokeratin-positive duct epithelial cells in

the culture (Figure 2).

[0051] After 8 weeks of culture in serum-free conditions, only duct cells remained

in the culture. This was confirmed by immunostaining with anti-pancytokeratin antibody

(Figure 3 upper panel). Cells were attached to culture dishes and looked healthy, but their

growth stopped, indicating that they were in a senescent phase. Therefore, fetal calf serum

(FCS) was supplied in the culture medium again. The medium supplemented with 10% FCS

and 5.5 mM glucose was refreshed every 4 days.

[0052] After 2 weeks of culture in serum-containing medium, cells resumed to

grow. The doubling time was 72 hrs. The cells-were passaged every 7 days at a ratio of 1:3

using 0.05% Trypsin / 0.02% EDTA.

[0053] The proliferation rate of the cells gradually increased. After ten passages,

the doubling time achieved to 24 hrs. The cells were passaged every 3 days at a dilution of

1:5.

[0054] To get a homogeneous population of the cells, single cell cloning was

conducted using the limiting dilution method.

[0055] As a result of single cell cloning, 24 independent cell lines were obtained.

From morphological observations, the cell lines were classified into two groups: i) purely



cobblestone-like cell lines, and ii) spindle-like cell lines. The growth rate was different

between two groups. The doubling time of group i) and ii) were 36 hrs and 18 hrs,

respectively.

[0056] Immunostaining was performed to characterize the cells. The cells in

group i) expressed cytokeratin (epithelial marker) but not vimentin (mesenchymal marker),

while the cells in group ii) expressed both cytokeratin and vimentin. Each clonal cell line was

passaged every 3 days at a ratio of 1:3 ~ 1:5. This stable rate of cell growth was maintained

through at least 50 passages, indicating that the cells had been immortalized (Figure 4).

[0057] Chromosomal analysis (karyotype) was performed on five representative

cell lines. As expected, all cell lines had abnormal chromosomes compared to normal mouse

chromosomes (N=42). Four of the five cells lines contained 74 chromosomes and one of the

five cell lines contained 44 chromosomes (Figure 5), indicating that these cell lines were

spontaneously transformed. These cell lines were named Spontaneously Immortalized

Pancreatic Duct Cells (SIPDC).

[0058] SIPDC were characterized by RT-PCR. SIPDC express duct cell markers

(cytokeratin 19 or carbonic anhydrolase II), but do not express endocrine (insulin, glucagon,

somatostatin or pancreatic polypeptide) or exocrine (amylase, trypsin or elastase) pancreatic

markers. SIPDC express two important transcription factors for endocrine cell differentiation

Pdxl (Figures 3 and 6) and Foxol (Figure 6).

[0059] To change the properties of duct cells into hormone-producing endocrine

cells, a mutant version of the forkhead transcription factor FoxOl was introduced (serine 253

of SEQ ID NO:2 was mutated to alanine). After a week in culture, duct cells expressing the

mutant FoxOl had begun to express genes that are typical of endocrine cells: IsIl, Nkx .l

and Nkx2.2, NeurodDl, and several others. The cells were positive for glucagon and

pancreatic polypeptide by immunohistochemistry. The cells do not express insulin, nor

somatostatin (Figure 7). These results show that SIPDC may act as progenitors of pancreatic

endocrine cells.

Example 2: Conversion of spontaneously immortalized pancreatic duct cells into
hormone-producing endocrine cells

[0060] To change the properties of duct cells into hormone-producing endocrine

cells, a mutant version of the forkhead transcription factor FoxOl was introduced into the

cells. Cells are incubated in serum-free culture medium for 16 hours. A 1 cc solution



containing packaged adenovirus is then added for 1 hour. Thereafter, the solution is

removed, cells are washed 3x with saline solution and complete culture medium containing

10% serum is added. The mutant FoxOl protein included alanine at position 253 instead of

the wild-type serine at position 253 of SEQ ID NO:2. Transfection was accomplished using

an adenovirus. After a week in culture, duct cells expressing the mutant FoxOl had begun to

express genes that are typical of endocrine cells: IsIl, Nkx .l and Nkx2.2, NeurodDl, and

several others. The cells were also positive for glucagon and pancreatic polypeptide by

immunohistochemistry. The cells do not express insulin or somatostatin (Figure 7). These

results show that the spontaneously immortalized pancreatic duct cells act as progenitors of

pancreatic endocrine cells.

[0061] While the foregoing invention has been described in some detail for

purposes of clarity and understanding, these particular embodiments are to be considered as

illustrative and not restrictive. It will be appreciated by one skilled in the art from a reading

of this disclosure that various changes in form and detail can be made without departing from

the true scope of the invention.



WHAT IS CLAIMED IS:

1. An immortalized pancreatic duct cell derived from a primary adult pancreatic

duct epithelial cell culture, wherein the immortalized cell expresses Pdxl and FoxOl.

2. The cell of claim 1, wherein the cell expresses pancreatic duct cell markers.

3. The cell of claim 2, wherein the pancreatic duct cell markers comprise

cytokeratin 16 and carbonic anhydrase II.

4. The cell of claim 1, wherein the cell does not express endocrine pancreatic

markers.

5. The cell of claim 4, wherein the endocrine pancreatic markers comprise

insulin, glucagon, somatostatin and pancreatic polypeptide.

6. The cell of claim 1, wherein the cell does not express exocrine pancreatic

markers.

7. The cell of claim 6, wherein the exocrine pancreatic markers comprise

amylase, trypsin and elastase.

8. The cell of claim 1, wherein the cell is a human cell.

9. An immortalized pancreatic duct cell derived from a primary adult pancreatic

duct epithelial cell, wherein the cell expresses mutated FoxOl.

10. The cell of claim 9, wherein the cells express endocrine pancreatic markers.

11. The cell of claim 10, wherein the endocrine pancreatic markers comprise IsI1,

Nkx .l, Nkx2.2, NeurodDl, glucagon and pancreatic polypeptide.

12. The cell of claim 9, wherein the mutated version of FoxOl contains a loss-of-

function mutation.



13. A pancreatic duct cell line designated 24-1 Duct having ATCC Accession No.

PTA-6968.

14. A method for treating beta cell failure, the method comprising administering

to a subject spontaneously immortalized pancreatic ductal cell line expressing mutated

FoxOl.

15. The method of claim 14, wherein the administering comprises infusion,

injection, incapsulation, or any combination thereof.

16. The method of claim 14, wherein the administering comprises transplanting a

sponge matrix comprising immortalized pancreatic ductal cells expressing mutated FoxOl or

SIPDC-derived hormone-producing cells.

17. A method for obtaining a pancreatic duct cell line, the method comprising:

(a) culturing pancreatic duct cells collected from a subject in medium

comprising about 10% serum and 5.5 mM glucose for about a week;

(b) culturing the cells in a medium comprising (i) about 8 mM glucose; (ii)

about 1 g/L ITS (about 5 mg/1 insulin and about 5 mg/1 transferrin and about 5 mg/1

selectin), (iii) about 2 g/1 albumin, (iv) about 10 mM nicotinamide, and (v) about 10

mg/ml keratinocyte growth factor, for about at least another week until the culture

comprises nearly all duct cells;

(c) culturing the duct cells with the medium of step (b) further comprising

about 10% serum and about 5.5 mM glucose;

(d) passaging the cells of step (c) until the cells' doubling time reach about

24 hours; and

(e) cloning a single cell from the cells of step (d) so as to obtain a

pancreatic duct cell line.
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SEQUENCE LISTING

<110> The Trustees of Columbi a University i n the city of New York

<120> GENERATION OF PANCREATIC ENDOCRINE CELLS FROM PRIMARY DUCT CELL
CULTURES AND METHODS OF USE FOR TREATMENT OF DIABETES

<130> 19240. 327-WOl

<150> US 60/711,591
<151> 2005-08-26

<160>

<170> Patentin version 3.3

<210> 1
<211> 4945
<212> DNA
<213> Mus musculus

<400> 1
gcccgctgca gatcccgtaa gacgggagtc tgcggagtcg cttcagtccc cgccgccgcc 60

acattcaaca ggcagcagcg ccgctgtcgc gcggccgcgg agagctagag cggcccgcag 120

cgtccgcccg tctgccttgg cgtccgcggc ccttgtcagc gggagcgcgg tgcccgagct 180

gccgggctcc gcggcctggt cggtgccccg tcctaggcac gaactcggag gctccttaga 240

caccggtgac ccagcgaagt taagttctgg gcgcgtccgt ccgctgcgcc ccgccgcgcc 300

tgactccggc gtgcgtccgc cgtccgcggc cccccaatct cggagcgaca ctcgggtcgc 360

ccgctccgcg cccccggtgg ccgcgtctcc cggtacttct ctgctggtgg gggaggggcg 420

ggggcaccat ggccgaagcg ccccaggtgg tggagaccga cccggacttc gagccgctgc 480

cccggcagcg ctcctgtacc tggccgctgc ccaggccgga gtttaaccag tccaactcga 540

ccacctccag tccggcgccg tcgggcggcg cggccgccaa ccccgacgcc gcggcgagcc 600

tggcctcggc gtccgctgtc agcaccgact ttatgagcaa cctgagcctg ctggaggaga 660

gtgaggactt cgcgcgggcg ccaggctgcg tggccgtggc ggcggcggct gcggccagca 720

ggggcctgtg cggggacttc cagggccccg aggcgggctg cgtgcaccca gcgccgccac 780

agcccccacc gaccgggccg ctgtcgcagc ccccacccgt gcctccctcc gctgccgccg 840

ccgcggggcc actcgcggga cagccgcgca agaccagctc gtcgcgccgc aacgcgtggg 900

gcaacctgtc gtacgccgac ctcatcacca aggccatcga gagctcagcc gagaagaggc 960

tcaccctgtc gcagatctac gagtggatgg tgaagagcgt gccctacttc aaggataagg 1020

gcgacagcaa cagctcggcg ggctggaaga attcaattcg ccacaatctg tcccttcaca 1080

gcaagtttat tcgagtgcag aatgaaggaa ctggaaagag ttcttggtgg atgctcaatc 1140

cagagggagg caagagcgga aaatcacccc ggagaagagc tgcgtccatg gacaacaaca 1200

gtaaatttgc taagagccga gggcgggctg ctaagaaaaa agcatctctc cagtctgggc 1260

aagagggtcc tggagacagc cctgggtctc agttttctaa gtggcctgcg agtcctgggt 1320

cccacagcaa cgatgacttt gataactgga gtacatttcg tcctcgaacc agctcaaatg 1380
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ctagtaccat cagtgggaga ctttctccca tcatgacaga gcaggatgac ctgggagatg 1440

gggacgtgca ttccctggtg tatccaccct ctgctgccaa gatggcgtct acgctgccca 1500

gtctgtctga aatcagcaat ccagaaaaca tggagaacct tctggataat ctcaaccttc 1560

tctcgtcccc aacatcttta actgtgtcca cccagtcctc gcctggcagc atgatgcagc 1620

agacaccatg ctattcgttt gcaccgccaa acaccagtct aaattcaccc agtccaaact 1680

actcaaagta cacatacggc caatccagca tgagcccttt gccccagatg cctatgcaga 1740

cacttcagga cagcaaatca agttacggag gattgaacca gtataactgt gccccaggac 1800

tcttgaaaga gttgttgact tctgactctc ctccccacaa tgacattatg tcaccggttg 1860

atcccggagt ggcccaaccc aacagtcggg tcctgggcca aaatgtaatg atgggcccta 1920

attcggtcat gccagcgtat ggcagccagg catctcataa caaaatgatg aaccccagct 1980

cccacaccca ccctggacat gcacagcaaa cggcttcggt caacggccgt accctgcccc 2040

atgtggtgaa caccatgcct cacacatctg ccatgaaccg cttgaccccc gtgaagacac 2100

ctttacaagt gcctctgtcc caccccatgc agatgagtgc cctgggcagc tactcctcgg 2160

tgagcagctg caatggctat ggtaggatgg gtgtcctcca ccaggagaag ctcccaagtg 2220

acttggatgg catgtttatt gagcgcttgg actgtgacat ggagtccatc attcggaatg 2280

acctcatgga tggagatacc ttggatttta actttgataa tgtgttgccc aaccaaagct 2340

tcccacacag tgtcaagact acaacacaca gctgggtgtc aggctaagag ttagtgagca 2400

ggctacattt aaaagtcctt cagattgtct gacagcagga actgaggagc agtccaaaga 2460

tgcccttcac ccctccttat agttttcaag atttaaaaaa aaaaaaaaaa aaaaaaaaag 2520

tcctttctcc tttcctcaga cttggcaaca gcggcagcac tttcctgtgc aggatgtttg 2580

cccagcgtcc gcaggttttg tgctcctgta gataaggact gtgccattgg gaatcattac 2640

aatgaagtgc caaactcact acaccatgta attgcagaaa agactttcag atcctggagt 2700

gctttcaagt tttgtatata tgcagtagat acagaattgt atttgtgtgt gtgtttttta 2760

atacctactt ggtccaagga aagtttatac tcttttgtaa tactgtgatg gtctcaagtc 2820

ttgataaact ttgctttgta ctacctgtgt tctgctacag tgagaagtca tgaactaaga 2880

tctctgtcct gcacctcggc tgaatgactg aacctggtca tttgccacag aacccatgag 2940

agccaagtag ccagtgatca atgtgctgaa ttaatggact tgtcaaactt tggggcagaa 3000

taagattaag tgccagcttt gtacaggtct ttttctattg tttttgttgt tgtttatttt 3060

gttatttgca aatttgtaca aacaacttaa aatggttcta atttccagat aaatgacttt 3120

tgatgttatt gttaggactc aacatctttt ggaatagata ccgaagtgta atgttttctt 3180

aaaactagag tctactttgt tacattgtct gcttataaat ttgtgaaatc agaggtattt 3240

gggggctgca ttcataattt tcattttgta tttctaactg gattagtact aattttatat 3300

gtgctcagct ggtttgtaca ctttgcgatg atacctgata atgtttctga ctaatcgtaa 3360

accattgtaa ttagtacttg cacactcaac gttcctggcc ctttgggcag gaaagttatg 3420
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tatagttaca gacactctgt tttgtgtgta gatttatgtg tgtattttaa agaaatttca 3480

cctgctttta ttaccctgtg agttgtgtac agcgcatagc accaagtctt cagatagatg 3540

ccacgtgctt acagccttct agggaagcct gccagatgat gccctgtgtc acgctgtcat 3600

agttcccatg ggaactctgt ctgtcgctca ggaaagggga acttttatct aaggtgatgt 3660

tctttgtctg actggggttc gcctcctact actctgagct gttggctttt gtcacgatgg 3720

aggtggcttt gtggctctgt cctggaagaa tcctgtcact tctcggtccc cacctctgtt 3780

ctctttggct ctgaacagtg taaatctaag gaggaagttt acaaatagga cttcagtgat 3840

ttatggagtg ctctgtgcgc ctaagtacag acagtggcag gattagttaa aaatgaaggc 3900

agtaaacttg gaaaccagcc agctataaat ggacatttat tttgaaatcc ttagcttaag 3960

aatttgagaa gttttttcag ccttgagcag cctaatgtgt ctcaaacatt tacgtttttt 4020

atacattcta tttacctgaa atcctgccag accaggataa ttggttttac ctctcattcc 4080

gtccatcggt gtttcccagt ctcccacagt ttgaggaata gatgtacccc agcacccctc 4140

tttgccttta tgagaaggcc tggtttgcat gagaagacca aattgcactt ccatgagaag 4200

accaaattgt ttgtagtgtt acttagctct cccctcgttt gttagtgtgt gttaacaaga 4260

ataaaatgtc cctgctttca cccaccgttg gccagctttg tcataggctt cccaccataa 4320

ctttcactat tttaaacaca tattgagcca ctgctcgtct gactaccttt gtttgggcac 4380

tccaaaacag gacttgtttt agaaatgaac tcctccaagt agagcctcct tcaaacagag 4440

tagaatttcc tggtgtcaaa gaacccgggt ctgtctccct ttcctcctcc ctctgccatt 4500

tcttaccatt gcggaaagag agagcctccg tgtgtaatca ttcagtagag gcagctaccg 4560

ccctggcagt ggtctacctg ctgaatgcca ctgaatgact aggaggtgtc tctcccttca 4620

gaagctgtca atttcagcag caacccctgt tttccttggt gttaagatcc cagtgtgaat 4680

catgggcagt tgtctggggc acagtgaact ccaggaaagg cttcgtatct gttttgaaaa 4740

caaacatcaa acgtgtgagc tccgagggtc cttttctggg agaatgttcg ctttctggtc 4800

tattattgta catgattgct ctgtgaaaag acttcatcta tgcagccttg tttgattcat 4860

ttcctttggt gtgttctgtt gttaagagca aattgtatta tagagctatt tggatatttt 4920

aaatataaag atgtattgtt tccat 4945

<210> 2
<211> 652
<212> PRT
<213> Mus tnusculus

<400> 2

Met Ala Gl u Ala Pro Gi n VaI VaI Gl u Thr Asp Pro Asp Phe Gl u Pro
1 5 10 15

Leu Pro Arg Gin Arg Ser cys Thr Trp Pro Leu Pro Arg Pro Gl u Phe
20 25 30
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Asn Gin Ser Asn ser Thr Thr Ser ser Pro Ala Pro Ser Gly Gly Ala

35 40 4 5

Ala Ala Asn Pro Asp Ala Al a Ala ser Leu Ala Ser Ala ser Ala VaI
50 55 60

ser Thr Asp Phe Met ser Asn Leu ser Leu Leu Gl u Gl u ser Gl u Asp
65 70 75 80

Phe Ala Arg Ala Pro Gly cys VaI Ala VaI Ala Ala Ala Al a Al a Ala
85 90 95

Ser Arg Gly Leu Cys Gly Asp Phe Gin Gly Pro Gl u Ala Gly cys VaI
100 105 110

Hi s Pro Ala Pro Pro Gin Pro Pro Pro Thr Gly Pro Leu ser Gi n Pro
115 120 125

Pro Pro VaI Pro Pro ser Ala Ala Ala Ala Ala Gly Pro Leu Ala Gly
130 135 140

Gin Pro Arg Lys Thr Ser Ser Ser Arg Arg Asn Ala Trp Gly Asn Leu
145 150 155 160

Ser Tyr Ala Asp Leu lie Thr Lys Ala l i e Gl u Ser Ser Ala Gl u Lys
165 170 175

Arg Leu Thr Leu Ser Gi n lie Tyr Glu Trp Met VaI Lys Ser VaI Pro
180 185 190

Tyr Phe Lys Asp Lys Gly Asp Ser Asn ser ser Ala Gly Trp Lys Asn
195 200 205

Ser lie Arg Hi s Asn Leu ser Leu Hi s ser Lys Phe lie Arg VaI Gi n
210 215 220

Asn Glu Gly Thr Gly Lys Ser Ser Trp Trp Met Leu Asn Pro Gl u Gly
225 230 235 240

Gly Lys ser Gly Lys Ser Pro Arg Arg Arg Ala Ala ser Met Asp Asn
245 250 255

Asn ser Lys Phe Ala Lys Ser Arg Gly Arg Ala Ala Lys Lys Lys Ala
260 265 270

Ser Leu Gin Ser Gly Gin Glu Gly Pro Gly Asp Ser Pro Gly Ser Gi n
275 280 285

Phe ser Lys Trp Pro Ala ser Pro Gly ser Hi s ser Asn Asp Asp Phe
290 295 300
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Asp Asn Trp Ser Thr Phe Arg Pro Arg Thr ser Ser Asn Ala ser Thr
305 310 315 320

H e ser G y Arg Leu ser Pro H e Met Thr Glu Gin Asp Asp Leu Gly
325 330 335

Asp Gly Asp VaI His Ser Leu VaI Tyr Pro Pro Ser Ala Ala Lys Met
340 345 350

Ala ser Thr Leu Pro ser Leu Ser Glu lie ser Asn pro Glu Asn Met
355 360 365

Glu Asn Leu Leu Asp Asn Leu Asn Leu Leu ser Ser pro Thr ser Leu
370 375 380

Thr VaI ser Thr Gin ser ser Pro Gly ser Met Met Gin Gin Thr Pro
385 390 395 400

cys Tyr ser Phe Ala Pro Pro Asn Thr ser Leu Asn Ser Pro ser Pro
405 410 415

Asn Tyr ser Lys Tyr Thr Tyr Gly Gin ser ser Met Ser Pro Leu Pro
420 425 430

Gin Met Pro Met Gin Thr Leu Gin Asp ser Lys Ser ser Tyr Gly Gly
435 440 445

Leu Asn Gin Tyr Asn cys Ala Pro Gly Leu Leu Lys Glu Leu Leu Thr
450 455 460

Ser Asp ser Pro Pro His Asn Asp lie Met Ser Pro VaI Asp Pro Gly
465 470 475 480

VaI Ala Gin Pro Asn ser Arg VaI Leu Gly Gin Asn VaI Met Met Gly
485 490 495

Pro Asn Ser VaI Met Pro Ala Tyr Gly ser Gin Ala Ser His Asn Lys
500 505 510

Met Met Asn Pro ser ser His Thr His Pro Gly His Ala Gin Gin Thr
515 520 525

Ala Ser val Asn Gly Arg Thr Leu Pro His VaI VaI Asn Thr Met Pro
530 535 540

His Thr Ser Ala Met Asn Arg Leu Thr Pro VaI Lys Thr Pro Leu Gin
545 550 555 560

VaI Pro Leu ser His Pro Met Gin Met ser Ala Leu Gly Ser Tyr Ser
565 570 575
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Ser VaI Ser ser Cys Asn Gl y Ty r Gl y Arg Met Gl y VaI Leu Hi s Gin

580 585 590

Gl u Lys Leu Pro Ser Asp Leu Asp Gly Met Phe lie Gl u Arg Leu Asp
595 600 605

cys Asp Met Glu ser lie lie Arg Asn Asp Leu Met Asp Gly Asp Thr
610 615 620

Leu Asp Phe Asn Phe Asp Asn VaI Leu pro Asn Gin Ser Phe Pro Hi s
625 630 635 640

Ser VaI Lys Thr Thr Thr His Ser Trp VaI Ser Gly
645 650
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