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LAMININ 5 FOR GROWTH OF PANCREATIC ISLET CELLS

Field of the Invention

The present inventian relates to the enhanced growth of pancreatic isiet cells by cantacting the cells with

a laminin 5 soluble or insoluble extracellular matrix.
Background of the Invention

When organs of the body are formed, they develop in neatly organized arrays. Often, cell types are
separated by connective tissue called basement membranes. In skin, for instance, the superficial layer of epidermal
cells adheres to the underlying basement membrane. This skin basement membrane acts as a barrier between the
epidermal cells on the outside, and the dermal cells underneath. A similar arrangement of cells occurs in the lining
of the gut and in the oral cavity.

Basement membranes have been implicated in the growth, attachment, migration, repair and differentiation
of their overlying cell populations. Three layers have been defined in basement membranes: a} the lamina lucida,
an electranmicroscopically clear region in close approximation to the overiying cells; b) the lamina densa, an electron
dense region of 20-300 nm in width; and c} the subiamina densa which contains anchoring fibrils, microfibrillar
bundles and collagen fibers.

Many different types of compounds have now been localized to the basement membrane. Some of these
compounds are laminin, collagen IV and heparin suifate protecglycans (Verrando et al., Exp. Cell Res., 170:116-128,
1987). In addition, specific basement membranes include other biologically active compounds, such as nidogen and
entactin.

One major cell adhesion receptor which epidermal celis use to attach to the basement membrane is called
agBy. This transmembrane receptor is formed by a combination of two protein moieties ag and B, which are
derived from different genes. These genes are members of the integrin ceil adhesion receptor superfamily.

Many epithelial cells interact with the underlying extracelluiar matrix, a netwark of proteins to which ceils
attach, via a junction called the hemidesmosome (Staehelin, (1974) Structure and Function of Intercellular Junctions,
Department of Molecular, Celiular and Developmental Biology, University of Colorado, Boulder, CO, 191-283}). The
hemidesmosome, with its anchored structures including intermediate filaments and anchoring fibrils, forms an adhesion
complex.

When cuitured on tissue cuiture plastic /in vitro, most epithelial cells do not assemble bona fide
hemidesmosomes despite the fact that they appear to express all of the necessary plague and hemidesmosomal
components. The 804G and NBT-Il rat bladder carcinoma cell lines are capable of assembling hemidesmosomes /n
vitra under standard culture conditions (Riddelle et al., (1891} J. Cel Biol, 112:159-168; Hieda et al., {1992), J.

Cell Bigl., 116:1487). It has also been reported that substratum-induced staining by anti-hemidesmosome antibodies

“is greatly diminished in 804G cell cultures that enter jn vitro wound sites (Riddelle et al., {(1992) /. Cell Sci.,

103:475-490).
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As described in Langhofer et al. {/. Celf Sci, 108:753-764, 1993) and in U.S. Patent No. 5,541,106, when
epithelial celis unable to themselves form hemidesmosomes are piated on the cell matrix deposited by 804G rat
bladder carcinoma cells, hemidesmosaome formation is induced.

In addition, U.S. Patent No. 5,422,264 discloses that a soluble matrix equivalent produced by 804G celis
can aiso induce attachment and hemidesmosome formation in cells contacted with the soluble matrix. The 804G
matrix and soluble matrix equivalent contain the same major protein components. These proteins exhibit significant
similarity to human merosin, a laminin A isoform, and to Jrosophia laminin A.

U.S. Patent No. 5,510,263 discloses the enhanced growth of pancreatic isiet cells cultured on the 804G
and NBT-1I extracellular matrices.

Rouseile et al. {/ Cell Biol, 114:567-576, 1991} and Burgeson et al. (PCT W092/17498: PCT
W084/05316) describe a molecule called kalinin which is secreted into the culture medium by human keratinocytes
and enhances cell attachment. Carter et al. {Ce/, 65:539-610, 1991; PCT W095/06660) describe an epithelial ligand
complex called epiligrin found in the extracellular matrix of human keratinocytes. In addition, a basement membrane
glycoprotein called BMBOO is secreted into the culture medium of human keratinacytes (Verrando et al., Biochim.
Biophys. Acta., 942:45-56, 1988; Hsi et al., Placenta 8:209-217, 1987). Although kalinin and epiligrin stimulate
adhesion of cells to a substrate, they have not been reported to induce formation of hemidesmosomes or to stimulate
growth of pancreatic islet cells.

Nearly two million Americans are afflicted with Type | (insulin-dependent) diabetes, in which the pancreas
has lost its ability to secrete insulin due to an autoimmune disorder in which the insulin-secreting beta cells, found
within the islet cells of the pancreas, are destroyed. Although insulin injections can compensate for beta cell
destruction, blood sugar levels can still fluctuate dramatically. The impaired ability to take up glucose from the blood
results in side reactions in which toxic products accumulate, leading to complications inciuding blindness, kidney
disease, nerve damage, and, uitimately, coma and death.

Researchers have tried smaller, more frequent doses of insulin and mechanical pumps which mimic the action
of the pancreas, but the results have been far from ideal. Anather option, pancreatic transplant, requires major
surgery and is accompanied by many complications. In addition, the limited number of donor pancreases leaves a
significant number of diabetics without hope for transplantation.

The most promising option thus far is islet cell transplantation using tissue derived from either cadavers
or human fetuses. This procedure has had moderate success. Among the transplants from cadavers performed
worldwide, the transplanted tissue survived for a full year in about 20% of recipients. Ten of these recipients are
now insulin-independent, while others have a greatly reduced need for insulin. The main preblems associated with

islet cell transplantation inciude rejection by the immune system and the autoimmune disorder which caused the

" disease in the first place which, if left unchecked, will also destroy the transplanted islet cefls. In addition, the

expansion of adult pancreatic islet cells in culture has not been attained.
Fetal pancreatic tissue has also been used as a source of isiet cells (Voss et al., Transplantation Proc., 21:

2751-2756, 1989). Earlier attempts at culturing pancreatic islet cells were complicated by fibroblast contamination
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(Leach et al., J. Endocrinol., 59: 65-79, 1973). Although partially digested fetal pancreas has been used to produce
pancreatic islet-like cell clusters (ICCs), the clinical use of these clusters is limited because only 100-200 can be
obtained per pancreas (Sandler et al., Diabetes, 34: 1113-1119, 1985; Otonkoski et al., Acta. Endocrinol., 118: 68-
76, 1988). Kover and Moore (Diabetes, 38: 917-924, 1989) obtained 200-300 islets from a 17 week fetal pancreas,
still not enough to be clinically useful. Finally, Simpson et al. (Diabetes, 40: 800-808, 1991) generated insuiin-
secreting, fibroblast-free monolayers of human fetal pancreas plated on bovine corneal matrix, although adequate
numbers of cells for clinical transplantation could not be obtained. Although only a small number of cells within the
clusters stained positively for the different pancreatic hormones, they differentiated efficiently into mature endocrine
celis following transplantation into nude mice (Sandler et al., Diabetes, 34: 1113-1119, 1985).

Peck et al. (PCT W095/29988) disclose the culturing of pluripotent pancreatic stem cells in vitro. After
several weeks, a stromal cell layer was formed. Islet cell differentiation was initiated by refeeding with high amino
acid medium supplemented with homologous normal serum containing glucose. After an additional growth period,
functional islet cells were recovered by standard technigues.

Thus, there is a need for a simple, reproducible, efficient method of expansion of the pool of available
pancreatic islet cells for transplantation into diabetic patients. The present inventicn satisfies this need.

Summary of the invention

One embodiment of the present invention is a method of growing cells of pancreatic islet-like cell clusters
(ICCs), comprising the step of culturing the ICCs in culture media in contact with laminin 5, with the proviso that
the laminin 5 is not rat faminin 5. Preferably, the ICCs are from a mammai; most preferably, they are from a human.
Advantageously, the laminin 5 is kalinin or epiligrin. In another aspect of this preferred embodiment, the faminin 5
is the extracellular matrix obtainable from MCF 10A cells. Advantageously, the laminin 5 is of human origin.
Preferably, the ICCs are expanded at least 5 fold and the expanded ICCs secrete insulin.

The present invention aiso provides pancreatic ICCs prepared as described abave.

Another embodiment of the invention is a method of treating Type | diabetes in a patient in need thereof,
comprising the step of administering to the patient an effective insulin-producing amount of the pancreatic ICCs
produced as described above. Preferably, the administering step is by implantation under the kidney capsule.
Further, the ICCs may be placed in an immunoprotective barrier prior to implantation. Alternatively, the administering
step is by direct injection into the liver. Preferably, the effective insulin-praducing amount is between about 2 x 109
and about 8 x 10° ICCs.

Another embodiment of the invention is the use of an effective insulin-producing amount of the ICCs of
Claim 8 for treatment of Type | diabetes in a patient in need thereof.

Detailed Description_of the Invention

The present invention includes the discovery that certain cell lines produce an extracellular matrix that is
capable of stimulating growth of adult pancreatic islet cells cultured thereon. One such cell line is the rat bladder
carcinoma cell line 804G. This cell line is described by lzumi, et al, Cancer Res. (1981); 41:405-408, and is
maintained as a Budapest Treaty patent deposit with the American Type Culture Collection (ATCC), Rockville, MD,
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under accession number ATCC 11555, made February 24, 1994. Another such cell line is the rat bladder carcinoma
cell line NBT-li which is maintained as a Budapest Treaty patent deposit with ATCC under accession number ATCC
11556 made February 24, 1994.

Human keratinocytes also secrete extracellular matrix molecules structurally similar to those secreted by
804G cells, as does the human mammary epithelial cell ine MCF 10A which is also available from ATCC (ATCC CRL
10317). This cell line is described by Soule et al. (Cancer Res., 50:6075-6086, 1990) and Tait et al. (Cancer Res,
50:6087-6094, 1991).

It is also contemplated that other structurally and functionally similar laminin-like 804G extraceltular matrix
proteins will also enhance the growth of pancreatic islet cells cuftured thereon. Such molecules are calied "laminin
5" and include BMB0O, kalinin and epiligrin produced by human keratinocytes as well as the solublefinsoluble matrix
produced by MCF 10A cells.

As described in U.S. Patent No. 5,541,106, ultrastructural data have been developed demonstrating that
the 804G matrix is capable of inducing a number of cells to develop mature hemidesmosomes and attach to their
growth substrate. Further, it has been discovered that the 804G extracellular matrix contains iaminin-like molecules
that participate in hemidesmosome assembly. Three of these molecules have been cloned from a rat 804G cDNA
library and encode proteins of 150, 140 and 135 kDa.

Thus, the matrix produced by such cells as 804G and NBT-ll cells can modulate the organization of
hemidesmosomal antigens in unrelated cells maintained upon it. This effect appears specific to hemidesmosomal
elements since adhesion plaque components do not obviously change their localization in cells maintained upon the
matrix.

The expansion of adult pancreatic islet cells either /7 vitro or in vivo has not been previously demonstrated.
Although methods related to expansion of pancreatic isiet cells by culturing on laminin 5 are specifically disclosed,
it can be appreciated that any cell matrix having the ability to support pancreatic isiet cell expansion thereon is
within the scope of the present invention, regardiess of its ability to stimulate hemidesmosome formation. Such
faminin 5 matrices include kalinin, epiligrin, MCF 10A matrix and BMB0O. Because the extracellular matrix secreted
by both 804G and NBT-Ii cells contains the same protein components as determined by immunoblotting experiments,
the NBT-Il matrix is also expected to support the expansion of mature pancreatic islet cells. However, only the
804G, NBT-Il and MCF 10A matrix induce formation of hemidesmosomes in epithelial cells cultured thereon.

One preferred embodiment of the present invention is the growth of increase numbers of pancreatic islet-like
cell clusters (ICCs). For example, fetal pancreatic ICCs may be grown in vitro in the presence of laminin 5 for
transplantation into diabetic patients. The laminin 5 will increase the yield of fetal ICCs for transplantation and will

thus solve the established need for greater numbers of these cells. Expansion of 5, 10, 50, 100, 500, 1000 or more

" times is possible with the present invention.

The resuiting cell clusters will differentiate into functional pancreatic endocrine cells after transplantation
into mammals, preferably humans, and will reduce or eliminate the need for insuiin injections. it should be noted

that the term "laminin 5" is used to generically refer to any of the 804G structurally-related cell matrix molecules



10

15

20

25

30

35

WO 97/37003 PCT/US97/05194
5.

capable of stimulating the growth of pancreatic islet cells and the term "adult pancreatic islet celis” refers to those
fully differentiated pancreatic cells capable of secreting insulin. As defined herein, 8046 matrix comprises ene or
more protein components deposited by 804G rat bladder carcinoma cells which faciiitates growth of pancreatic islet
cells. The term "804G soluble matrix” refers to the soluble matrix equivalent secreted by 804G cells into the culture
medium. Structurally equivalent soluble matrices inciude kalinin and the soluble matrix secreted by MCF 10A celis.

A substrate upon which pancreatic islet celis are to be grown is coated with the matrix deposited by or
soluble matrix secreted by 804G cells; with 804G conditioned medium, or with any of the other structurally and
functionally similar molecules described herein. The 8046 matrix is isolated as described in U.S. Patent No.
5,541,106. Purification of the soluble matrix from 804G conditioned medium is described in U.S. Patent No.
5,422,264. Kalinin and epiligrin are present in the conditioned medium of human keratinocytes. The conditioned
medium itself may be used as a source of kalinin and epiligrin. Kalinin may be immunopurified from conditioned
medium using an immunoaffinity column directed against its BM165 antigen (Rouselle et al., J. Cell Biol, 125:205-
214, 1894). Epiligrin is also present in the cell matrix secreted by human keratinacytes and may be isolated by a
three-step extraction procedure comprising 1% wiv TRITON x-100° to solubilize membrane and cytoplasmic
components; 2 M urea and 1 M NaCl to remove nuclear and cytoskeletal components; and 8 M urea to solubilize
residual components. 0.5% (wlv) sodium dodecyl sulfate (SOS) is then added and the matrix removed by scraping
(Carter et al., Cel, 65:599-610, 1991; PCT W095/06660). MCF 10A matrix is isolated as described in Example 1.
It will be appreciated that any soluble or insoluble cell matrix having the ability to support pancreatic ICC cell
adhesion and expansion is within the scope of the present invention.

The cells to be grown are then plated on or applied to the matrix-coated substrate using standard tissue
culture techniques, followed by expansion by passaging in standard cell growth medium. Any medium capable of
supporting the enhanced growth of adult islet cells on the matrix-coated substrate is within the scope of the
invention. Such cells, including human cells /7 vitro and in vivo, will grow in an organized fashion on the substrate
and will exhibit significantly enhanced growth compared to pancreatic islet cells grown on conventional matrices such
as bovine corneal matrix (BCM). It appears that the organization of islet cells growing on the 804G matrix is
significantly more advanced and more tissue-like than cells grown in the absence of 804G matrix.

The islet celis can be removed from the original substrate and transferred to several new substrates coated
with laminin 5, allowing large-scale expansion of these cells. The cells are tested for their ability to respond to a
glucose challenge by measuring the levels of insulin secreted into the culture medium by well known methods. After
culturing, the cells can be re-aggregated into three-dimensional structures and either placed into an immunoprotective
barrier such as sodium alginate, holiow fibers or polyethylene glycol (Lonza et al., Transplantation, 56:1067-1072,
1893; Iwata et al., J. Biomed. Matarials Res., 28:1003-1011, 1994 or directly implanted /7 vivo for treatment of
diabetes. The cells are also analyzed for insulin content by ELISA or radisimmunoassays known to one of ordinary
skill in the art.

The substrate on which pancreatic islet cells are grown may be any desired substrate. For laboratory use,

the substrate may be as simple as glass or plastic. Alternatively, any suitable substrate may be used, including
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various shaped articles, fabrics, prosthetic implants, and the like. For use / vivo, the substrate may be any
biologically compatible material on which pancreatic istet cells can grow. Suitable substrate materials may include
shaped articles made of or coated with such materials as coliagen; regenerated collagen; polylactic acid; hyaluronic
acid; biocompatible metals such as stainless steel and titanium; ceramic materials including prosthetic materials such
as hydroxylapatite; synthetic polymers, including polyesters and nylons; biological materials that are actually part of
a patient, such as connective tissue and other organs, and virtually any other material to which biological molecules
can readily adhere.

Fetal pancreatic islet celis may be grown /7 vitro in the presence of laminin 5 for transplantation into
diabetic patients. Growth of fetal pancreatic islet cells in the presence of laminin 5 increases the yield of isiet cells
for transplantation and thus solves the long feit but unsolved need of producing larger amounts of these cells. Since
the matrix secreted by the NBT-Il rat bladder carcinoma cell line contains the same protein components found in the
matrix secreted by 804G cells, its use as a substrate for the growth of pancreatic islet cells is advantageously
envisioned, as is any such "804G" matrix protein, including ail such proteins secreted by cell lines which are capabie
of enhancing the growth of pancreatic islet cells. In addition, it is contemplated that the inciusion of growth factor
in the adult isiet cell culture medium will further increase the yield of islet cells.

The resulting islet cells are fully functional after transplantation into mammals, preferably humans, and will
reduce or eliminate the need for insulin injections. It is envisioned that after routine optimization of the growth
conditions, an even greater increase in the number of ICCs can be obtained.

The 804G matrix of the present invention comprises three concanavalin-binding glycosylated proteins, of
approximately 135 kD, 140 kD and 150 kD, all of which are recognized by polyclonal antibodies raised against the
804G matrix. The methods of the present invention may be practiced with the complete, active matrix from 804G
cells or a functionaily equivaient "804G" matrix from other cells, and may also be practiced with any one of the
individual proten components of the matrix which promote enhanced islet cell growth. The same statement applies
to the individual protein components of any of the other laminin 5 molecules described herein. Cell matrix and matrix
proteins can be readily screened for the ability to enhance growth of pancreatic islet cells, using the techniques
described herein. Only routine experimentation is reguired.

In addition to the active molecules and the active components thereof, the present invention also includes
shaped articles coated with those materials. Preferably, those shaped articles are formed of materials other than
glass, and include such forms as sheets, fabrics, prostheses, metal articles, bioerodible articles, and implantable
articles.

The extracellular matrix may be harvested (as by scraping, abrading, or treatment with low concentrations
of SDS) from surtaces on which appropriate matrix-depositing cells have been grown (See U.S. 5541,106).
Alternatively, the matrix materials may be prepared synthetically or through recombinant DNA techniques using, for
example, murine or human cDNA libraries, or through purification of deposited matrix material. The extracellular
matrix may also be isolated in soluble form by harvesting the conditioned medium from 804G, NBT-Il, MCF 10A or

human keratinocytes which is may be used to coat substrates on which the islet cells are cultured. Moreover, the
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particular molecule of interest may be purified and used to coat the substrate. The extracellular matrix deposited
by the cell lines may also be used after removal of the cells, without further processing or purification. In this
embodiment, islet cells are cultured on the matrix directly after removal of 804G or NBT.-If cells from the matrix.
Soluble and insoluble iaminin § is isolated from MCF 10A cells as described in the following example.
Example 1

Isolation of laminin 5 from MCF 10A celis

The insoluble matrix was prepared from five day old MCF 10A cultures as described for 804G cells in U.S.
Patent No. 5,541,106. Briefly, cefl monolayers were washed in phosphate buffered saline {PBS), then treated for
about five minutes with 20 mM NH,0H. Cell remnants were washed from the substrate with PBS.
Example 2
Human fetal pancreas is minced into 1 mm pieces in cold Hanks’ balanced salt solution (HBSS) and digested
with coliagenase P by shaking vigorously for 15 min in a water bath at 37°C. After several washes at 4°C with
HBSS, the digested tissue is washed with cold HBSS and placed into petri dishes in RPMI-1640 medium containing
10% pooled human serum and antibiotics for three days. Optionally, a growth factor is present during this procedure.
Approximately 50 ICCs of uniform size (50-75 um diameter) and homogeneous transtucent appearance are
hand picked and plated on tissue cuiture dishes coated with either 804G matrix, kalinin, epiligrin, MCF 10A matrix,
bovine corneal matrix or no matrix in RPMI-1640 containing 15% horse serum, 5% FCS, antibiotics and, optianally,
a growth factor. ICCs attach overnight and monolayer formation is generally initiated by 24 hours. A significant
increase is ohserved in the number of ICCs plated on any of the laminin 5 matrices compared to either no matrix
or to bovine corneal matrix.
To determine whether these fetal endocrine cells are capable of differentiating into insufin-producing cells
in vivo, ICCs are transplanted as described below.
Example 3
Transptantation of ICCs inte nude mice
ICCs obtained according to Example 2 are transplanted under the kidney capsule of athymic nude mice
(approximately 500 ICCs per mouse) and the gratts are analyzed after 3 months. An increased fevel of human C-
peptide, released into the blood after processing of the insulin precursor molecule, is detected in the biood of grafted
animals by radioimmunoassay after an intraperitoneal glucose challenge indicating that the grafted cells are able to
produce insulin. In addition, immunocytochemistry of graft celis using an antibody to insulin indicates that the
precursor cells differentiate into insulin-producing cells.
Example 4
Transplantation of ICCs into diabetic patients
Human diabetes patients are administered a number of fetal ICCs to be optimized in clinical studies.
Presumably, this number will be close to that used for adult-derived cels, approximately 2-8 x 105, either by

implantation under the kidney capsule or by direct injection into the liver. In addition, transplantation in other ectopic



10

15

20

25

30

WO 97/37003 PCT/US97/05194
.8
organ locations is also contemplated. C-peptide production and bleod glucose levels are monitored over several
months to determine whether transplanted ICCs have differentiated into insulin-producing cells. The patients are still
administered insulin during the monitoring period.
Example 5

Glucose responsiveness of expanded islet cells

Glucose responsiveness of the islet cells expanded as described in Exampie 2 is determined per unit DNA
in response to a glucose/theophylline static challenge. Cells are incubated in a low glucose medium (100 mg/d! -
RPMI + 2% serum) for at least three days prior to0 a glucese challenge. The cells are then incubated for 30 minutes
in either a resting concentration of glucose (50 mg/d!) or stimutated with 325 mg/dl glucose plus 10 mM theophylline.
Cells are collected from the dish, sonicated and processed as described below.

The resuits indicate that the expanded ICCs respond to a glucose challenge by secreting insulin into the cell
culture supernatant and upon removal of the stimulation, revert to a lower insulin secretion level.

Example b

Determination of insulin content

Insulin content is determined and expressed as a ratio of cellular insulin/DNA. Atter glucose responsiveness
determination, plated celis are washed once with PBS and then with 1 mi water per well was added. The wells
containing the attached cells are frozen at -20°C. Plates are thawed and cells are removed by mechanical scraping.
For islet-like cell clusters or reaggregated cells, the concentration is 100 ICCs/ml. The cells are sonicated at setting
number 3 on a Fisher Scientific 60 Dismembrator for 10 seconds or untii no particulate matter is observed by gross
visual inspection. The samples are then stored at -20°C untit performing an insulin ELISA using a kit from Peninsula
Laboratories, Belmont, CA.

DNA content is determined using a fluorometric dye (Hoechst 33258, American Hoechst Co.). A working
solution of the dye is prepared immediately before use by diluting a 1.0 mg/mi stock solution of dye 2000 fold in
dye dilution buffer (10 mM Tris HCI, pH 7.4, 1 mM EDTA, 0.1 mM NaCl) to yield a dye concentration of 0.5 ugiml.
A standard solution of calf thymus DNA (100 wg/mi) is prepared and diluted to obtain standard solutions ranging from
0 pgiml to 15 pgiml. The assay is formatted to individual fluorometer cuvettes per sample. A Turner Model 450
fluorometer is set at an excitation wavelength to 360 nm, an emission wavelength of 450 nm, and a 7 mm light
aperture. Two mi dye solution is added to each cuvette followed by addition of 250 i of standard or sample
solution. The samples are incubated at room temperature for 30-45 min in the dark, and then read on a fluorometer
at 360 nm and 450 nm. The DNA content in the samples is determined by fitting the fluorescent unit value obtained
for each sample against the standard curve slope of fluorescent units versus concentration.

It should be noted that the present invention is not limited to only those embodiments described in the
Detailed Description. Any embodiment which retains the spirit of the present invention should be considered to be

within its scope. However, the invention is only limited by the scope of the following claims.
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WHAT IS CLAIMED IS:

1. A method of growing celis of pancreatic islet-ike cell clusters (ICCs), comprising the step of
culturing said ICCs in cuiture media in contact with laminin 5, with the proviso that said laminin 5 is not rat laminin
5.

2. The method of Claim 1, wherein said ICCs are from a mammal.
3. The method of Claim 2, wherein said ICCs are from a human.
4, The method of Claim 1, wherein said laminin 5 is selected from the group consisting of kalinin

and epiligrin.

5. The method of Claim 1, wherein said faminin 5 is the extracellular matrix obtainable from MCF
10A cells.

B. The method of Claim 1, wherein said laminin 5 is of human origin.

7. The method of Claim 1, wherein said ICCs are expanded at least 5 fold and the expanded ICCs

secrete insuiin.
8. The pancreatic ICCs prepared in accordance with Claim 1.
9. A method of treating Type | diabetes in a patient in need thereof, comprising the step of

administering o said patient an effective insulin-producing amount of the ICCs of Claim 8.

10. The method of Claim 9, wherein said administering step is by impiantation under the kidney
capsule.

1. The method of Claim 10, wherein said ICCs are placed in an immunoprotective barrier prior to said
implantation.

12 The method of Claim 9, wherein said administering step is by direct injection into the liver.

13. The method of Claim 9, wherein said effective insulin-producing amount is between about 2 x 105

and about 8 x 10° ICCs.

14. Use of an effective insuiin-producing amount of the ICCs of Claim 8 for treatment of Type |

diabetes in a patient in need thereof.



INTERNATIONAL SEARCH REPORT

Internau Application No

PCT/US 97/05194

A. CLASSIFICATION OF SUBIECT

TPC e CloNs/06  Cl2Nb/e8  A61K35/39

According to Internagonal Patent Classificaton (IPC) or to both natonal classificaton and [PC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classificaton symbols)

IPC 6 CI2N

Documentation searched other than munimum documentation to the extent that such documents are included tn the fields searched

Electronic data base consulted duning the international search (name of data base and, where practical, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category * | Citaton of document, with indicabon, where appropnate, of the relevant passages Relevant to claim No.

X WO 94 23016 A (DESMOS INC ;JONES JONATHAN 1-14
C R (US); QUARANTA VITO (US)) 13 October
1994

see page 10, line 3 - line 16; examples
12-14

X WO 95 29989 A (US GOVERNMENT ;WHITTIER 1-14
INST FOR DIABETES AND (US); RUBIN JEFFREY)
9 November 1995

see page 9, line 1 - page 11, line 22;
claims 19,20; example 7

X US 5 116 753 A (BEATTIE GILLIAN M ET AL) 1-8
26 May 1992
see column 8, line 50 - column 9, line 31
- / -
Further documents are listed in the contnuaton of box C. Patent famuly members are listed in annex.

° Speaal categories of cited documents : .

“T* later document published after the international filing date
or priority date and not i conflict with the application but
cited o understand the pnnciple or theory underiying the
mvention

“A° document defining the general state of the art which is not
considered to be of particular relevance

“E’ earlier document but published on or after the international “X* document of particular relevance; the claimed invention
. fiing date _ cannot be considered novel or cannot be consdered to
L d:‘cuylé‘ngnr wh;ch may ;Ih;:\:!:oubu on priority claim(s) or involve an inventive step when the documnent is taken alone
is cited to establi publication date of another “Y* document of " j
partucular relevance; the claimed invention

. ataton or 0"'“ special reason (as specified) . cannot be considered to involve 'an inventve step when the
0" document refaring to an oral disclosure, use, exhibition or document 1s combined with one or more other such docu-

other means ments, such combinaton being obvious to a person skilled
“P* document published prior to the international filing date but in the art.

) later than the pnority date claimed ‘&" document member of the same patent family
Date of the actual completion of the internauonal search Date of mailing of the internanonal search report
27 August 1997 4. 09.97

Name and mailing address of the [SA Authorized officer

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340.2040, Tx. 31 651 epo nl,
Fax: (+ 31-70) 340-3016 Fernandez y Branas,F

Form PCT/ISA/21D (second sheet) {(July 1992)

page 1 of 2



INTERNATIONAL SEARCH REPORT

Internat Applicaton No

PCT/US 97/05194

C(Contunuation) DOCUMENTS CONSIDERED TO BE RELEVANT

Category ° | Citaton of document, with indication, where appropnate, of the relevant passages

Relevant to claim No.

E WO 97 12961 A (DESMOS INC) 10 April 1997
see page 4, line 7 - line 36

see examples 1,4,8

see claims 1,13-26

X WO 95 29988 A (UNIV FLORIDA RES FOUND) 9
November 1995

cited in the application

see the whole document

X EP 0 363 125 A (HANA BIOLOG INC) 11 April
1990

see page 6, line 42 - line 52; table C

X DIABETES,

vol. 44, December 1995,

pages 1458-1460, XP000618433

HAYEK, A. ET AL: "Growth
factor/matrix-induced proliferation of
human adult beta-cells"

see the whole document

X ENDOCRINOLOGY,

vol. 123, no. 2, August 1988,

pages 834-840, XP000618317

KAISER N ET AL: "“MONOLAYER CULTURE OF
ADULT RAT PANCREATIC ISLETS ON
EXTRACELLULAR MATRIX: LONG TERM
MAINTENANCE OF DIFFERENTIATED B-CELL
FUNCTION"

see the whole document

A WO 92 19195 A (UNIV BROWN RES FOUND) 12
November 1992

see the whole document

1-14

8-14

1-14

1-14

8-14

11

Form PCT/ISA/210 (continvation of second sheet) (Juty 1992)

page 2 of 2




ir . inmoiscucauon .o

INTERNATIONAL SEARCH REPORT oCT,/ LI 27/05194

Box I {()bservauons wnere certain claims were founa unsearcnapte tContinuauon of ttem t ot first sneet)

This {nternauonai Searcn Recort has not teen esLacisned in respect of certain Claims Unaer Artce (700 2ior ne foilowtng reasons:

L] Claims Nos.: 9-14

T Zecause tney reijate Lo sublect matler noOlL required Lo oe searcned by this AulnoriLy, Iumely:
Remark: aithougn claims 9 to 14 are directea to a methoc =7 treatment of
the human/animai boay, the search has Deen carried out anc Dased on the
allegea effects of the compound/composition.

.0 Ciams Nos.:
—ecause Lhey relale to parts of the {nternatonai Appiicauon that do not compiy with the prescrized reguirements Lo sucn
an extent that no meaningrul Internaucnai Searcn can e carried oul. specyicaiiv:

3 Claims Nos.:

“ecause Lney are gependent ciaims ana are not dratted in accorgance with the seconag ang thira sencences of Rule 6.4(a).

Box il Observaunons where unity of invention is lacking (Continuation of item 2 of first sheet!

This [nternauonai Searching Authority found muiuple invenuons 1n this internauonai applicauon. as foilows:

e

1, As all reguired additionai search fees were umeiy paid by the applicant. this {nternationai Searcn Recort covers all

pp
searcnable ciaims.

1. . . As al searcnacie ciams cowd te scarcnea without e1fort luUsuWIving an agwbonal tee. W85 AULLSrily 2ig not nvite payment
of any agaitonal ree.

|

As oniy some of the required additiona: searcn fees were umeiv paia by the apphicant, tus [ntermauonal Search Report
covers only tnose ciaims {or whicn fees were paid. specirically clams Nos.:

w

[

4, l:] No required additional search fees were timely paid by the applicant Conseguently, this {nternauonal Search Reportis
restricted to the invenuon {irst mentioned in the claims; 1t is covered by ciaims Nos..

Remark on Protest I I The additionai searcn fees were accompaniea by the applicant’s protest

———

T—
! N¢ protest accompanieg the cayment ot aadiuonal search fees.

Form PCT.ISA.210 (conunuauon of first sheet (1)) (July 1992)




INTERNATIONAL SEARCH REPORT

Interna. 1 Applicanon No
Informaton on patent family members

PCT/US 97/05194

Patent document Publication Patent family Publication
cited in search report date member(s) date
WO 9423016 A 13-10-94 US 5510263 A 23-04-96

AU 6555794 A 24-10-94
CA 2159471 A 13-10-94
CN 1124978 A 19-06-96
EP 0710278 A 08-05-96
JP 9500033 T 07-01-97
US 5585267 A 17-12-96
US 5541106 A 30-07-96
WO 9529989 A 09-11-95 US 5587309 A 24-12-96
AU 2433695 A 29-11-95
CA 2189052 A 09-11-95
EP 0765385 A 02-04-97
US 5116753 A 26-05-92 NONE
WO 9712961 A 10-04-97 AU 7367296 A 28-04-97
WO 9529988 A 09-11-95 AU 2369595 A 29-11-95
CA 2188648 A 09-11-95
EP 0758376 A 19-02-97
EP 0363125 A 11-04-90 JP 2200178 A 08-08-90
WO 9219195 A 12-11-92 AU 666118 B 01-02-96
AU 2004192 A 21-12-92
AU 3902095 A 01-02-96
EP 0585368 A 09-03-94
JP 6507412 T 25-08-94
NO 933842 A 25-10-93

- - G o - S - " P P S Y M R D B Ak e R R M M Am em e AP R P 6 W W N R S MR S e e R G R A e = e

Form PCT/ISA/210 (pateat family anaax) (July 1992)



	Abstract
	Bibliographic
	Description
	Claims
	Search_Report

