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Field of the Invention

The present invention relates to the field of biotechnology, in particular, methods, tissues and

compositions for increasing the pancreatic mass of a mammalian recipient.

Backeround of the Invention

Idiopathic or primary diabetes mellitus is a chronic disorder of carbohydrate, fat, and protein
metabolism characterized in its fully expressed form by an absolute or relative insulin deficiency,
fasting hyperglycemia, glycosuria, and a striking tendency toward development of atherosclerosis,
microangiopathy, nephropathy, and neuropathy. Underutilization of glucose is characteristic of all
diabetic patients, but only some have a clearly defined severe insulin deficiency resulting from a loss
of beta cells. The large remainder of diabetic patients suffers from some impairment of insulin
secretory response associated with a marked resistance to insulin in the peripheral tissues.

The phrase "idiopathic diabetes mellitus" embraces a heterogeneous group of disorders

having in common the above-described characteristics. At least two major as well as several less
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The mature pancreas has both exocrine (digestion) and endocrine (hormonal) functions. The
exocrine function includes secreting enzymes to aid in digestion. The pancreatic hormonal function
includes secreting at least insulin and glucagon, two hormones which together help regulate blood
glucose levels. Within the endocrine pancreas, it is the beta cells, which are organized into areas
called islets of Langerhans, that create and excrete insulin. Glucagon is secreted by alpha cells
within the islets of Langerhans.

Many attempts have been made to replace pancreatic mass and/or function in diabetic
recipients through surgical methods. For example, transplantation of digested and isolated islets of
Langerhans derived from human cadaveric pancreas to immunosuppressed diabetic humans is an
established but experimental means to treat diabetes mellitus. Given existing technology, a major
limitation of this technique is the insufficient supply of human pancreatic tissue available for
transplantation. In addition, islet tissue may be lost or degraded during the digestion and isolation
procedures as well as after transplantation as only a fraction of the transplanted islets engraft in the
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Isolated islet clusters of fetal porcine pancreas have also been used as a xenogeneic transplant
for human diabetic patients. Thus, it is known to isolate pancreatic islets from pig fetuses and inject
the islets into a vein of a human diabetic patient. A notable problem with such procedures is the
necessity for maintenance immunosuppression with cyclosporine, prednisolone and azathioprine. An
additional problem is that such grafts do not help the recipient attain control for levels of circulating
glucose.

The shortcomings of the prior methods are significant. Dispersed or cluster cell methods
require large amounts of donor tissue and usually multiple donors per recipient. Strong immune
suppression is also needed to help avoid acute rejection of the transplanted cells. Moreover, given
the dispersed form of cellular and cluster transplants, the actual implantation may be difficult to
control and no single, developing chimeric organ is ever created. Among other differences, prior
transplantations of whole adult or immature pancreatic tissue have utilized tissue substantially more
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Accordingly, and in light of the failure of any of the prior methods to lead to an effective
treatment for diabetes mellitus in humans, there is a need to develop novel methods, tissues, and
compositions for transplanting immature pancreatic tissue into mammalian recipients to increase the

pancreatic mass of the recipient.

Summary of the Invention

One embodiment of the present invention is directed to a novel method for increasing the
pancreatic mass of a mammalian recipient comprising harvesting immature pancreatic tissue from a
mammalian donor and transplanting said tissue into the peritoneal cavity of a mammalian recipient
under conditions that allow the pancreatic tissue to become vascularized and mature, thereby

developing a functioning chimeric, endocrine pancreas that produces at least insulin in the recipient.



devel opi ng a functioning chinmeric, endocrine pancreas that produces at

|l east insulin in the recipient. 4 WO 03/083064 PCT/US03/09091 Anot her
enbodi nerwOaB/083ee4 present invention i s manmal i an i mrat ur e PEAMUSOFEMPL ti SSue
adapted for transplantation into the peritoneal cavity of a mamuali an

recipi ent%%& e Mo%gr?!arﬂg)fttﬁ%epreﬁﬁpﬁﬁ%wnqS RS A antipgy AREHRhd 8 d BShPi ent .

Anot her enbodi nent the priesent invention I's recipient i munosuppression

conposi ti.ans_ an t hods .to i. suppr el | ant
o T aE e e BHEPE T SIS, Pny OpE bl e bR b jnofiekBIRE
reci pient to decrease the chance of rejection of the transplanted tissue.
Anot PRaereatip ssrhelthe srmmaiagrediset- i nvention is recipi ent co-stinulatory

bl ockade conpositions and methods for co-stinulatory bl ockade of the

i mune r e4pathseerfodimentraf ¢heppresent tfvertion is apRpIRAHMNYMOPHIPALSHIOR CORPEPIEARS c
tissue into the peritoneal cavity of the manmalian recipient to decrease
t he glianedodd toriginesiokgipresk thichecipleansid amisptint bfsnratudnphbreatichdsodinte tte of
the present invention includes conpositions and nethods, for treatnent of
t he }F@{t&?e%l ety T TEMERIMBRN ARG O t6 BErORS thd dMhané Brtjeotlordsné framiphnted
devel opnment of "the tissue. Thi's enbodi nent may conprise incubating the

i soléttseg manmmal i an i mature pancreatic tissue adapted for transplantation
i nt 0" tHe peritoneal cavity of a manmmalian recipient with growh factors
prior to inplantation for.enhancing the post.-transpl antation gr,owm h and
Gevel opreAfbYFT THEPdRFNRE R Rew pTeaten RAsignhe sty BEPRiaEn | T each
enbodi nent _herein, the immture pancreatic tissue may conprjse fetal
manmedmpasitions sad awthods forcortinyatery, blackadp of themuymepesporis of ipe recipient of 2
substantial ly unvascul ari zed by the donor and substantially free of

ant i gemsppmesfinirhatgreqeinteatidtispoainto thet feeitqueekeavity iofi themparomalian teeipipndid de

met hods, tissues and conpositions for transplanting inmmature nmanmalian
panci&@iadast HesdhanddQejRataorpdf tAn raeplaptedtissud.0 i ncrease the

Another embodiment of the present invention includes compositions and methods for
treatment of the harvested tissue for enhancing the post-implantation growth and development of the
tissue. This embodiment may comprise incubating the isolated mammalian immature pancreatic
tissue adapted for transplantation into the peritoneal cavity of a mammalian recipient with growth
factors prior to implantation for enhancing the post-transplantation growth and development of the
transplanted tissue in the mammalian recipient.

In each embodiment herein, the immature pancreatic tissue may comprise fetal mammalian
pancreatic tissue which, at the time of harvesting, is substantially unvascularized by the donor and
substantially free of antigen presenting cells.

A goal of the present invention is to provide methods, tissues and compositions for
transplanting immature mammalian pancreas tissue into mammalian recipients to increase the

pancreatic mass of the recipient.



pancreatic mass of the recipient. 5 W 03/083064 PCT/US03/09091 O her
aspects and features will be in part apparent and in part pointed out
her ei naf twD.03/0&®64 i pti on of the Drawings Figure 1A is an echrusosivwoday (E)
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paraffin enbedded pig netanephroi 14 days post-inplantation into the nouse
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Cand D. Figure 2A is a pig netanephros (m 14 days post-inplantation into
a notleenouse ptmentum;Fi gur es 2B- 2E show H&E- st ai ned sections of the inplanted
nmet anephros. doneruli are |abeled (g), magnifications are showmn for A & B
(B), C, Driputt B afd §0%sBowAcimstoxylihahdessap(‘HE E')-ssiasd sewtiods dfpadéfinm (duo)
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hi ghgrb-geﬁ r view of the dorsal pancreas shown in Figure 3B and 3C
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post-implantation into the mouse omentum stained with mouse-specific endothelial cell marker anti-
CD31. Positive-staining (CD 31-positive) vascular structures of mouse origin (arrow and
arrowhead) are delineated within the pig metanephros; magnifications are shown for A & B(A) and
for Cand D.

Figure 2A is a pig metanephros (m) 14 days post-implantation into a mouse omentum;

Figures 2B-2E show H&E-stained sections of the implanted metanephros. Glomeruli are
labeled (g), magnifications are shown for A & B (B), C, D and E;

Figure 3A is a photograph of a section of duodenum (duo) from an E12.5 Lewis rat embryo.
The dorsal pancreas anlage (dp) and ventral pancreas anlage (vp) are labeled;

Figure 3B is a H&E stained section of the dp and vp with the duodenum removed;

Figure 3C is a higher-power view of the dorsal pancreas shown in Figure 3B and 3C
illustrating a condensing cord of tubulo-acinar cells (arrows);

Figure 4A shows an H&E section of a pancreatic anlage obtained from an E12.5 Lewis rat
embryo;

Figure 4B shows an adjacent section of anlage stained with an anti-insulin antibody
indicating no positive staining in the tissue section;
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Figure 4B shows an adj acent section of anlage stained with an anti-insulin
anti body indicating no positive staining in the tissue section; 6 WO
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Wi t hin stréma surroun by peri arrows delineating iIslets;
Figures 6A is an H&E stained sectipon;, .Hgure 6B i nt.rol_ st ai ned
sectiBHe: EPgHFus hgscn}lcﬁggogﬁggq a?RqomPWslﬁllegr?resPrg?%gjaggﬁ?iwgﬁlg;p %gur e 7A
shows sections of pancreatic tissue recovered fifteen weeks
posttransplesistignt ati on, islets are shown by arrows;

Figure 5C and 5D are higher-power views of another control antibody stained section and
another anti-insulin stained section, respectively.

Figures 5E and 5F are tissue sections stained with anti-insulin antibodies in which developing
ductal islets that remain to be connected to the duct epithelium are delineated by arrows;

Figure 6 illustrates a pancreas anlage approximately fifteen weeks post-transplantation
showing the chimeric organ structure of islet tissue within stroma surrounded by peritoneal fat with
arrows delineating islets;

Figures 6A is an H&E stained section;

Figure 6B is a control stained section;

Figures 6C and 6D are anti-insulin stained sections;

Figure 7A shows sections of pancreatic tissue recovered fifteen weeks post-transplantation,
islets are shown by arrows;

Figure 7B shows, for comparison, sections of dorsal pancreatic anlage from a newborn rat,

acinar cells are shown by arrowheads while islets are shown by arrows;



Figure 7B shows, for conparison, sections of dorsal pancreatic anlage from
a newborn rat, acinar cells are shown by arrowheads while islets are shown
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f our m)nth perlod Figure 1 1Ais a slide showi ng a cross-section of a
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0 Al B it b

insulin ing ur e OWS a conbi ned Gomori stain
whi ch hi ghts the creat islets (identified by arrows in each
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to aid those skilled in the art in practicing the
Figure 11A is a slide showing a cross-section of a xeno-transplanted (rat to vehicle-treated

mouse) immature pancreatic tissue, four weeks post-transplant;

Figure 11B is a slide showing a cross-section of a xeno-transplanted (rat to co-stimulating
blockade treated mouse) immature pancreatic tissue, four weeks post-transplant; and

Figure 12 shows cross-sections of a xeno-transplanted rat pancreas exhibiting different
staining protocols:

Figure 12A shows a control serum;

Figure 12B shows the use of an anti-insulin antibody which highlights the insulin producing
cells; and

Figure 12C shows a combinea Gomori stain which highlights the pancreatic islets (identified

by arrows in each frame).

Detailed Description

The following detailed description is provided to aid those skilled in the art in practicing the
present invention. The description should not be construed to unduly limit the present invention as
modifications and variations in the embodiments discussed herein can be made by those of ordinary

skill in the art without departing from the spirit or scope of the present inventive discovery.
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a mamal i an reci pient under conditions that allow the pancreatic tissue to

becone vaggu {ﬁﬁﬁécﬁﬁfémpé(f % ?&%ér_?t i¥Fn@bi &l diRetel kO Anold1endiRsd for it remingrike
t hereby developing a functioning chineric, endocrine pancreas that produces

at least.insulin in . I DI - i 3 I i
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harvesting, is at | east substantially unvascul arized by the nor..and at

| east® 143 Apnoy| 3y trapgplanime said tssye %‘Foe@«% ﬁ’?’iﬂr?ﬁeaclé:f‘wlg’f 0% ﬁ?%grg%gempa}e&
enbodi ment conprises harvesting i mature pancreatic tjssue fraom at. | east
one urdeb cqrshiiensrthatralow:the penrasatic fisaredp RBramavasenlarisd B}S Netsels oxgppating fom
conprising at |east one substantially non-vascul arized dorsal, ventral or
c onbiheddsichmd smtuientherebytdendlopiap erfemdionmigahaneriny badasning ariayeds thas ppiduges atgen
presenting cells. Said tissue is transplanted into the peritoneal cavity of
a di phetih@mlinurar r@é‘iBieﬁﬂtTkPet intm&uteeatceatetiisué malpcamptissinuhatieenaupetiaor
nmesenteric artery. Post- transplantation, said tissue vascul arizes and
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t hat proc?uces at ledast itnsulininthe recipient. Said preferred nethod may
al so

donor and at least substantially free of antigen presenting cells.

A preferred embodiment comprises harvesting immature pancreatic tissue from at least one
embryonic mammalian donor, preferably a porcine donor, said tissue comprising at least one
substantially non-vascularized dorsal, ventral or combined dorsal and ventral pancreas anlage
substantially free of antigen presenting cells. Said tissue is transplanted into the peritoneal cavity of
a diabetic human patient at a site adjacent to branches of the superior mesenteric artery. Post-
transplantation, said tissue vascularizes and matures, thereby developing a functioning chimeric,
endocrine pancreas that produces at least insulin in the recipient. Said preferred method may also
comprise administering immunosuppression or a co-stimulation blockade to the recipient’s immune
system to aid in the prevention of rejection of the transplanted tissue.

Said preferred method may also comprise methods and compositions for treating the tissue to

enhance the post-implantation growth and development of the tissue.



conprise adm ni stering i nmunosuppression or a co-stinmulation blockade to
the recipient's inmune systemto aid in the prevention of rejection of the
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xenogenei ¢ donors for human recipients because, anong other factors, of
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Mor eover, the processes of glucose honeostatis and regul ation of insulin
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tissue nay c rise a pancreati ¢ anl age
that, i s substantially .non- vaﬁcul arized ,w tugagn t ge Sdﬁngrc %g the t isms.lé)rf t he
har vOreoveL;the Procesies %?“CPE? PRFOSEAI S SLBUFIOR Of SIURP SEHFPHE V&Y SHA Hgen,
one or nore such anl agen, whol e pancreata (both dorsal and ventral anlagen
or finswdnaardlEndns. or such tissue fromone or nore donors. Although it is
preferred to use whole anlagen, it is within the scope of the immture
pancr eat i n 4ddtione horhan remptues paricrdatio einsuieanayt e prafeingd dorpdlogeneietransglantation
non-di sassoci ated portions of such tissue as well. The immature pancreatic
ti SSiffo Makfeclhdtest ed from at | east one donor at a suitable stage
In a preferred embodiment, the immature pancreas tissue may comprise at least one

embryonic dorsal or pancreatic anlage that is substantially non-vascularized within the donor at the

time of the harvest. Said tissue may further comprise both dorsal and ventral anlagen, one or more

such anlagen, whole pancreata (both dorsal and ventral anlagen or fused anlagen), or such tissue

from one or more donors. Although it is preferred to use whole anlagen, it is within the scope of the

immature pancreatic tissue of the present invention to include non-digested, non-disassociated

portions of such tissue as well.

The immature pancreatic tissue may be harvested from at least one donor at a suitable stage

of development, namely, immediately before or within days after the dorsal and ventral anlage

become fused and prior to vascularization and the creation and distribution within the tissue of

antigen-presenting cells by the donor. Preferably, the immature pancreatic tissue is harvested as

soon after the immature pancreas begins formation and can be dissected free from the donor tissues

and prior to the presence of blood vessels that either originate within the pancreas or from outside the

pancreas. Harvesting prior to vascularization is particularly preferred as mature antigen presenting
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of devel opnent, nanely, inmmedi ately before or within days after the dorsal
and ventral anlage becone fused and prior to vascularization and the
creati on wWod3@8®64 i buti on within the tissue of antigen-presarsod/ogocel | s by
the donor. Preferably, the immture pancreatic tissue is harvested as soon
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pangrreseniing egllsage. At this tine, the inmature pancreatic tissue may be
considered free or at |east substantially free of antigen- presenting
cel | s. TiEisue havesedtteslatoia thaderelopnidne ofitre phogpreasnforekample, pwnehadsg f or
exanpl e, tissue having visible blood vessels, nay contain nore
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of a threat of rejection by the recipient. Tissue harvested at the
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nti gen presen nmeans that the chance of at | east

hyperacut e and acute vascul rej,ection i.-n non-isograft.tr tsS_ i
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t hose containing anti %gge presenting cells. The specifi céﬂevel cigtﬁrrent al

st agdat the chanopod et lsastipperpatie archaquie Yasswlarreigeripn pqp-gegeHdiaReP Udbh t he
species of donor. In rats, the pancreas forns on day 11-12 of a 22-day
gest gehtbyredecddoshenédripardtopragsmante df vasaelafised grafinetihesqrontaiviag petiganssue
harvest being between about day 12 to about day 13. In mce, pancreas

f or nBlet@Mingeldg.ound day 10-11 of a 19-day gestation period and preferred
harvest is from about day 11 to about day 12. In pigs, the pancreas forns

o o ik psetl Ao L A0cne Dl ncieobpasyestis 1
upon the species of donor. In rats, the pancreas forms on day 11-12 of a 22-day gestation period
with the preferred time for immature pancreatic tissue harvest being between about day 12 to about
day 13. Inmice, pancreas formation is around day 10-11 of a 19-day gestation period and preferred
harvest is from about day 11 to about day 12. In pigs, the pancreas forms on days 16-18 of a 115 day
gestation period with preferred harvest being from about day 20 to about day 38 with a more
preferred period for harvest being about day 25 to about day 35 and a most preferred harvest date
being about day 29. In humans, the pancreas forms on days 31-40 of a 270 day gestation period with
preferred harvest being from about day 40 to about day 50 or early in the first trimester of pregnancy.

In one aspect of the present invention, the recipient is a mammal and can be of any age. A
preferred recipient is a human, and more preferably it is a human patient with Type Il or Type I

diabetes. In another preferred embodiment, such recipient exhibits reduced functional pancreatic

mass as a result of suffering from one of the above-mentioned diseases.
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preferred period for harvest being about day 25 to about day 35 and a nost
preferred harvest date being about day 29. In humans, the pancreas forns
on days 3wo40/0sfiee 270 day gestation period with preferr@dThsoye®pl bei ng
from about day 40 to about day 50 or early in the first trinmester of
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preferably it is hupan tient with.Type 1L _or, T i s. In
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pancreatic mass as a result of suffering fromone of the above-nentioned
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i npl anting i mmature pancreatic tissue conprising at |east one whole
pancvasatlirtzed nhd getwt, therebyideydoping afumetibhiag codonsineichimeridranpisps theheal
cavity of a mammalian recipient under conditions that allow the i muature
pancyBa@ides afl less idulif i &R asEpicwa SH¢ pantzett dsde isiliplmted ingr hbpedievedl epying a
functioni ng endocrine chinmeric pancreas that produces at least insulin in

the ge@fl f%%:t%'fkhﬁ u;riﬁgnﬁb%l%iis%%% tb b&SY€ortifhatyBNiRM @€ akint 0 the peri t oneal
of "t he

cavity reci pi ent using nethods kriown to one of ordinary skill in
the art. | n_one,enbodinent, the r. ] i L S e RS t he
onent um oIfl P& mrbé) g}br%efné,ﬁe p%ncﬁrgaglg ﬁ§gfeé § gﬁ%frigttﬁg %@%&]ﬁh éf élges uper itggrér(}ggéenrg teric
artery, and preferah it.is inplanted into a ch of. he ,onment um

| readiicentaadmaRhol thd spgeior OIS it A3 R o AP e TR S gl
herein is initially non-vascul arized and, therefore, grows and becones

vas ciib amenh. almrhatuis pangregtie tisyyg trapwplantedpying e techpiqiss desstbed kereigds el opi ng
at | east one chineric, endocrine pancreas. The chineric pancreata are

char iadttatly noadrabonlirived od ntherefime, growmand leecamds Vancularized atdeastinepast nf the
Langer hans, which can produce and externalize at |east insulin and

POS SeBipient' @bléea FeRcRNELeRIPR ORI @st She HaBetid, Rhid@inePandyad. HEherchxh@icent nay
facilitate the acceptance of transplanted xenogeneic tissue. Mre

R T
reci a{nep%du%té a}1 Eé\x%eirnrgﬁzg ];t ltCEI?S 1ﬁs{1ﬁﬁ' ?u?cll s&tsibly, glucagon and somatostatin.

Vascularization by the recipient may facilitate the acceptance of transplanted xenogeneic
tissue. More specifically, the lack of existing vascularization in the transplant and the lack of
vascular anastomosis between the transplanted tissue and the recipient at the time of the transplant,
aids in the avoidance of at least hyperacute and acute vascular rejection of the tissue. Thus,
xenogeneic transplants of the present invention are able to avoid two of the more serious types of
organ rejection and vascularize and develop into functioning chimeric organs within the hosts.

For allogeneic transplantation of the immature .pancreatic tissue, any embryonic anlage(n)
may be transplanted into a recipient of the same species who is in need of such transplant. If desired,
MHC (major histocompatibility complex) haplotype matching between a donor and a recipient may
be performed using any method known in the art, such as the mixed lymphocyte reaction.

Suitable conditions for vascularization and maturity of the chimeric endocrine pancreas of the

present invention may also include the use of pre or post-operative methods and compositions to
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aids in the avoidance of at |east hyperacute and acute vascul ar rejection
of the tissue. Thus, xenogeneic transplants of the present invention are
abl e to awoiod/osawes of the nore serious types of organ rej @Criusn3/egool

vascul ari ze and develop into functioning chinmeric organs within the hosts.
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enbryoni ¢ anlage tranmsplanted 1nto a recipient of the sane

specjes who.is in need,of such t spl an ir j g
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maturity of the chimeric endocrine pancreas of the present inventjon may
al socandimpdsitivhemagdeafoided Morgnyst, tespayentivedmmatirs panerprficdispiso®rY bons to
12 WO 03/ 083064 PCT/ US03/09091 facilitate the devel opnment and functioning
of t heplddapsiean tiedpreicns iiventich byotrguawstntith gjoedh favtorefnd biber congrospdeand | n
i sogenei ¢ and sone cases of allogeneic transplantation, there nay be no

host & 8b&kionS® efantdIBs EI0ARE RhABRIpRRAE AR the hb&tSitedevelbphRhOsfMnsulin
I munosuppr essi on and/or co-stinulation nmethods and conpositions may be

avoi ded. .Moreov t { ti LA . i L 3 be adapted
For. beauring pra Cefiubit RbEH otfo sE B B % of hr
conmpounds an Co sitio to enhance its grow h and deve nt within

t he host, AP?'gleld"é’(}@)fg%BH{fqﬁ? PSS A vention B‘dﬁ(g?‘r?\é\% %Oé?tﬁn%lgfo%tl\%m&f%n t he host,
and to reduce the likelihood of transplant rejection. Anot hcir enbodi nent of
t he pempesitions aneé methndsi(ecefempleResimsn d EndiRegipen 2 en hedHasPlryaIse i ons
and net hods (see Exanple Reginen 1 and Reginen 2) for the transplantation
of  immmEtuty ganpeeatic eaduedntpi the peritbngabeadity of @mparomelidn xeaipieny fafincreastnehiei an
reci pient for increasing the pancreatic nmass of the mammalian reci pient.
As | ?aﬂ&?&% mASPAHIE reehislig] R¥ipenfBASLs knokwe, CD4rChecllsasiaud mnjor eale imoor-e,
T-cell nmediated rejection of allo- and xeno-grafts. Thus, conbating such
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. o-stimfation of the recipient's T-cell response has proven
eff e(r:éjle(}ﬁ%n lb9 tgrggtir?gr i %Q{iva{tﬁ\llleaﬂa}o&) ﬁlnctci’(lj'lll B@ébﬁ+ T cells by blocking co-stimulation of

the recipient’s T-cell response has proven effective in the present iﬁvention. Suitable
immunomodulatory agents and methods that target and down-modulate the host’s T-cell response to
the transpianted tissue may be used and are contemplated in the present invention.

A first such method comprises compositions of CTLA4Ig (Genetics Institute, Cambridge
MA) and anti-CD2 (Pharmingen, San Diego CA) which may be administered to the recipient before,
during and after transplantation.

A second method of co-stimulatory blockade comprises compositions of anti-CD11a
(Pharmingen, San Diego CA), anti-CD45RB (Clone 23G2, Pharmingen, San Diego CA) and anti-
CD154 (Clone MR1, Pharmingen, San Diego CA) which may also be administered before, during
and after transplantation.

In at least the case of xenogeneic transplantation, the invention may include
immunosuppression methods and compositions for the recipient. This is usually done by
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i mmunonodul atory agents and nethods that target and down-nodul ate the
host's T-cell response to the transplanted tissue nay be used and are
cont enpl awed3iossobhe present invention. A first such nmet ho®CTarsps/H®es
conposi tions of CTLA4lg (Genetics Institute, Canbridge MA) and anti-CD2
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before after transplantation second net hod
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usual |y done by 13 WD 03/083064 PCT/ US03/ 09091 i munosuppressing the
r eci gitihotlieatiirested heninstpdiatypes oromtw@lty bosiming Imemdn {uEiSA)intat esttbodes sremay

provi de sufficient inmunosuppression to prevent rejection of the donor

ti SSgigeloSeaol fiRah MBAbitinPREMISH tGedbioRY ARE-1VIPASHHEFlobliRhLet ket kaswn kirown i n
the medi cal field. Local inmmunosuppression techniques are described by
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rejection (Lacy et al. (1981), Diabetes 30:285-29]). an alt nat ve to
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inplantation to reduce its antigenicity. Exenplary approaches to the

r eduntodifivatién anedincbyed by Faystman W@ 92/M8M 6198Y).surface nodification are
di scl osed by Faustman WO 92/04033 (1992). In a preferred aspect of the

i nvent i onin 4 pRfdrrvdlRpst) PP IAVedfios ahp dsinth@nppiession tampdsition ghodntoeint

receiving the i mature pancreatic tissue will be based on the use of those
recipient receiving the immature pancreatic tissue will be based on the use of those
immunosuppressive agents which have proven to be less diabetogenic. For example, the use of
corticosteroids, cyclosporine A, or tacrolimus may be limited for the transplantation purposes
described herein. An example of a successful immunosuppressive treatment may be based on the
one used in the Edmonton method (Shapiro et al, 2000), which requires long-term high dose
Sirolimus (non-diabetogenic), long-term low-dose Tacrolimus (diabetogenic) and short term
Daclizumab.

Immature pancreatic tissue may be adapted for transplantation by preparing it for or
maintaining it in the cold (approximately 4 Celsius) prior to transplantation but after harvesting. The
invention may further comprise adapting the pancreatic tissue for transplantation by contacting the
isolated mammalian immature pancreatic tissue with growth factors, growth medium, and other
compounds and compositions to enhance the post-implantation growth and development of the
tissue. One such composition may comprise hepatocyte growth factor (preferably 10-9 M) and

VEGEF (preferably 5 ug/ml) in HamsF12:Dulbecco’s modified Eagles medium (preferably 50 to
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I Mmunosuppr essi ve agents whi ch have proven to be | ess di abetogenic. For
exanpl e, the use of corticosteroids, cyclosporine A or tacrolinus may be
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(preferably 10-9 M and VEG- (preferably 5 ug/m) in HansF12: Dul becco's
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100ul of a 50:50 m x) post-harvest and priof to inplantation. In a
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variQus, growt h factors and gr.ow ronoting agents.,, or . conbinati

! her ORI e Padtsie S Ml ShRespteR0Re sRiundial UM ARD! AT
harvested tissue wth hepatocyte growth factor (HGF) may enhance beta cell
pr ol fanvlyaligands,aviich erayTegulats thelipqagpdetermination Qigendegrifg oells withinpangregtic

endot helial gromh factor (VEGF) may be used to increase vascul arization

of panlagemahaiotairsidan srgaichiburegbaatchlulin (BTCY whickt faverp bota ashiplilfsrentiationgasi gn
and i npl enent enhanced devel opnent and maturation protocols include, anong

ot heNsurephlgn ENRARA) @i ety thedévalopndealt bf sdneatbdtatin-p@daciag del efiisg@tinoid
regul ate the lineage determ nation of endocrine cells within pancreatic
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cell differentiation; and
family (TGFs), growth factors (IGFs), gastrin, activin A, and members of the fibroblast growth factor
(FGF) family.

Enhanced development of the transplant, specifically the beta-cells, may be enhanced by
post-surgical administration of insulin, particularly exogenous insulin, to the recipient. In a preferred
embodiment, the invention includes the step of administering exogenous insulin to the patient post-
transplantation to enhance the development of the transplanted tissue.

After a sufficient period of development, it is evident that the inventive transplanted tissue is
capable of excreting insulin. By virtue of the transplantation of the tissue into the peritoneal cavity,
the excreted insulin is released directly into the portal system of the recipient. Hence, transplantation
of the immature pancreatic tissue using the inventive methods and compositions contributes to the
increased functional endocrine mass of the recipient.

Also, after a sufficient period of development, it is evident that exocrine pancreatic tissue is

absent from the chimeric pancreas. Instead, it consists of islets of Langerhans and stromal tissue as
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Neuregulin (NRG 4), which affects the devel opnent of somatostati n-producing
delta cells; retinoid antagonists, which inhibit acinar differentiation in
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fromconsideration of the specification or practice of the invention as

di scl osed her ei Co-stimilgtornblonkiaid regiatens foe popené fd mense sransplgiget her with t he
exanpl es, be considered to be exenplary only, with the scope and spirit of

the i nveRkgigfenbRi Iiothisngtatplee deveiopifiepartime metateiphios fissueddeehpingkidpee.

anlagen) was transplanted from a donor pig into a mouse recipient. The treatment method involved
administering to the Recipient C57B1/6J mice, a composition of CTLA4Ig, 0.5 mg/day on days 2
and 1 prior to implantation, on the day of implantation and on day 5 post-implantation; and a
composition of anti CD2, 0.5 mg on the day of implantation and on days 3, 7 and 10 post-
implantation. Shown in Figure 1A is a pig metanephros (m) 14 days post-implantation into the
mouse omentum. H&E-stained sections of paraffin embedded metanephroi are shown in Figure 1B
and C. Glomeruli are labeled (g). Figure 1D illustrates a paraffin-embedded section stained with
mouse-specific anti-CD31 (6). A blood vessel (arrow) and glomerular capillary loops (arrowheads)
are delineated in the pig metanephros. These vessels and loops are of mouse origin (stain + for
mouse-specific anti-CD31). Glomeruli (g) are labeled. Thus, it is evident that the transplanted
porcine tissue was not rejected in the rat recipient and, in fact, developed and became vascularized

by the recipient during its development.
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Co-stinmul atory bl ockade regi nens for porcine to nouse transplant Regi nen 1:
In this exanpl e, devel opi ng porcine netanephros tissue (devel opi ng ki dney
anl agen) we3wnsanspl anted froma donor pig into a nouse r @Cirfisesn0209iThe
treatment nethod involved admnistering to the Recipient C57B1/6J nmice, a
conposition of CTLA4lg, 0.5 ng/day on days 2 and 1 prior to inplantation,

on the d of | npl I t<l : L0

conpos t 1 SeEinehidh, I RRG B LRl HoRfS! oloAR B kAN Bouse s 3, 7
and 10 post- inplantation. Shown in Figure |A.] pPhLG et anephr m 14
iy SRR R ARPATT QiR RE ettt et Cdal bR AR LIS RE g o ™)
paraffin enbedded nmetanephroi are shown in Figure 1 B and C. Goneruli are
| abelnmaniefion andgurdays B 117 aad Fhpes-implsaiation; AvlBMIREY G2ae iy ndeys {’1@6‘5 Wi th
mouse-specific anti-CD31 (6). A blood vessel (arrow) and glonmerul ar

capi 2 baoytolimphstations @dnepasday hpdodeliinplatagidniand OHempiog theedayrd pinplstativhes e
vessel s and | oops are of nouse origin (stain + for nouse-specific anti-CD3

1) . SAdws w10 o8 indflenthiadie bed antT 0UE 54, 0.23 mgdviodahd ddyhaiortibémplectated, ind ed
porcine fissue was not rejected in the rat recipient and, in fact,

deve ' ¥ L ohCShRIE R Fidiei Misithspigevel opnent .
16 V@g@ﬂ@%&aﬁgﬁﬁégﬁ%’%%ﬁ;%@gﬂ la%lkhgl:ogl‘?’%s nmet ﬁg%yeandlscoegrr%gsi tion are
al so_exenqplif]j by a r.cine.to nm t . ant i,pi ent
i commPE Dok S ROSP ey b TR e G MRS, eRRhAN ol aR T o
and on days .0, 1. 7, and 14 pqst-inplantation; anti CDASRB, 0.2 iV on
day sStwiria Figtirg 2Bdf- 4 b‘rqt?FﬂP}aﬁﬁ%l?qlﬁ‘ Fggxge %b gq‘e Qf’ri’gfﬂlf’ 8Ph% (geY YAt ation
and 0.1 ng on the day of inplantation and days 1-10 post inplantation; and
ant i nghid) isleliseaies] (avromis Rigd Gand )i & glaneeribis ((@)is dabielsd, in Figresddy apg 2E.

i npl antation and on days 2 and 4 post-inplantation. Shown in Figure 2Ais

t he Piggin, tetpasteiptplatat{on) fighdedayedligotint thaphamtepbios ivasauiaizetenthdeystopedent um
H&E- st ai ned sections are shown in Figure 2B-E. A ureter (u) is labeled in
Fi gutgin?Bhe 1HE vARGE fibg. zone (devel oping nephrons) is delineated

(arrows Fig 2 Cand D). A glonerulus (g) is labeled in Figures 2D and 2E.

Transplantation of embyonic pancreatic anlagen results in formation of islets of Langerhans

A pancreatic anlage consisting of both dorsal and ventral pancreata was harvested surgically
under a dissecting scope from an E12.5 Lewis rat embryo, and suspended in saline solution on ice
under sterile conditions (see Fig. 3A). Within 2 hours after removal, the pancreatic anlage was
implanted into the omentum of an adult Lewis rat. Two weeks following the implantation, the adult
Lewis rat was sacrificed, and the pancreatic transplant was removed for histological analysis.
Histological examination of fixed, paraffin-embedded, and sliced sections of the tissue mass stained
with hematoxylin and eosin revealed that the transplanted pancreatic anlage has grown and
developed into tissue containing islets of Langerhans.

Shown in Figure 3A is a photograph of a section of duodenum (duo) from an E12.5 Lewis rat
embryo. The dorsal pancreas (dp) and ventral pancreas (vp) are labeled. Shown in Figure 3B is a

H&E-stained section the dorsal and ventral pancreatic anlage with the duodenum removed. Figure

3C is a higher power view of the dorsal and ventral pancreatic anlage shown in 3B.
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Again, the post-inplantation figures establish that the netanephros
vascul ari zed and devel oped w thin the host wthout rejection.

Tr anspl arwetosossoed enbyoni ¢ pancreati c anl agen resul ts i nfPGTREsD3/@09DF
islets of Langerhans A pancreatic anlage consisting of both dorsal and

vent ral _panchaahf N RN GRS KR Min WflEenfu 990 Rl Rt RkOREadeh M

an E12.5 Lew s rat enbryo, and susp In saline solution on ice under

sterile conditipns e Fig. 3A). JWthi f f .
panc?”@d’leffgnﬁ?‘fi %fg@“?ﬁ%ﬁsa]in glrlfte'ee%i\ Thes atnﬁé%éoﬁrg’&néf%r%asg%ﬁ%ng%t@% N teu%/\ngkgageat .
Two weeks foll ow nzq t he i npl ant at | on, %\e adult _Lewis rat was,sacrificed,
and phlemsdfronean PEZ6 Laniprah sORRs Frespm e shqvsr anpdiacsPbeta sigigg paipgn anti-
Hi st ol ogi cal examination of fixed, paraffin-enbedded, and sliced sections
of t hesulin sstitwdyade mis#ivesthining for ihatatiodsteéted aifdl%dsi n reveal ed that the
transpl anted pancreatic anl age has grown and developed into tissue

cont ai ni n@yitsbatekopodiangsshaaton Shehele padréagicranlagén ko thepinenogn aph Lefvia
section of duodenum (duo) froman E12.5 Lewis rat enbryo. The dorsal

pancERathe G48% A8 A XS eI FBRABKERS Sh¥ ifFigutedTelateonBoPURBody Flagi¢teedfon S
a -stained section the dorsal and ventral pancreatic anlage with the

duodenum fenmoved. Fi. i i i t :

B e B R R T S
det ermi ne whet her _i noreactiyity for insulin is present at EL2 in

panc FoARMERE, (ERYIEA o SHET OF HECS & BT Seeonte 8 s EomReBitdus an 1 &
E-stai ned section of a pancreatic anlage obtained from Sn E12.5 Lew s_ rat
enbr pencreasglivecks Bolkoving iamplaatition and isEEan afjacenhinsebin-wamed seetion: A0 ISR i n
anti body. No positive staining for insulinis detected at E12.5. By two
week § apgaharisriadapleatet] farrows )oMaghificetigarace Smwicion A& é4), ifert 6&DHE) ene ftum of
a Lewws rat, the tissue has undergone differentiation. Shown in Figure 4C
i's apggntE)l -antibody stained section and in 4D, an adj acent

i nsul i n-st'ai ned section. Correspondi ng negative (4C) and positive (4D)

tissue | Srodé?l'a{e{%{%ﬂtzs thel AbHARRAES LIopSRAVSE thépAerdas aflag@Nbéydnd StwdeRS tind the

section of another transplanted
pattern of insulin immunoreactivity, we examined the structures that were present in the host
peritoneum 6 or 15 weeks following transplantation of E12.5 pancreatic anlagen. Shown in Figure
5A is a control-antibody-stained section originating from a pancreatic anlage, 6 weeks pdst—
imialantation into the peritoneum of an adult Lewis rat. Shown in Figure 5B is an adjacent section
stained with anti-insulin antibody. Islet tissue is delineated (arrows). Shown in Figures 5C and 5D
are higher-power views of another control-antibody-stained section (Figure 5C) and an adjacent
section stained with anti-insulin antibody (Figure 5D). Figures 5E-F are sections stained with anti-
insulin antibodies in which developing ductal islets that remain connected to the duct epithelium (d)
are delineated (arrows). Magnifications are shown for A&B (A), for C & D (C), and for E and F.

Figure 6 illustrates a pancreas anlage 15 weeks post-transplantation. Shown in Figure 6A is

an H& E-stained section and in Figure 6B, a control serum stained section. The corresponding anti-
insulin antibody stained-section is shown in Figure 6C. Figure 6D shows an enlarged islet of

Langerhans, stained with anti-insulin antibodies. Arrows delineate islets. Magnifications are shown
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pancreas 2 weeks followi ng inplantation and in 4F an adj acent

i nsulin-stained section. An islet of Langerhans is delineated (arrows).
Magni f i cawpDonsszase shown for A& (A), for C& (C) and f or PCEARI§/ENI1 To
characterize the grow h and devel opnent of the pancreas anl agen beyond 2

' routh and devel o e | agen ¢
st ul SRS Rap B B ThE i i TR oRE bt ot KA, W
fol I ow t L.ant at.i f.E12. ti I oA, o i 5A
o coubAe] DARGHARH b tels aRTPBRAGrT ey T RyTP FooRc B SebldEest 0O

6 weeks post- inplantation into the peritoneumof an adult Lewis rat. Shown
i n Fhejiyeexsardne sgcigipradstié¥nt section stained with anti-insulin antibody.
Islet tissue is delineated (arrows). Shown in Figures 5C and 5D are .

hi gher - polike catnbined Gomemionkidod seinsibeta-cehs pupthanstagings gellsdwiahbpink FSHOIVE i5C)
and an adjacent section stained wth anti-insulin antibody (Figure 5D).

Fi gurpsroFA s /5@t GlohDh 8evil ded ensrbitie anitigen 15 meseks postrandpdatitasoni Shakindh
devel opi ng ductal islets that remain connected to the duct epithelium (d)

are ggnu%é]?%trise%se(gﬁgﬁ Bﬁﬁarsalgﬁﬁweﬁé £&hIaRbBFErat NA¥R (heswHEBI Gbhar dells C & D

(O, F. Figure 6 illustrates a pancreas anl age 15 weeks

post -transpl ant ati.on., Shqwn | [ gur I.S.: . 4 :and in
P ul B R ReE Rl b Bl tohbing ool R SRR PRIAR, | |
anti body st ai ned-sectigon_is shown iln. {:i gure 6C. Fi pre 6D, shovvst an_enl ar ged
i sl efisgi is presgyé phbigare G¢-dp GeuraRh 1R aiter USSHE G 8| BagTSemiag pitee 15
delineate islets. Mgnifications are shown 18 WO 03/083064 PCT/ US03/ 09091

i n ApfesentAn Figuoeigh. Wagnificpttord arershewndBgan' is a novel one, consisting of
islet tissue within stroma surrounded by peritoneal fat. There is no

i nf | ammat @lactioaagtioscopywisherfoened tndelinedth athethorbeta seltsrostainedgnsulia exocri ne
secretory activity. The conbined Gonori nethod stains beta cells purple and

aci N@fanpfls! Fidthé GRIshoWk celbramm dmisleli BuiRoplAsnh & Packebwithnedossaraoyevel oped
pancreatic anl agen 15 weeks post-transplantation. Shown in Figure 7B is a

z gﬁt Lg?zﬂluféfs ARaiR e RRBETE Fende’ RRAWAIENMRDIRehtXystd BERL iBsIRY (215s) ARhi g nar

magnification of the granules is shown in Figure 8B.

Treatment of streptozotocin-diabetes mellitus by transplantation of pancreatic anlagen

After measurement of baseline blood glucose levels (day 0), streptozotocin-diabetes was
induced in Lewis rats. A control group (control, n = 8) received vehicle instead of streptozotocin.
On day 5 post-streptozotocin or vehicle, levels of blood glucose were measured. In some
streptozotocin diabetic rats, 10 pancreatic anlagen were transplanted into the peritoneum (n =3
transplant). Other rats underwent sham-surgery (N = 7 diabetic). Glucose levels were measured
again at 8 AM on days 14, 28 and 35-post administration of vehicle or streptozotocin. As shown in
Figure 9, levels of glucose were elevated in diabetic rats compared to controls on days 5, 14, 28, and
35. In contrast, by day 35, glucose levels were not different between controls and transplanted
(previously hyperglycemic) rats. ** p < 0.01 vs Control for that day; * P <0.05 vs Control for that

day, Dunnetts multiple comparison procedure.
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(arrowheads) are delineated. As would be expected, conbined Gonori positive
(bright pink) acinar tissue is present in Figure 7B. In contrast, only

i slet tiswoe3sgaopounded by non-staining stroma i s presentPCIrUSh/guee 7A.
Magni fications are shown (B). Electron mcroscopy was performed to

del'i neat eGm%E%[elr%te %TS?SE\IVLI% tp%%hﬁécf‘&ga E&%Héi gfbupgff DMk AT ats h-a8) QiBérishans a

cell withinan i1s plasmis packe neur osecretory granul es

(ar  Gi) S gl il e R B Oni S NP be SRRt b Ra g

Treat ment of streptozotocin (ﬁbet es nmellitus F tran Idanéatl on ai’v
pancPa®FIasic nlagefbito {he tapsplanied, EOMEN BS1BE 05 dgpstrgd g Hrogeeiavel s (day
0), streptozotocin-diabetes was induced in Lewis rats. A control group

( conDiabletes 30983 (128 ei Rets west Fasted dvegrighidresiraingd o tgyel weapnand giveniBy 5
post-streptozotocin or vehicle, levels of blood glucose were neasured. In

SOIe glugbdean bosd ¢R). 5 glldg&i@dy iveeiglattvia rapldl ipeoderemto theasnil agjpnBloed sarhplanwpteant ed
into the peritoneum (n =3 transplant). Qther rats underwent sham surgery

( N = dllééte"ﬂ%t)éeﬁ)lent@ ﬁ@rﬁ%ﬁ'e faAMRIrS MRNevAIRARY iiRGatcadailitodd diSapvh@Ace @Yoimity,

35-post ‘adm’ni stration of vehicle or streptozotocin. As shown in

Flgure | evel s C % 0 o]

cont r'8f Eterm?}aylsmgé qub %?%O%gleva%%% g%éﬁgr/gs?&q%f glgE&tG%ﬁaBgi ucogéﬁl evel s
were not different between contrals, and nted revio

ny poPaNSR e e inlisbetio it i 4 i Bt F SR Bt BB Bangiys
Control for that day, Dunnetts nmultiple corrparison procedure. 19 WO

03/ 083/064d BEBr&ish 31 1968 trol & didtesie, 1t sl0el1anKevalwes tfer tmnsplapted frats mste D82 &
second group of control rats (n=6), diabetic rats (n=4) and transpl anted

( pr eb'ﬁuﬁétys@?ﬂﬂ?&ahﬂ& VFRFER R ESntf s Rd RbredsbdWBekScapas compbared pb aRtddbetn of
pancreatl c anlagen into the transpl anted group, using nethodol ogy

descrl %h in Browmn et al, Diabetes 30: 9-13 (1981). Rats were fasted
over ni gat restrained in a towel wap, and given D- glucose at a dose of

8/er5eg/ kg l%ﬂu os\eMlaevgmav\é Ib%erg e!elsdurécp Jwggktlgl 9nnth!a ?&tg uge% otggrllél:rate ef‘flendatg !5190% l%arrpl es

Figure 9. Normoglycemia has persisted for 4 months (16 weeks) (Figure 10).
Xenotransplantation of embyonic pancreatic anlagen

E 12.5 Lewis rat pancreatic anlagen were transplanted into the omentum of C57B1/6J mice.
Some host mice were treated with co-stimulatory blocking agents exactly as before [hCTLA4-Ig:
0.2 mg i.p. on the day of transplantation (day 0); and on days 2 and 4 post-transplantation; anti-
CD45RB (Clone 23G2); 0.1 mg i.v. on day 3 prior to transplantation (day —3) through day 0, and
0.1 mg i.p. on days 1-10 post-transplantation; and anti-CD154: 0.25 mg i.p. on days 0, 2 and 4 post-
transplantation.] Other mice were treated with injections of vehicle.

Figure 11A shows a Lewis rat pancreatic anlagen 4 weeks post transplantation into the
omentum of a vehicle-treated C57B1/6J mouse. Figure 11B shows a Lewis rat pancreatic anlagen 4

weeks post transplantation into the omentum of a C57Bl/6J mouse that was treated with
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col | ected subsequently fromthe tail vein. The k value for the rate of

gl ucose di sappearance (%4 mn) was determ ned using 10, 20 and 30 mn

val ues. KwoaBuewe{ % m n) for gl ucose di sappearance in CcoRCTAISOs/BH081 and i n
di abetic rats were 2.92 0.44 and 0.48 0.26 respectively, conparable to
val ues,: ‘ ' idste siovm B Bddre] KAV &ldteS
for %?%%é%?ogg:Dgogk%tag&\%ewéﬁé@gﬁf St(tggmél%@lfr%te %@gﬁ%éﬁ cantly different from
controls and .increased.signjfdcantly conpared to the diabetic aninals.

A ucgsev )e?fgﬁlsﬁwgbﬂﬁgéﬁlgﬁgeajs{ﬁ‘ed weekly in the rats used to generate the
data shown in _ Figure 9. Nornoglycem a has persisted for 4 nths. (.16
weeks) ( Friguied 2shpws a geqeadr 5&%% LsRe et B*chfﬂag éﬂ]ﬁ%ﬂf? Eveﬁlﬁsn%qsggg?sﬁaélm(tgae n E
12.5 Lewis rat pancreatic anl agen were transplanted into the oment of
C57 Bhicsthe wineatum ShameaduttstS TRLES mwise that eegeivad op-shmultay blaskadeo r%}gwgg}é n
agents exactly as before [hCTLA4-1g: 0.2 ng i.p. on the day of

t r angqkdNécthd Figiday2B) anticingulanardbydy;Figid 12Cp esmbinedrdphenstain. dalets aust i -
CD45RB (Clone 23@&) 0.1 ng i.v. on day 3 prior to transplantation (day -3)
thro (aQTow"’s'S'.d 0.1 ng i.p. on days 1-10 post-transpl antation; and
anti-CD154: "0.25"ng i.p. on days O, 2 and 4 post- transplantation.] O her
mce were treated with injections of vehicle. Figure 11A shows a Lewi s rat
pancreatic anl agen 4 weeks post transplantation into the onmentumof a
vehicle-treated C57B1/6J nouse. Figure 11B shows a Lewis rat pancreatic
anl agen 4 weeks post transplantation into the onentum of a C57B1/6J nouse
that was treated with 20 WO 03/ 083064 PCT/ US03/ 09091 costinulatory

bl ocki ng agents. In contrast to the undifferentiated tissue shown in
Figurel 1A islets (arrows) are discernable in Figure 11B. Figure 12 shows
a second E12.5 Lewi s rat pancreas anl agen 4 weeks post-transpl antation
into the onentum of an adult C57B1/6J nouse that received co-stinulatory
bl ockade. Figure 12A, control serum Figure 12B, anti-insulin antibody;
Figure 12C, conbined Gonori stain. Islets are
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delineated (arrows). 21 WO 03/083064 PCT/US03/09091 WHAT IS CLAIMED IS: 1
A method for increasing the pancreatic mass of a mammalian recipient .
conpri si ryoansmwst i ng i mmature pancreatic tissue from at PCEAsD3/eM1
manmal i an donor and inplanting said tissue into the peritoneal cavity of a

ma i r Aﬂhﬁﬂtsunder conditions that allow the pancreatic tissue to
gﬁggﬁ%_@g&u ari zec} ﬁnd mat u(rje, t hereby devel oping a functioning chineric
ocrin ancr.eas. t hat. roduces,. at _| east i FW Y ; ’
ret o f& ’E‘F oA g e e R P et R b EaR BRY filieuty The
nmet hod of claim2 wherein the mammualian.dopor is .a pig. 4. ..T
cl aimmatugh perareatigdisouesTom gt lspstoge a’ﬂ&tn?f&%t?é‘ opopard} ﬁ@ﬂl%f&l&%ﬁ%ﬁ@%@% gg to
about .day 35 of the gestational period of the dopor. 5. The.nethod of claim
2 wherinealsaily of ssemmniaian npipiantetdargadsions that alloy HecroereathBSYeifor ' s
superior mesenteric artery. 6. The nethod of claim5 wherein said tissue is

i MphaEdEslvisatiRridedd@idahatofe, tHeectyateoelopingrasfinnetioningzchimbc, wdorsthedRePas that]
wherein said tissue conprises at | east one non-di gested, non- disassoci ated

por '&{}109 atdbast BR 'nfg,!}ﬁe%éﬁgg@fnti al ly non-vascul ari zed pancreas anl age at
| ea % su{)stantl aﬁ]lgy free of antigen presenting cells. 8. The net hodgof

claijm?7 er el ald_.an 6 rj vigph4al panc ti I

5. “Fhe d’a‘:’fﬁ?fﬁ‘gﬁgﬁ R R el OB B R Preast @ dorsal

pancreati ¢ anl age. . .10. _The nethod of ¢laim 7.wherein said ti i

ST it e ST SRR BRS a? Corr
e step of adm nistering at |east one _ inmmunos, i it

{ho & cc! piermethod pbdaice) SHerEn BROES IR OfF BOET 1S BrieEd HoBanedyy 205 o

reci pi ent.
about day 35 of the gestational period of the donor.

5. The method of claim 2 wherein said tissue is implanted adjacent to a branch of the donor’s
superior mesenteric artery.

6. The method of claim 5 wherein said tissue is implanted into a pouch of the donor’s omentum.
7. The method of claim 1 wherein said tissue comprises at least one non-digested, non-
disassociated portion of at least one substantially non-vascularized pancreas anlage at least
substantially free of antigen presenting cells.

8. The method of claim 7 wherein said anlage comprises at least a ventral pancreatic anlage.

9. The method of claim 7 wherein said anlage comprises at least a dorsal pancreatic anlage.

10.  The method of claim 7 wherein said tissue comprises at least one whole pancreata.

11.  The method of claim 1 further comprising the step of administering at least one
immunosuppression composition to the recipient to reduce the chance of rejection of said tissue by
said recipient.

12.  The method of claim 1 further comprising the step of administering at least one co-
stimulatory blockade composition to said recipient to reduce the chance of rejection of said tissue by

said recipient.
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12. The method of claim1l further conprising the step of adm nistering at

| east one co- stinmulatory bl ockade conposition to said recipient to reduce
t he chancwooB/os®mpecti on of said tissue by said recipient PCZASWNDOI! 083064
PCT/ US03/ 09091 13. The nethod of claim1 further conprising the step of

treatibng JakGhdthSboldim pﬂiﬂﬁa@p@mﬁﬂ@sl@@ﬁﬁmwpwk@aﬁ@ dati SOV EhahEk the post-
devel opnent of the tissue. 14. Mammalian immature pancreatic tissue adapt ed

for 5151 ﬁﬁ&lugﬂgﬂ}vhﬁgna Hg\%@jﬁ R SF QL cavity of a mammalian recipient
for intreasin e pancreatic mass of the manmalian recipient, said tissue
conpri,sin ast o non- di gest ed, sassoc i ed tion of at .| east
one ditbst Aretme i irRAretaeat Duae prtrLht MR Rt bkt plpda vt Ty
free qof antigen presenting cells, 15. The tissue of claim 14 wherein said
tissQé air%anaagl&nerampw for apeagnsigtthe parasyic mraspak tha granmalinn reeipicrhiswd dissieng
it inthe cold prior to transplantation and after harvesting. 16. The

t i ssgempfising at lerstHnehen-digestsdi nhntdisasseriated pattipt eflatfleast bnandptaatiallt nan by
contacting said tissue with growh factors. 17. The tissue of claim 14

wher ehstuliized biufsess aflAP LI 1888 sabistdntialy frep 6f MRiYes plesp@itpr @@s. anl age.  18.
The tissue of claim14 wherein said tissue conprises at |east one dorsal

pancreas &k Qﬂﬁle of %Qalm-ﬁﬁewﬁér@iﬁlé%dq{ss@ @'aﬁ%ﬂtéh R EaR gl i(glbﬁg}t ﬁ‘é}'}h‘?m%qm'i bees

at | east one vvho e pancreata or treating d es I'n

ma eﬁl?tglnfr t?lngo r})ri%??o %Faﬂgatlpeasﬁgﬁﬁrg} 2 r! sing har vest! ng

ure |ssue i an donor and inplanting
sal d i ss into ritoneal. cavity mmal i an [ eci pi ent under
condil ESI on fueﬁflcgwnqﬁé”}ﬂﬂ?f&s@é}tt}séueﬂlﬁé‘g%ed {‘T’Bhﬁéﬂ%ﬂ"é atpndy AoRtacHRY Ak d
mature, thereby devel oping a functioning chineric, endocrine pancreas that
pr odtiews vith gresdh fackssil in in the recipient. 23

17.  The tissue of claim 14 wherein said tissue comprises at least one ventral pancreas anlage.
18.  The tissue of claim 14 wherein said tissue comprises at least one dorsal pancreas anlage.

19.  The tissue of claim 14 wherein said tissue comprises at least one whole pancreata.

20.  Method for treating diabetes in a mammalian recipient in need of such treatment comprising

harvesting immature pancreatic tissue from at least one mammalian donor and implanting said tissue
into the peritoneal cavity of a mammalian recipient under conditions that allow the pancreatic tissue
to become vascularized and mature, thereby developing a functioning chimeric, endocrine pancreas

that produces at least insulin in the recipient.
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