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| NTRODUCTI ON  The present inveéntion relates to inmprovenents in an%/ r
relating to the treatnent of diabetes 5 using xenotransplantation. é)/b.llﬂ. 2']0"
particularly but not exclusively the present invention relates to the
preparation of viable xenotranspl antable porcine islets and/or the
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(i nsulin-dependent) diabetes nellitus is a common endocrine di sorder that
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rel ease gk ggeponse to multiple neural and hunoral signals arising within
and beyond the islets of Langerhans. 25 Human islet cell transplantation is
limtldd by the shortage of human islet tissue. The use of pig islet cells

is current) ' s the nost pronmising alternative since: (a) the supply
‘of pig c AéKggﬁ&ﬁgufeadily expanded by optim sing the supply of donor

ani mal s; 138 § Rinsiisf dGRAdBHTBRAbEES Wil ud 'R W oRInSiFertfot i dikardeSthl deilts ihes;
and (c) physiological glucose levels in pigs are simlar to those in
humans. substantial morbidity and mortality, and leads to considerable financial costs to individual
patients and healthcare systems.
15
Treatment with insulin, while life-saving, often does not provide sufficient control of blood
glucose to prevent the feared complications of the disease, which has provided the impetus

for intensive research into better methods of sustaining normoglycaemia.

20 Among the newer treatment strategies that have been proposed, transplantation of
pancreatic P islet cells, obtained either from other humans or animals, has received the most
attention worldwide. This is because transplantation can restore not only the insulin-
secreting unit, but also the precise fine tuning of insulin release in response to multiple

neural and humoral signals arising within and beyond the islets of Langerhans.

25
Human islet cell transplantation is limited by the shortage of human islet tissue. The use of
pig islet cells is currently viewed as the most promising alternative since:
(a) the supply of pig cells can be readily expanded by optimising the supply of
donor animals;
30 (b)  pig and human insulin have close structural similarities; and

(c) physiological glucose levels in pigs are similar to those in humans.



-2 16 JUL 2004 The rationale for this treatnent approach (terned
"xenotransplantation') is that the inplanted pig islets have the potential
to mmc the normal physiological insulin response in type 1 dj gbﬁbtci
such that near-normal bl ood gl ucose Ie\{g_l s may be achi evabl e WI{ 0 004
insulin admnistration or with a reduced requirement for it. As a
consequenge, |ong-term5 di abetes c | ications .eveni ed and
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islets into e mamualian patient. Alternatively or additionally, it is a
further object to at |east provide the public or nmedical comunity with a
useful al tﬁh&gﬁ,i ve approach to diabetes treatnment. 20 STATEMENTS OF

| NVENTI O first aspect the invention consists in a nmethod of preparing
a xenot r s Rl 3BfeaPd the BREtIBventibR to PFRRRY ALbADd 68PARBhEnEPEBine islets which
xenotranspl antation of producing porcine insulin in an appropriate
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conprises the steps of: (1) harvesting the pancreas of piglets at or near

full termgestatjon, and . . . .
Alternatively or adgitionally, it is a further object to provide a method of treating a

15 mammalian patient suffering from diabetes which involves the xenotransplantation of

porcine islets into the mammalian patient.

Alternatively or additionally, it is a further object to at least provide the public or medical
community with a useful alternative approach to diabetes treatment.
20
STATEMENTS OF INVENTION
In a first aspect the invention consists in a method of preparing a xenotransplantable
porcine islet preparation capable upon xenotransplantation of producing porcine
insulin in an appropriate recipient mammal, the method including or comprising the
25 steps of:
(D harvesting the pancreas of piglets at or near full term gestation, and
(ii)  extracting pancreatic P islet cells from the harvested pancreas
wherein the islets (at least at some stage in the performance of the method) are exposed to
nicotinamide.
30
Preferably the method includes or comprises the steps of:
D harvesting the pancreas of piglets at or near full term gestation, and

(i)  preparing a culture of the pancreatic [ islet cells



(i1) preparing a culture of the pancreatic (3 islet cells 16 JUL 2004 -3
(ii1) simultaneously with step (ii) and/or after step (ii) extracting
pancreatic P islet cells fromthe culture of the harvested panc}gagll 2004
Preferably said piglets fromwhich the pancreatic 13 islet cells are
extracted are at from-20 5 to +10 days full termgestation. Preferably

said piglets are at from-7_to, +10 days full_ term gestati.on. Prefefably

the extractiofiii)s sERylEAnGRRsly withgtep (é‘iP‘P‘IiB‘T %ﬁeeaiepégé?ﬁ%tl% BRRGEEBIGP t he

col | agenase is sel e i Lci ne Liberase(r).

Preferably said col?ﬁéttg%}llggrgm @H%ﬁﬁuﬁﬂﬁ Oﬁi gﬁgéré%t??f’a&goa Preferably the

cul ture includes harvested pancreas in a supportive mamralian al bum n

substantially free of non-human m crobi ol ogi cal agents. Preferably the
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treat ' i caotj,nam de after their extraction fromthe pancreas.
Prefe ab%imgaﬁﬁluém%eéf‘ﬁ%s the further step of treating the islets with
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traunma prp?éf@%i,ifgicﬁaﬁﬁ eroRl ROlRshd I1iB8Rased®. SUi tabl e anaesthetic agents.

Preferably the trauma protecting agent is lignocaine. Preferably step (iii)
of t N mPréfeciblynthe cditwre imaindes ihaniebted penkreasriy atshppdrtive mameehligaradbwnie in  t he
presence of the islet trauma pratectin ent. Preferably an antibiotic is
associ at éHbWIYPﬁ&ei°§F‘%’t"¥‘ gucr B’I‘ngéggg%'y said antibiotic is
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a xenotransp porcine islet preparation capabl e upon
xenot r anPpéfarabhi the isleth age tosehteal wigh pieotinareide iafiswthiein ek trackiondppm dpy panceeas.

reci pi ent. manmal ., said nethaod including or, conpri si th st of :
P Preferably the method includes the further sgep of treatﬁ)g the 1sqgs w1&1 IGFFQI ot tHe NS
15 terminal tripeptide of IGF-1 (GPE).
Preferably the exposure to IGF-1 or to GPE is greater for those cells from piglets furthest

from full term gestation, more preferably there is exposure to IGF-1 for all cells extracted

irrespective of their relationship to full term gestation.

Preferably the pancreas and/or islets are subject to a trauma protecting agent selected from
20 suitable anaesthetic agents.

Preferably the trauma protecting agent is lignocaine.

Preferably step (iii) of the method includes mechanically reducing the harvested pancreas in

the presence of the islet trauma protecting agent.

Preferably an antibiotic is associated with the islet cells.

25 Preferably said antibiotic is ciproxin.

In another aspect the invention consists in a method of preparing a xenotransplantable
porcine islet preparation capable upon xenotransplantation of producing porcine
insulin in an appropriate recipient mammal, said method including or comprising the
30 stepsof:
D harvesting the pancreas of piglets at or near full term gestation, and
(ii)  preparing a culture of the pancreatic  islet cells

(iii)  simultaneously with step (ii) and/or after step (ii) extracting pancreatic p



(1) harvesting the pancreas of piglets at or near full termgestation, and
(i1) preparing a culture of the pancreatic 13 islet cells (iii)

simul taneously with step (ii) and/or after step (ii) extracting pat‘té JHLZHM
13 16 JUL 2004 -4 islet cells fromthe gulture of the harvested pancreas

and (iv) encapsulating the islet cells wrth a bioconpatible

xenot ranspl ant abI e. erd aid mat vi.vo bei ng both gl ucose and
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Preferably th%tan&bw&mmlsmg%oh%\pe@deadrepancreas in a supportive
mammal i an al bum n 15 substantially free of non-human m crobi ol ogi cal

agents. Preferably the mammal i an al bumin is human serum aI bum n (HSA)
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15 substantially free of non-human microbiological agents.

Preferably the mammalian albumin is human serum albumin (HSA).

Preferably the islets are treated with nicotinamide after their extraction from the pancreas.
Preferably the method includes the further step of treating the islets with IGF-1 or the N-
terminal tripeptide of IGF-1 (GPE).

20 Preferably the exposure to IGF-1 or to GPE is greater for those cells from piglets furthest
from full term gestation but preferably there is exposure to IGF-1 for all cells extracted
irrespective of their relationship to full term gestation.

Preferably the pancreas and/or islets are subject to a trauma protecting agent selected from
suitable anaesthetic agents.

25 Preferably the trauma protecting agent is lignocaine.

Preferably step (iii) of the method includes mechanically reducing the harvested pancreas in
the presence of the islet trauma protecting agent.
Preferably an antibiotic is associated with the islet cells.
Preferably said antibiotic is ciproxin.
30 Preferably said biocompatible material is a suitable alginate.
Preferably the alginate is in ultra pure form.
Preferably each islet or grouping of islets is entrapped in an in vive insulin and glucose

porous biocompatible alginate or alginate-like surround.



Preferably an antibiotic is associated with the islet cells. Preferably
said antibiotic is ciproxin. 30 Preferably said bioconpatible natﬁrhﬁt hmma
suitable alginate. Preferably the alginate is in ultra pure for

Preferably each islet or grouping of i§#§ts Is entrapped in an in vivo

I nsulin and glucose porous bioconpatible alginate or alginate-Ilike

surround 2004 -5 Preferably the encapsul ati.on provides ,a,sur.round
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Pr ef er abliyg ReaBDGRRSHE RietON 1 nvol ves presenting islets and a suitable

al ginate solution into a source of conpatible cations thereby to entrap
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e

generating needle. Preferably the suitable cations are calciumchloride.
Pref er ablaiggmaﬁe sqjutionisquessated o5 adsopletdniogdhatiz ofuitable 8BRS i vel y char ged
mat eri al ereaf.ter . are provide 1.1 R t coat of a suitable
al gi nat e.ﬁ%d@&éslli;ettaﬂg Sﬁ‘i)lgﬂpﬁl%lgatgﬁglrugohés e 'ée%i‘gllkv'i s poly-L-ornithine. 15

Pr ef er ablpyefeh81y0@k if&lana RN d1fiRateSbRESN M friidntdd s adltbplet teighngdrioplet hen
liquified. Préferably the liquification involves or conmes about by the

addi t1bn gehergton ngedls. t rate. Preferably the encapsul ati on produces

capsul es._ Preferably. the capsul es,contain.a plurality of islet cells.

Prefer abIPFé’W&FYC §ﬁ’|t%’§e ‘éaglr?gﬁf’“i‘? c§lﬁ5"§?§ﬁf[°flgﬁ y three islet cells. 20

Pref er ab'weﬁa&%p%g ol &itadtdfled af @ARISHitPA pseilisdnBhdradd MaferiaMumbbicaRO0 t 0
re

400 m crons. erably followi ng liquification of the alginate entrapping
t he i sl etase plogided avith arhauténgoehefra sugtablsalgifiate. washi ng t he capsul es

Preferably the positive charging material is poly-L-omithine.

15 Preferably the gel entrapping the islets within the outer coating is then liquified.

Preferably the liquification involves or comes about by the addition of sodium citrate.
Preferably the encapsulation produces capsules.

Preferably the capsules contain a plurality of islet cells.

Preferably the capsules contain substantially three islet cells.

20 Preferably the capsules have a diameter of substantially from about 300 to 400 microns.
Preferably following liquification of the alginate entrapping the islets there are the further
steps of:

- washing the capsules
- further coating the capsules with alginate to neutralize any residual change on the
25 poly-L-omithine coating and prevents direct contact of the poly-L-ornithine with
tissues when the entire capsule is transplanted.
Preferably the alginate has been produced via a process involving the steps of:
Seaweed harvest—Washing— Alginate extraction—Filtration
—Precipitation—>Drying.

30

In another aspect the invention is a xenotransplantable capsule prepared according to the

above method.



- further coating the capsules with alginate to neutralize any residual
change on the 25 poly-L-omthine coating and prevents direct 'f§t§Ct of
the poly-L-ornithine with tissues when the entire capsule is t¥a&n Hlaﬂﬂ@h
Preferably the al ginate has been producgd via a process involving the steps
of :  Seaweed harvest-), Washing-Al ginate extraction- Filtration
-Precipitation-), 3 anat her ect. t | nvention
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preparatlon ng o I ncl Udl%g vi abl e porcine islets prepared according to
a method of the present invention. In still a further aspect the present

i nvention consist in a xenotransplan table capsule of at 5 | east one
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whi ch conprises: 10 (a) extracting pancreatic P i1slet cells frompiglets at
or near full termgestation; (b) SI mul taneously with, and/or after a),

treating sal |sIe wi.th nicotin c) encapsul ating said,dslets in a
bi oconpat? %‘?ﬂfﬁie R SRR S I"f B\W‘?tﬁ %/F?/ro #{ﬂ%‘g@k Ampmaliap ,~ o g
insulin ﬁ@ﬁﬁﬁtffeﬁﬁg@?oh{‘@iab&leﬁvﬁmh%ﬂﬂl fidds:i nj ecting or otherw se inplanting
t he encaggul ated islet cells of step (c) so as 15 to transplant into said
manmel(i an pat i(@nt artredtinggianoeatap isiet cofls ﬁmaublgletsmtg)r ecarifyll &ermcgdstatiosapabl e
of producing insulin in the pat.jent fe t he thod further .i,ncl udes
the step of ad® ni Siplt ?lg(g‘f‘lhéﬁqja’éaf%a&ﬁéea}l‘ﬁ%MI Yei Wt meofnamide.q o s
subsequent to (@2 gpl%g&ﬁ;@&ﬁhhg Baid %QetEh?é ioRBinYyatitle nimérth@%ﬁd!{ &hﬁiudvnm Hiles

the step of pr he patient, prior to or after the inplantation
step, a casein- freghd:oe&rr(oaernbmtrtelanddfsahnntmrdjnenpﬁ'ahehatslays tahd et hod

further includes the step of osur of the pancrea |1s at
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| G- 4 0r to GPE
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to transplant into said mammalian patient an effective amount of viable

piglet islet cells capable of producing insulin in the patient,

Preferably the method further includes the step of administering nicotinamide to the
mammalian patient at least subsequent to transplantation.

20  Preferably the method further includes the step of prescribing to the patient, prior to or after
the implantation step, a casein-free diet (as herein described).

Preferably the method further includes the step of exposure of the pancreatic {3 islet cells at
some stage after extraction from the piglets and prior to encapsulation to IGF-1 or to GPE. -
Preferably the harvesting of the islets at least during any substantial confrontation (eg;

25 mincing and/or enzymatic challenge) is in the present of a traurna protecting agent.
Preferably the trauma protecting agent is used during the isolation and/or preparation
thereof for encapsulation.

Preferably the agent is a trauma protecting agent is selected from suitable anaesthetic
agents.

30 Preferably the trauma protecting agent is lignocaine.

Preferably the patient prior to, during or after the step (d) has been subjected to a cholesterol
lowering drug regime.

Preferably the drug is of the “statin” family.



Preferably the harvesting of the islets at |east during any su antyl
confrontation (eg; 25 mncing and/or enzymatic challenge) is |H% hgjlp?@gént

of a trauma protecting agent. Preferably the trauma protecting agent is
used during the isolation and/or preparation thereof for encapsulation.
Preferﬁbl_y the agent is a traunmm protecting agent is selected fromsuitable
anaesthetic agents. 30 Preferably the trauma protecting agent is

| i gnocai Recterpblyithe dmegys prayagiaiin-ent prior to, during or after the step (d)

has been ' ] : I ' I ki ably the
rag 1 o SrARREEAEE it i iable POkl PG Bof gL PRIPE of HEFPRE™, ¥
pr avast akhifancl Bf tHealk wf & beitabledollagénage.abl e porcine islets obtained from
the extraction of step a) is enhanced by the use of a suitable

col | agen&seferablydheselifggnashés windtelfeormdunias LibaraslReer pareine hihesaseBl ber ase(r)
or porcine Liberase(n). 5. Pr ef erabl i d collagenase is human

Li berac’ge?’trﬁtj.&ag@rs@fﬁéoé%g?’afﬁg hél?ia?la[élﬁ?%sne%gf step a) includes mechani cal
treat mentp Gtrablahdé Sktfdchion oPteh af mludet hReclimedanfeatalent 6k ek, f ol | ows
application of "a suitable anaesthetic to the pancreatic tissue. Preferably
t he anae@réfetably ths mechanic imatmenfdiomisapalivaios aif @ spitdhle pracsthotis ihtheh t he
pancreatic 3 islet cells are extracted are at from-20 to +10 days full
term ges@&?‘f‘%‘."t}ﬁ?‘é?‘erabl y said piglets are at from-7 to +10 days full
term geswéfgqﬁ%yﬂlg’%ﬁe«@{h@m)glﬁbgaigé_ocorrpati ble material is a suitable

al gi nate. referably the alginate is in ultra pure form 15 Preferably
efic h 10s| @referablyrsaidopiglgtsofiromsitechsthie parereataplp ssdeticallnareientra¢ted aterpt fom -2hd

gl ucose porous bjgconpatible alginate or alginate-Iike surround.

Prefer ablt?/+i?laaﬁrdz‘ﬁﬁ§g{)%°cs%‘ﬁnpr ovides a surround which prevents, once

| Pl ant Cohrefdiabfihid bibRAHEe SPRLACY Wit dhiullsbift Bestdtionl er abl y_each
encapsul ation 1'nvo S presenting Islets and a suitable al ginate solution
Into Preferably said biocompatible material is a suitable alginate.

Preferably the alginate is in ultra pure form.
15 Preferably each islet or grouping of islets is entrapped in an in vivo insulin and glucose
porous biocompatible alginate or alginate-like surround.
Preferably the encapsulation provides a surround which prevents, once implanted, direct
tissue contact with the islets.
Preferably each encapsulation involves presenting islets and a suitable alginate solution into
20  a source of compatible cations thereby to entrap the islets in a cation - alginate gel.
Preferably said cation alginate gel is calcium-alginate gel.
Preferably said alginate used in the solution is sodium alginate, and the islet and sodium
alginate solution is presented as a droplet into a bath of suitable cations.
Preferably the islet and sodium alginate solution is of 1.6% w/w.
25  Preferably the islet and sodium alginate solution is presented as a droplet through a droplet
generating needle.
Preferably the suitable cations are calcium chloride.
Preferably the gel encased islets are coated with a positively charged material and thereafter
are provided with an outer coat of a suitable alginate.
30 Preferably the positive charging material is poly-L-ornithine.
Preferably the gel entrapping the islets within the outer coating is then liquified.
Preferably the liquification involves or comes about by the addition of sodium citrate.

Preferably the encapsulation produces capsules.



20 a source of conpatible cations thereby to entrap the islets in a cation
- alginate gel. Preferably said cation alginate gel is calciumalginate
gel. Preferably said alginate used in the solution is sodium al gigrg,atﬁ,L zlwl‘
the islet and sodium alginate solutiongis presented as a droplet into

bath of suitable cations. Preferably the islet and sodium al gi nate sol ution

Is of 1.6%wW 5 Preferably the i.sl et. and .sodi um al gi nate solution is
presente r%fﬁr_aﬁiycfﬁ%ﬁ@f‘{etsﬁ?%tﬂéhaQ@@b?é‘ﬁ%tﬁgﬁerati ng needle. Preferably the
sui tabl e peditiaBlisng bipsRb Conlccibahfaly RifigbaRlly. the gel encased islets

are coated wth a positively charged raterial and thereafter are provided
with an ®wferablyahé cafsubes have abdlasesdrgif isalhstantBlly Foef gyeabBO0 tdO0posironsy e

chargi ng_mat erj is,paly-L-ornithine. Preferahly the ge] entrappi t he
islets wP?%mHﬁf@Hemr@rh%ﬁ?qnﬁa of th ﬁ@ﬁaqewamw@é the lﬁﬁgftﬁ?fsmvﬁﬁ further

| qui fd cg{e'bgnoif.nvol ves or cones about by the addition of sodiumcitrate.
Pref erabl'y™t he ‘encapsul ati on produces capsules. 16 JUL 2004 -8 Preferably
the capsul es cawishing the ¢gdpsiilesi ty of islet cells. Preferably the capsules
contain substantially three islet cells. Preferably the capsul es have a
di aneter of sutferthast foating therpsuipowith 3lmnate torytralize yrysresidpgl chapggnan the

further s sty piinghodith Al AhAEh ARt ARRCEGE Epol L BHALhITRRAZ O | 0

with al gi nat e fseuedQtenahe 2atiRdpihas istualspiehrage on the poly-L-ornithine
coating and prevents direct contact of the poly-L-ornithine with tissues

when lthe Peeferably theplginase has heen psgsiuged wig.2 process arvehang thetstaps &figi nat e has

been produced Wi a roc i nvol vj he st eps ofi- Seaweed harvest-+
Washi ng- +Al gi mSERE %%S?Ts’g‘ﬁ@sﬁ}“lgt‘?)é%ee"-“ﬁ?@‘g‘??)?‘[lg?tf" h-Drying. in yet
anot her aspect-pReipitA&R+DAAngs a nethod for the treatnent of a mamalian

patient 15 suffering fromor predisposed to diabetes, said nethod including
or conprising the steps of: 20

In yet another aspect the invention is a method for the treatment of a mammalian patient
15 suffering from or predisposed to diabetes, said method including or comprising the steps of:
(A (@ harvesting the pancreas of piglets at or near full term gestation,
(i1) culturing the harvested pancreas in Mammalian Albumin
substantially free of non-human microbiological agents,
(iii)  simultaneously with step (ii) and/or after step (ii), extracting the
20 islets from the harvested pancreas using a suitable Liberase®,
wherein the islets (at least at some stage in the performance of (A)) are
f exposed to nicotinamide;
(B) (i) encapsulating the islets prepared by (A) with a suitable encapsulation
material that allows both glucose and insulin movement
25 therethrough, and

(ii)  implanting the encapsulated porcine islets into the recipient mammal.

Preferably the Liberase® is selected from human Liberase® or porcine Liberase®.
Preferably the Liberase is human Liberase®.

30 Preferably the extraction of step a) includes mechanical treatment of the islets.
Preferably the mechanical treatment follows application of a suitable anaesthetic to the
pancreatic tissue.

Preferably the anaesthetic is lignocaine.




25 (A) (i) harvesting the pancreas of piglets at or near full term
gestadtion, (d) culturing the harvested pancreas in Mammalian Al bugi gyl 2004
substantially free of non-human m crobi ol ogi cal agents, (lii)

simul taneously with step (ii) and/or afger step (ii), extracting the

Islets fromthe harvested pancreas using a suitable Liberase(g&, wherein
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novenent erethrough, and (ii) inplanting the encapsul ated porcine islets
i nt 0 t he Preferaplyethe methodefurthérioélodesthy step of bidsentdng forithe patienttpsiprite om hunan

Li beraseg _or porcjne LiberaseqV. .. Preferably. t Li berase i s human

Li ber asedfter thg ipp @F‘QBPS?Pt%‘éa%élﬁfﬁ%Fc‘i‘FHﬂs 3?S°§P6£§%{ lngncl udes mechani cal
treat nen | : @g@d} ' f gl
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t he anaesipRintatioh Stebitgaehalesterol lokier Hkg 2@de.- 9 Preferably the nmethod
further includes the step of adm nistering nicgtinamde to the recipient

mamal pPireferably the leﬁ’%?fgi lovenggdevs sof the stads” fBREY er abl y t he net hod
furth [ { f . i hi . : ' f, [ t
b tert nEMRIPErsed SholdsehofowRhfz et Pihyaltyid ASRRINERL . PLCT 10T s

Preferably the method further includes the step of subjecting the patient
prior to or after the inplantation step to a cholesterol |ower drug
regi nd) n effentlslagpach the piesenisingension| conrists iy enpapgulatedpanargaticislats af d't anj | y

Pr ef er abl ai d .chol est | owering drug is pravastatin or sinmvistatin.
10 In a %f%&légﬁ&%‘ﬁgoﬁfﬁﬁgnt i nvention consists in encapsul at ed
pancreatic islets of a kind useful in a nethod aforesaid. In still a

further aspect the present invention consists in a nmethod of porcine R
i sl et cellh still a further aspect the present invention consists in a method of porcine P islet cell

production and/or method of xenotransplantation thereof in an encapsulated form
15 when preformed by a procedure substantially as hereinbefore described and/or substantially

as hereinafter described and/or as shown in Figure 1 of the accompanying drawings.

In a further aspect the present invention consists in any isolated porcine islets or
xenotransplantable preparations including viable porcine islets where the digestion has

20 been in accordance with the method in accordance with the present invention.

In yet another aspect the invention is a method of treating a mammalian patient
predisposed to or suffering from diabetes which involves the xenotransplantation into
such patient at least one capsule of the present invention.

25
DETAILED DISCUSSION
1. General

The present invention recognises the ability to source appropriate islets from piglets which
have similar structural similarities of insulin to humans, and similar physiological glucose
30 levels to humans. The piglets used are at or near full term gestation. The islets are converted
into an appropriate xenotransplantable source of islets with viability in a human being by
following certain procedures in respect of the harvesting and extraction of the islets, the

treatment of the islets prior to xenotransplantation as well as regimes of use of such islets.



production and/or nethod of xenotransplantation thereof in an encapsul ated
form 15 when preformed by a procedure substantially as herei nbefore
described and/or substantially as hereinafter described and/or{gs ogmu{n
Figure 1 of the acconpanying draw ngs. {; a further aspect the present
invention consists in any isolated porcine islets or xenotransplantable
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present invention. 25 | LED DI SCUSSI.ON 1. nergl. The .present invention
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have s meh@i&rtﬁﬁélﬂ.(:t ural simlarities of insulin to humans, and simlar

physi ol ogi cal glucose 30 levels to humans. The piglets used are at or near
full termgestation. The islets are converted into an appropriate

xenot ranspl ant abl e source of islets with viability in a human being by

f ol I ovi ndMearAicAnyAgRURREIS VR 9 QWEP?BPTCE%SH%\&’\PI%‘E FRRSPIANENOR 1 acti on of
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wel | as rggﬁohé}gesgytgéée?gybseﬁgﬁﬁ@ ettﬁé:%l%vghg'UL 2004 -10 The mmj or advant age
of porcine i sIThe saatturdl aadbjpllegit: simibarities of poirare andbamanéhdulin
transplantation is that the jslet cel

1e 1sle | source can be readily expanded, and
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transpl ant at i IL.caly Wi (o) AN . ng i sl et
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| mpor t ant  consTdsimilamyof bhysvlagical glutde levets infpigsandihamans| (Weic& | s in
transpl antation approaches for type 1 diabetes include the follow_ng: The

structural andasnet-8ictl973i Fhisgtiectivaly mrappihal pig igef¢elspambs siPgried 190 The
fact that porcine_insulinh tr - 2 §f§§l v,

decades (and TR s‘cr)nnlf#fybtgélﬁeqf}ép gg%oﬁ%p}{{%ﬁgrﬁ agltétaglglf*£e | nséurﬁ:i)}\&?eé ‘3‘?‘*5% y
recentyy); anconddmratibmg.l arity of physi ol ogical glucose levels in pigs and
humans. (Weir & '

2. The N { the Di ine Diabet

Successful long-term allotransplantation of human islets can be achieved in over 80% of
patients when the disease is caused by non-immune processes. In contrast, even islets

20 obtained from a non-diabetic twin cannot reverse autoimmune diabetes long-term in the
diabetic twin member. This emphasises the critical role of autoimmunity in the failure of
islet transplantation. This observation has been validated in allotransplantation of rodents
with diabetes caused by autoimmunity as compared with diabetes due to pancreatectomy or
chemical §§ cell destruction. No large animal model of autoimmune diabetes exists. It is

25  possible that the use of islets from different species (xenotransplantation) could avoid
autoimmune destruction of transplanted islets, as the immune process of xenotransplant
rejection is different to that of allotransplant rejection, but this is entirely hypothetical in

humans.

30

3a. Animal Source and Transportation

All animals intended as a source of pancreatic tissue for xenotransplantation are obtained



Bonner-Weir 1997). This effectively neans that pig islet cells can be
expected to react simlarly to their human counterparts in nain a&)rlgﬁg
equi val ent bl ood glucose 15 concentrations. 2. The Nature of t ] /i
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(xenotrans Ion) cou avol aut ol truction of "transpl anted

i sl ets, afetdrbsis indanoelipescess of xenotransplant rejection is different to
that of allotransplant rejection, but this is entirely hypothetical in
humans. 30 3. Isolation and Preparation of Porcine Islet Cc]Us for
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i nt ended as "a source ancreatic tissue for xenotransplantation are
obt ai ned Hfilodike &02p1kal rbinokvilQ Realodpe paricreaseairt agayfedrédw o Beinrogrh dadiligetdr ng
facility which is maintained in accordance with the Anerican Associ ation

for Adkcr efurthertnresessing impepldirbesjic spntater opim! tubgsgontaining galdrbanks) ¢

mai nt ai n hi gh- t | OBy, Wi I .

husbandr youed Gall 2 drg S LG 2 Hichih B leEln THSAT R4, Blood

ar chi ved JaRfhelsi frirh ehoh donoPaRaentysiralddy Sstifg atd Rxeplasiah ectoldgySahples
under | yi ng objective of producing stron heterosis in donor litters. 3b.

| sol at i onfremdadhuerghn aretkephing freezeeat J@QFE forfyture tgsting HuregsssHlY- r enoval , the
donor pancreases are transferred to a cleanroomfacility for 10 further
processing in a cold plastic container in 50m tubes containing cold Hanks
Bal anged ﬁ@bﬁg§ﬁbﬂtion (HBSS) with 0.2% human serum al bum n (HSA) added.

Bl ood sanples fromeach donor are sent for virology testing and toxopl asma
ser ol ogy. Tigaistst eslls are isolated by standard collagenase digestion of the minced pancreas via the

procedure documented by Ricordi et al. (1990), though with some modifications. Using

aseptic technique, the glands are distended with Liberase ® (1.5mg/ml), trimmed of excess

fat, blood vessels and connective tissue, minced, and digested at 37°C in a shaking water
20  bath for 15 minutes at 120 rpm. The digestion is achieved using lignocaine mixed with the

Liberase ® solution to avoid cell damage during digestion. Following the digestion

process, the cells are passed through a sterile 400mm mesh into a sterile beaker. A second

digestion process is used for any undigested tissue.

25 We have determined that much greater yields per neonatal pig pancreas can be obtained
using either pig or human Liberase™ (eg; sourced in New Zealand from Roche) rather than
collagenase. Whilst there is disclosure in “/mproved Pig Islet Yield and Post-Culture
Recovery Using Liberase P1 Purified Enzyme Blend”, T J Cavanagh et al. Transplantation
Proceedings 30, 367 (1998) and in “Significant Progress In Porcine Islets Mass Isolation

30  Utilizing Liberase ® HI For Enzymatic Low-Temperature Pancreas Digestion”, H.
Brandhorst et al. Transplantation Vol 68, 355-361 No. 3, August 15, 1999 the yields
therefore therein are low compared to those we have discovered. If, for example, in

following the procedure of Brandhorst et al. there is a yield increase of islets over



fromeach organ are kept in a freezer at -80C for future testing if
necessary. 15 3c. Digestion The islet cells are isolated by standard
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Li berase For tic Low Tenperature Pancreas Digestion", H.
Brandhoré‘{)‘ya%mgﬂ]g%‘ﬁ@ﬁtat|on Vol 68, 355-361 No. 3, August 15, 1999
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If, for exanple, in follow ng the procedure of Brandhorst et al. there is

a i eltd |whucha$aid§ﬂ 2Pshenan serem albwninHS20010 mnwldohicotifamide asd antibietis00 t o
say 800 V%CIBP procedure using human Liberase (r) (ie; Liberase (r) H)
as in th tHor st et al. procedure but confined to neonatal porcine
Islets such as those as 7 days post delivery extra ordinarily |arger

yi el ds are possible, nanely, the equivalent to from 400 which would be the
case thhSechniﬂxty:ﬁ]oh&gﬂMe&chmeSOOOO whi ch as 5 can be seen as very mnmuch

greater thantht to be ex fr.omfoll.own cedur

Br andhor sf© E’EC Y ea‘%‘:toﬂtaﬁ‘?‘ﬂ “S%fd ?/\HWT\%]“L‘%’G‘%%PQ %s ﬁFb‘B@?‘%’&‘e{lr "qsue is
washegh t h 22 S8 bER eﬁd&bﬁtﬂﬁtﬁ)m& BPMfrer 1&ARISO thel O
which 1s a % hdman serum al bumin (HSA), 10 nmol /L nicoti nam de, and
anti bi otieell c(lﬂurf.r Besned. for microbiological contammatlon by accredited laboratories. Testing

for porcine endogenous retrovirus (PERV) is undertaken at the Virology Laboratory,
Auckland Hospital.

20  The islet yield is determined via dithizone (DTZ) staining of the cells. Dithizone is a zinc-
chelating agent and a supravital stain that selectively stains zinc in the islets of

Langherhans, producing a distinctive red appearance.

The viability of the islet cells is determined using acridin orange and propidium iodide.

25  Acridin orange is a fluorescent stain that readily passes through all cell membranes to stain
the cytoplasm and nucleus. Bright green fluorescence in both the nucleus and cytoplasm on
exposure to ultraviolet (UV) light denotes intact live cells. Conversely, propidium iodide is
a fluorescent stain that cannot pass through an intact membrane. It emits a bright red
fluorescence when exposed to UV light, and the presence of propidium iodide in a cell

30 nucleus indicates severe damage or a dead cell.

3f. Determination of in vitro Insulin Secretory Capacity

Static glucose stimulation (SGS) is used to assess in vitro function of the porcine islets by



3e. Quality Control Procedures To exclude any contam nation of the tissue,
qual ity control procedures are undertaken on 15 cell culture saripéej @f?@r&
i sol ati on and before encapsul ation. Three days after isolation, th U I
culture is tested for mcrobiol ogical gant am nation by accredited

| aboratories. Testing for porcine endogenous retrovirus (PERV) is
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propi diumiodide. 25 Acridin orange is a fluorescent stain that readily
passes through all cell menbranes to stain the cytoplasm and nucl eus.

Bri ghts gr f r ce in both the nucleus and cytopl asmon exposure to
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concentrations of glucose and theophylline. Determination of the in vitro
i nsullith secretory capacity is undertaken on both free islets (after 3 days

i | t d after thei b { | ati;on.
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traumatic to these highly specialised tissues. Such trauma can induce
necrosi s damagpdpthesilets. Subke prasedues bawe dpsured aeroavarsl igghagmia rompargdewithr aunma

may result from encapsul atiqQn. Processes used by.us in h
prgpar at i%%Wﬁ}lﬂ%*?ﬁufaﬁ'a‘ﬁé’ﬁpﬂéaﬁ‘é’@sﬁ?"é"t‘f‘ %vﬁ%t\?g ugggt;\g%% lﬁl&rﬁl@géo to ensure

M Ni "B enhance successful in vitro explantation, have involved minimal incubation time with

collagenase or Liberase, have involved swift non-traumatic encapsulation technology, have
involved the use of IgF-1 (or the GPE tripeptide thereof), the use of an anaesthetic such as

lignocaine, and the use of an antibiotic such as ciproproxin etc.

20  Our preferred preparation preferably uses neonatal (7-day old) islets which is cructal in
both limiting islet trauma during purification, and assuring sufficient maturation of the

islets for stimulated insulin production.

The IgF-1 (Human Insulin-like Growth Factor I ) is used in order to induce unmatured

25  porcine islets to mature to their insulin-producing form. IgF-1 is a potent mitogenic growth
factor that mediates the growth promoting activities of growth hormone postnatally. Both
IgF-1 and IgF-2 are expressed in many cell types and may have endocrine, autocrine and
paracrine functions. The preferred form of IgF-1 we have found to be the amino-terminal
tripeptide glycine-proline-glutamate of IgF-1 (GPE).

30
4b. Alginate Encapsulation Procedure
Sodium alginate used for this procedure is extracted from raw material sources (seaweed)

and prepared in a powdered ultrapure form. The sterile sodium alginate solution (1.6%) is



damage to the islets. Such procedures have ensured zero warmischaem a
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ani no- t er FeRIICapuigtion Proceaurs i ¥olyes dnga BIxips pd idets ang wil'im@&? te 30 4b.
Al gi nate Enca | 3% r od] . i f.or Qi edure is
xtr act o TG 0 P ShoER o S A0 g2 Bt o el Sl S

ul trapur echiefuth cHiBAdS! Thé Istets afitappedinothe adleiuaphlginatigd] hrebihen toatddwithl. 2004
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encapdll apasitiviely ehasged otk airnighing &losred yam aater saat of iginats (JPE%entheg

islets and ui tapl.e. al gi nate. salut i : i i {ato a
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al gi nat e gfkaiq 958184 laMd Bade<cd diahRtedbP30@taoum. The encapsul ation procedure
i nvol ves extruding a m xture of islets and sodium al ginate solution

(1.6%Vv w) through a droplet generating needle into a bath of gelling

cations al ¢ci um chl or.i.de).. The isl ets.eni;rapped ] e ' gi nate
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| i quefied by the addition of sodiumcitrate. Mst capsules. contain 3

i sl et s ancbating end préivente duectepnigoiofithe m-g.m)mithine with tissues when the entire

capsule is transplanted.

The encapsulated islets are kept in cell culture, and then checked for contamination,
20 insulin release and viability before transplantation. They are only released for

transplantation if all quality control tests are negative.

Ideally the alginate production process has involved the following steps:
Seaweed harvest—Washing— Alginate extraction—Filtration (preferably a 0.2 xm

25 filter—Precipitation—+Drying.

The ultrapure alginate used is ideally Kelco LV produced by Monsanto-Kelco, US and has
the following specifications:
1. Viscosity: 2% - 100-300 cps (Brookfield 25°C, speed 3,60 rpm)
30 2. pH:6.4-8.0
3. Protein content <0.5%
4.  Filtration: through 0.2 um
5

Chemical analysis:



After liquification of the alginate entrapping the islets, the "capsul es”

are washed, and 15 again coated with al ginate which neutralizes any§ Jui 2004
resi dual change on the poly-L-ornithine coating and prevents direct

contact of the poly-L-ornithine with tiggsues when the entire capsule is
transpl anted. The encapsul ated islets are kept in cell culture, and then

checked for contam nat] .20 insy}li el ease angq viahility before
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LV produced by ans‘gﬁt%%ﬂqbo, US ghcflﬂé’?m the fol |l owi ng specifications: 1.

Vi scosi ty: 2% gn dkis @&e?pﬁeﬁw L%qug[eé gat%nﬁél@n%doi?’l?é‘}g%iﬁg @n% EQR 2. pH

6.4-8.0 3. Protein content <O. tion: through 5.7 Chem cal
anal ysis: 16 JUL 200NB.-Asy €ael beld30 190 BUKY inths tpgins ddnsidetdd qrplotoxihrfresiO ppm
Zn: <40 ppm Sr: <40 ppm _Fe: <60 ppm Ph: <50 ppm As: <100ppb Hg: <40 ppb
Si: <10 pprh 5 Molacpiapvsighl 12000 - 190D KEd by LAL test (at University of

Perugi a): 39 . hal : in this test is considered
endot oxi n- reg%'yagnygm%bﬁc%ia%%%gﬂt%ﬁg?%g@% 190, 000 kD 8. Mannuronic
acid (M cont eGtlurddié ad{GPBor{tént) Gacton &F,)GePuronic acid (G content: G

fraction (FO) 39% 10 Ideally the filtration has been with a multiple
filtrl&ion process enploying positively charged filters that renove any

+| | popol ysﬁ%ﬁi}%ie %?traﬁl%'ﬁth%g been with a multiple filtration process employing positively

charged filters that remove any lipopolysaccharide content.

4c. Drugs used in the recipient

15  Transplantation does not require and avoids the need for cytotoxic agents to suppress the
immune system. Such agents are able to enter the alginate microcapsule and cause islet
toxicity, as well as causing systemic toxicity. Instead, nicotinamide and a special diet are

used (for rationale, see section 1.4 below).

20  The transplantation procedures of our earlier patent specification have the ability over a
period prior to rejection of providing porcine insulin. In this respect, we ourselves

conducted clinical trials.

Four type 1 diabetic adolescents received 10,000 free islets/kg bodyweight by
25 intraperitoneal injection. The islets were located from term piglets using the standard
collagenase digestion, purification and culture techniques described in section 3.2. All four
recipients received oral nicotinamide (1.5 g/day) and a casein-free as herein defined diet
both pre- and post-transplantation. A prompt reduction in insulin requirements, which was
not clearly dose-related, was noted in the first week after transplantation. The reduction in
30 insulin dosage range from 21 to 32%, and the response lasted for up to 14 weeks.

However, insulin doses subsequently returned to their previous levels.

The most likely reason for the transplant failure in these patients was chronic rejection.
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i nt raper iWehead néwskown elginafdiendapheited percenel isleatetdransplantsén ftwphginen s usi ng
t he standard col | agenase dj gesti on, r| fication and culture t chn' ues
descr i becﬁlmt@@é&lwﬁﬁ polonges) funetinming ofthe apsplanty. dhgiig ey werairansp i de
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bost - b antianrortERReS) Jﬂ%}&aﬁ%ﬁ%ﬁv@ ?F%b‘??% ﬁ‘ﬁ%‘?ﬁ%‘*&%ﬁf‘s@m. ch ves
not cl earthyothes £9,060 Eﬁ@ﬂﬂ:g (g 930/06d isléts). BotH patiehtswestk tredted pre- and post-

transpl antati on. "The reduction in 30 insulin dosage range from 21 to 32%
and the rtwp[dnstetwrawéwrﬂancqmamdqmdvmsbasedlwsmeﬁreeas TR geliprdediet.
subsequently returned to their previous levels. The nost |ikely reason for
the transplant failure in these patients was chronic rejection. 1 6 JUL
2004 - 16 Hipmg¥REred ?Ebc%dﬁ!ﬁ% Sh&i REFiguMEr Wad'@eddor Hé phapdeatidaythe hown

al gi nat e- encapsul ated porcine islet cell transplants in two human diabetic
pat i elfk s, enoamshibatige beingrastafwesany Ioket edlls afr-adeys tarftlg dayhful]j gesiatign psrused.
transplanted by 5 intraperitoneal injection, one patient receiving 15, 000
1TEQ kg (total 1,300,000 islets) and the ot her 10,000 IEQ kg (total 930, 000
islets). ﬁgg&meN@mg DRAWAYUGRr e- and post- transplantation with
oral nicotinamde and a soy-based/casein-free as herein defined diet. The
pr ef er r ecPrpfeored domes afshs hresent imventigu peexamples efseerkingrwilmowbe descabedn, t he
10 encapsul ation being as aforesai,d. .Islet cells of -7 days to +10 days
full gest%th mfe%?%%ﬁ%%“ﬁ@é@ﬁf‘%ﬁ‘ BHEBRAW NGS Preferred forns of
the pygsent invention or exanples of vvorkl ng wll now be described wth
reference to the acconpanying drawi ngs in which: 15

Figure 1 shows a preferred procedure for harvesting, isolating and preparing islet

cells (with either confinement or encapsulation) and the associated
treatment regime for a diabetic human patient in order to receive ongoing

benefit from the xenotransplantation,

Figure 2 shows the effect of collagenase from various sources on islet yield and
function,
Figure 3 shows the stimulation index of Liberase® against Collagenase clearly

showing that Liberase® preparations (both human and porcine at suitable
concentrations) gave higher yields and function in vitro than an optimised
concentration of Collagenase P,

Figure 4 shows the stimulation index of free islets when comparing the use of
ciproxin against a penicillin/streptomycin mix and against a control of no
antibiotics,

Figure 5 shows the results of exposure of neonatal porcine islets in culture with GPE

in comparison with control cells.
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2004 17 5. Exanples 5a. Exanples of use of IgF-1 *Note: in the foll ow ng,
di f f er ents pxRieiistentis culted whidll weerkposided [gh-tpacbiednbeismsclmtaspbnsevtal ues
vary. 5 10 15 porcine islets in culture which were exposed to IgF-1,

i ncr easedzledese.rbyi ustala hfdldiweense to gl ucose, by up to a 3-fold increase.

| ncubated 24hrs with CONTROL- no O lug/ntl IgF-1 after IgF-1 isolation

Incubated 24hrs with CONTROL- no
0.1ug/ml IgF-1 after IgF-1
isolation
10 Insulin secretion In 236uU/hr/100IEQ 75.2uU/hr/100IEQ
response to 19.4mM
Glucose +10mM
Theophylline After
3 days
15 culture Post
isolation

s A concentration of 0.1ug/ml IgF-1 in culture is sufficient to produce optimal insulin
secretion during glucose challenge. No further benefit was achieved by increasing the

20  concentration of IgF-1.

Incubated 24hrs with Incubated 24hrs with
0.1ug/ml IgF-1 1.0 ug/ml IgF-1
Insulin secretion In response 58uU/hr/1001EQ 56.8uU/hr/100IEQ
to 19.4mM Glucose +10mM
25 Theophylline After 3 days

culture Post isolation

« Variations on the duration of IgF-1 exposure were tried on the porcine islet cells.
However no increased benefit was found on culturing the islets with IgF-1 beyond a

30 24hrs period, post isolation.
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20

durations are yet to be investigated.

14 days post IGF-1
Exposure

3 days post IGF-1
Exposure

Insulin secretion In response
to 19.4mM Glucose + 10mM

Theophylline

1.3-fold increase Compared
to control

1.5-fold increase
Compared to control

islet insulin production.

Withdrawal of Nicotinamide from the culture media eliminated the benefit of IGF-1 on

Incubated 3 days With

Incubated 3 days With

to 19.4mM Glucose +10mM
Theophylline After 3 days
culture Post isolation

0.1ug/ml IGF-1 Without culture Media Without
Nicotinamide Nicotinamide
Insulin secretion In response | 47.6uU/hr/100IEQ 55.9uU/hr/1001EQ

A concentration of 0.1ug/ml IGF-2 during culturing appeared to increase insulin

25  production of porcine islet cells, after an initial exposure of 24 hrs. However, this increase

30

was transient to 3 days post exposure.

Incubated 24hrs With
0.1ug/ml IGF-2 day 1.

Control

[nsulin secretion In response to
19.4mM Glucose +10mM
TheophylineAfter 3 days
culture Post isolation

105.8/100IEQ

75.21/1001EQ




10 14 days post |G- 13 days post |G--1 ExposureExposure Insulin secretion
In responsel. 3-fold increase Conparedl.5-fold increase to 19.4nmvy ?gppsmgi
| O™ to control Conpared to control Theophylline 15 Wthdrawal
Ni cotinam de fromthe culture nmedia el |1§1 nated the benefit of 1G-1 on

days Wt hlncubated 3 days Wth

i slet insulin production. 20 Incubated
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G ucose F10mM  Theophyl i ne Afterg fugaMIGIIL Gy ¢, Post isolation A
concentrptitomof O T ug/m G2 durin gl turing app¢ared to | ncrease
i nsul i n pSnswtisckectetion Infrepponsene 3231[-51’11‘/8@15@ after an|idf8 wdhed@BEQire of
24 hrs. Heved.4mM iGlusoserdi0eedMe |was transient to 3 days post exposure. 30
| ncubat ed 134 lWeWIﬁQ"!idé_?Js 0.1y mM 1G-2 day 1. Insulin secretion In

5

response EQ&: ﬁ‘s}%sﬁﬂn 2r/ 1001 EQ 19. 4nM d ucose I OmM
Theophyl FmeArter 3 days cutture POSt isolation I 6 JUC 2004 -1I9 5 Tncubate

24hrs WthControl Olu m I1G--2 day 1.
»  Prolonged exposure to IGF-2 beyond 24hrs, failed to increase the insulin production of

the islet cells in response to glucose.

Incubated 24hrs With Control
0.1ug/ml IGF-2 day 1.
10 Insulin secretion In response to | 105.8/100IEQ 75.2r/100IEQ
19.4mM Glucose +10mM
TheophylineAfter 3 days
culture Post isolation
15
Incubated 7 days With Control
0.1ug/ml IGF-2
Insulin secretion In response to | 38.4uU/hr/100[EQ 39.8uU/hr/100IEQ
19.4mM Glucose +10mM
TheophylineAfter 7 days

20 culture Post isolation

5h. Effect of N-Terminal Tripeptide (GPE) of Insulin like growth factor (IGF-1) on

the function of neonatal porcine islet cells. _

GPE is a tripeptide (gly-pro-glu) derived from IGF-1. It is a novel neuroactive peptide with
25  apotent effect on acetylcholine and dopamine release in cortical slices. Previous studies

done using GPE support the concept that the proteolytic products of the IGF-1 precursor

play a role in the regulation of brain functions.

The aim of this example was to present the effect of GPE on the function of isolated

30 porcine islets in vitro.

Method

- Islet cell isolation with 2 pancreases;



Insulin secretion In response32uU/ hr/ 1001 EQ 39.8 uU hr/1001EQ to 19.4nM
A ucose +10mM Theophyl i neAfter 3 days culture Post isolation Pé)ghﬂ?g@ﬂ"
exposure to | GF-2 beyond 24hrs, failed to increase the insulin pr [

of the islet cells in response to gluggse. 10 15 20 Incubated 24hrs
WthControl O0.1u m 1GF2 day 1. Insulin secretion In response

t 0105. 8/ 100l E%?XE% %g{][ o 19. 4 .3 ucqgse +1‘ﬂm\/l Theophyl i neAfter 3
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Insulin secre &@di&?ﬁ{i’%ﬂ;ﬁﬁlﬁ et‘?pqi%r 7x§i§9(c@fiﬁ§rﬁﬁlb,%gn Sithiib kA EQ  19. 4nM

G ucose +1 eop ys culture Post isolation 5b. Effect

of N-Ter i nal GIE, pEP1 (19), BREmAHG) haws.05359RE, @édkvolutfoacifd0 WGt @da on
the function of neonatal porcine islet cells. GPEis a tripeptide

(gl y-pro-glu) vd@ar):\ﬂéldterﬁmﬁen igrRRAMI medjusn tp the fiapl enagendeasiony: d ugapk (16000 t h
25 a potent effect on | c | ne I ne release in corti cal
slices. Previ 8&“@?\@&13@8%@@?#8%&@@@ rt the concept that the
proteol ytic products of the 1G-—-1 precursor play a role in the regulation
of brain functions. The aimof this exanple was to present the effect of
GPE on the fumHE 0019d/mlsol ated 30 porcine islets in vitro. Method Islet

cell isolation with 2 pancreases;
2. GPE 0.1ug/ml

3.  GPE 1.0ug/m!

10
Keep the cells 3 days in culture before Static Glucose Stimulation (SGS). SGS involves
exposure of the cells to low and high concentration of glucose to check insulin production.
Using 0.1 ug/ml concentration add GPE to two plates 24 hours before SGS (day 2 after
isolation)

15
Results of Example Sb

Exposure of neonatal porcine islets in culture to GPE increased the insulin response to
glucose up to 11.5 compared with the control cells.(Stimulation Index control 13.3
compared to 24.8 when GPE was used) Viability of the cells was >85% DTZ, AO/P1

20 staining)

A concentration of 0.01ug/mi of GPE in culture is sufficient to produce optimal response
during glucose chalienge. No further benefit was achieved by increasing the concentration
of GPE in culture. See Figure 5 below.

25
The results suggest that GPE could be used during porcine islet cell culture to improve the
quality and function of the cells before transplantation. Furthermore GPE is a novel

neuroactive peptide found in human brain.

30 Sc. Examples of the effect of lignocaine when used during porcine pancreatic
digestion, on islet yield and viability.

Lignocaine is a membrane stabiliser and phospholipase A2 inhibitor. When used at a imM
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Ciproxin (3 mcg/ml) in another.

coul d be et—cell culture to-i-nAprovethe—guality-and
function| of the cells before tnangplepitilene Furt her nppRagdilasd $ 1ammovel
neur oact| ve peptide found in hyman brain. 30 5c. ExaangﬁoghnEhe ef fect of
| i gnocai pe_when used during porcine pancreatic digesfiéh onislet yield
and vi ab| Li \ fi ne is a npYyapeyst abiliser andepheospholl pase A2
i nhi bitorhb%ﬁég%khegg%qat alnvm e 195 e
10
Collagenase alone Collagenase + ImM
Lignocaine
Insulih secretion in response 46.4 uU/hr/100IEQ 163.8 uU/hr/100IEQ
to 19.4mM Glucose +10mM
Theophyline After 3 days
15 | culture
Post isolation
Conclusion: The use of Lignocaine during pancreatic digestion increases the insulin
production/g of pancreas by 6-fold.
20
5d. Examples of the effects of Ciproxin on Islet function as assessed by static glucose
stimulation.
Freshly prepared neonatal pig islets were prepared by standard isolation procedure and
cultured for two days in RPMI medium with standard additions.
25 Streptomycin {100mcg/ml)and Penicillin (100U/ml) were included in one flask and

The islets were harvested and an aliquot subjected to stimulation with theophylline and high

glucose.

The comparative insulin release from the islets---a measure of viability is shown in Figure

4.




1 6 JUL 2004 -21 10 15 20 concentration during Col | agenase di gestion of 7d
ol d porcine pancreas, a 2-fold increase in islet yieldis produc.Eg. Dil §®
endocrine function was assessed after 3 days in culture via stati ng o4
stinmulation. 5 Islets isolated with L_izg[locai ne during digestion produced a
3-fold increase in insulin secretion in response to glucose chall enge.

Col | agenase al oneCol | agenase + I mM Lignocai ne Average islet yield40, 960

| EQ g88, 183 TEQ g Col | agenase al oneCol | agenase + 1nM Li gnocaine Insulin

secreti 0g%%@gggﬁ%%Qf{éc%LJf%ﬁég%%Qg&?saﬁousf-’slcyu?&_/s ohOleFeiPar®: 4™M

d ucose + ine After ture Post 1solation Concl usion:
The use @indtiognocai ne during pancreatic digestion increases the insulin
production/g of pancreas by 6-fold. 5d. Exanples of the effects of G proxin
on | sl et Phnareaseoof nesnatakpl geg T<daxs werqphieisedas shavaand isienextractadpy

prepared _neonatal pig islet re prepared b t rd i-sol at.i,on procedure
ol tmengreeitdeninoty WEtrRR amun o STRRHESs TR AR5
Strept orr}g%dpez{sjtgg{m\g{mm@p%up@_ni cillin (100U M) were included in one flask
and Ciproxin (3 ncg/m) in another. The islets were harvested and an
al i quot $dldt extratbdtsirgg these riatonsnintdollagrmephspiutderepdanthunt whre agbessasb®r The
conparative insulin release fromt hﬁ- islets--.a measure of viability is
shown i nViabyily using propidium iodide and dithizone for insulin content.
DTZ staining >85%
10 AQ/PL >85%
The islets were then assessed for functionality by static glucose stimulation as above. The
results are shown in the Figure below.
It is apparent that the Liberase® preparations at suitable concentrations gave higher yields
and function in vitro than the previously optimised concentration of Collagenase P.
15
5f. Examples of the comparative effectiveness of islets prepared with Liberase P or H
in vivo
Islets prepared with the best concentration of Liberase® P and H in this way were injected
intraperitoneally into CD1 mice made diabetic by intravenous streptozotocin. The dose used

20 was 10 islets/g body weight of mouse. Ten days after such treatment the number of mice no

longer diabetic was assessed.

1/7 of the mice treated with the islets isolated with Liberase® P and 4/7 of those isolated
with Liberase H were non diabetic.

25
Similar experiments were performed using spontaneously diabetic NOD mice. Of the
surviving mice at 10 days after transplantation 3/7 of the Liberase P treated islets and 3/3 of

the Liberase H islets were no longer diabetic

30 5g. Example of Islet Encapsulation Procedure
The novel medium size microcapsules (300-400u MSM) are prepared by atomizing the

islet-alginate suspension through a special microdroplet generator.
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various sources on islet yield and function Pancreases of neonatal piglets
aged 7 days were obtained as above and islets extracted by 5 thef gajgl 2004
process, varying only the source and amgunt of col | agenase. The yiel d/gram

of pancreas is shown in the Figure. IsTets extracted using these
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59. Exanpl e of Islet Encapsul ation Procedure The novel medium size

im cr ocapJbk encapsdated deletvarg kept in eallegudtves) and, thep sheckied dor ¢patamination, insulin

release and viability before transplantation.

DEFINITIONS
15 Asused herein:

- “Administering” includes self-administering;

- “Casein-free” when referring to milk as used herein refers to milk which does not
contain a diabetogenic factor, particularly to milk containing no variant of B-casein
which stimulates diabetogenic activity in humans. With reference to International

20 PCT Application WO 96/14577, a non-diabetogenic variant for example, may be the
A2 variant of B-casein. The full contents of PCT/NZ95/00114 (WO 96/14577) and
PCT/NZ96/00039 (WO 96/36239) are here included by way of reference.

- “Casein-free” as used herein in respect of diefary considerations means at least a

substantial avoidance (preferably total avoidance) of such milk containing or derived
25 diabetogenic factors.

- IGF-1 is Human Insulin-like Growth Factor I and is a potent mitogenic growth factor
that mediates the growth promoting activities of growth hormone postnatally. Both
IGF-1 and IGF-2 are expressed in many cell types and may have endocrine, autocrine
and paracrine functions.

30 -  The N-terminal tripeptide of IGF-1 or “GPE" is the amino-terminal tripeptide
glycine-proline-glutamate of IGF-1.

- “mammalian albumin” as used herein means serum albumin from mammals,
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Sel f- R ni s{HFTEEed. 0 SpEfEte et sk Beclipiirel L PaHT st shicdi ey ARG Iulig oi p
refers to mk which does not contain a diabetogenic factor, particularly
to milk containing no variant of P-casein which stinulates diabetogenic
activity in humans. Wth reference to International 20 PCT Application WO
96/ 14577, a non-di abetogenic variant for exanple, may be the A2 variant of
(3-casein. The full contents of PCT/Nz95/00114 (WO 96/ 14577) and

PCT/ Nz96/ 00039 (WD 96/ 36239) are here included by way of reference. "Casein
free" as used herein in respect of dietary considerations neans at |east a
subst anti al avoi dance (preferably total avoidance) of such m |k containing
or derived 25 diabetogenic factors. - IG--1is Human Insulin-like G owh
Factor | and is a potent mtogenic growh factor that nediates the growth
pronoting activities of growth hornone postnatally. Both [1G--1 and | G~ 2
are expressed in many cell types and may have endocrine, autocrine and
paracrine functions. 30 - The N -termnal tripeptide of 1G--1 or "GPE" is
the ami no-termnal tripeptide




glycine-proline-glutamate of 1G--1. - "mammalian al bum n" as used herein
means serum al bumn from mnmuals, 16 JUL 2001 -24 preferably human serum

al bumin (HSA). "appropriate coll agenase" neans preferably Liberasg Hr%yl-éyﬂ‘
i deal |y human or porcine, ideally Liberase HV. "nmechanically reduced”

used herein includes any process where pancreatic tissue 5 is increased in
surface area eg, nechanical or water jet2§hredding, gri ndi ng, m ncing,
etc... 16 AL 2004 -25 CLAIMS: 1. A nmeth6d of preparing a

xenot ranspl ant abl e porcine islet preparation capable upon

xenot ranspl antati on of producing porcine insulin in an appropriate

reci pi ent qi?ﬁrms.the met hod i ncluding or conprising the steps of-. (i)
har vesti ng e pancreas of piglets at or near full termgestation, and

(i) prepaningAAnemdd/ bEpripaling Dfnoheatplantable petcivelslet prépanation capable
simul taneously with step (ii) and/or after step (ii) extracting pancreatic
P islet cellsupopnxenniransplantation of\profncing percipajordin inrag sppropriate he

i sl et t | t _aj t [ he. f £t t hoo

xposed Lo ni cBEEIRIEN FERmRL t Sreshod ERBeRE e Be T (6 1o

d fall t . t Al Lok | : t ' ' '
Sul table col| afinase oering B ARAGIER O rpRLHiorACk B i BEALBSERALT (Ve

por ci ne col | aggmase, ﬁﬁﬂﬁn%%ghfb 5m¢§g{dy¢mﬁ;gﬁmtu§]ﬁp§ harvest ed pancreas
in a supportive mamal iran al bum n substantially free of non-human

m cr obi ol ogi g:a(iiiagen;ﬁnul&neéusijawiﬁnhtqs(iijlmﬂfmchﬁcn step iii)m:tn'wﬁ'mgq:}amctda_éc B

Clai m'2 wher ei n'the IRHEEF PTG of B RVEERRCE o n (HSN) . 4. A

method as. cl al Rdrdif dHathésfert (i et be Sifie bidh@htn pErbinRafog Ge hi Hhetbod) are
exposed to nicotinamide, and wherein the piglets are at from -7 to +10 days full term
gestation, and wherein the extraction is performed using a suitable coilagenase
selected from purified human collagenase or purified porcine collagenase, and
wherein the culture includes harvested pancreas in a supportive mammalian albumin
substantially free of non-human micrebiological agents.

2. A method as claimed in claim 1 wherein the collagenase is purified human
collagenase.

3. A method as claimed in claim 2 wherein the mammalian albumin is human serum
albumin (HSA).

4. A method as claimed in claim 3 wherein the islets are treated with nicotinamide
after their extraction from the pancreas.

5. A method as claimed in any one of the preceding claims wherein the method
includes the further step of treating the islets with IgF-1 or the N-terminal tripeptide
of IgF-1 (GPE).

6. A method as claimed in claim 5 wherein the exposure to IgF, or to GPE is greater
for those celis from piglets furthest from full term gestanon.

7. A method as claimed in claim 5 or 6 wherein there is exposure to IgF, for all cells

extracted irrespective of their relationship 1o juil term gestation.

8. A method as claimed in any one of the preceding claims wherein the pancreas and/or



after their extraction fromthe pancreas. 5. A nethod as clained in any one
of the prcceding clains wherein the nethod includes the further_step of
treating the islets with IgF | or the NNtermnal tripeptide ofh&; L 2004
(GPE). 6. A method as clainmed in claim5 wherein the exposure to IgF, or to
GPE is greater for those cells frompiglets farthest fromfull term
gestation. 7. A nethod as claimed in clatr5 or 6 wherein there i s exposure
to IgF, for all cells extracted irrespective of their relationship |lo full
term gesi ationiggs dteEobfeetins naliftia tdcﬁn%mgcmmlafed frompsudtzblt gnacsthietie
wherein the pancreas and/or 16 JUL 2004 -26 1slets are subject to a traunma
protecting agemgestsl ected from suitabl e anaesthetic agents. 9. A nethod as
claimed in claim8 wherein the trau

) > na protecting agent i.s lignocaine, . 10.
A Mot hod ad-cl o medhad Ry meAen BRITHCM BrEECe TR TEETCHA PEFT 1S LBROETE
of the nethod jncludes chanically redycing t.he . r et he
presence ofiG hét T‘?eéﬁ%faf Eﬁffﬁﬁgﬁﬂ B?)éé“i” Hﬁ”’&d’ég‘fcw a%%i%%%’%%l@?% n
any one of the i LS. MRS, ,{}gﬁg\h veited bandréas iR ffqitahecoMmbe h
the islet cell ﬁ@g@ﬁxﬂ%fk%g@gwgﬁgﬁﬂm neglﬁg?% Ipl wherein said
antibiotic is qélpreatmxpritectinghgedt. met hod of preparing a xenotronspl antable
porcine islet preparation capable upon xenotransplantati oD, of prqguc,i n?
por ci ne i nduli M nrethod applaiped int eny poe bpthsmreersing claims whersin g8 RUORIANGIP ng

or conprising the steps .of (i) harvesting the pancreas of piglets at or
near full termaﬁm“’éﬁgm&t&%&?}e eil?. preparing a culture of the pancreatic 0

islet cellsga(iij ' YRR (kg SR f (i)
extracti ngsl&ané éﬁ#@‘l&g?@é@%ﬁ]% Plosrr%lﬁ%eelgcshfdt ur e] 0 ¢ ?ﬁﬁgééﬁ?ed
pancreas ang (Anh&RR6dBEpHaiarite 4 Rendtfdpldirthbie poirtinedsiel prepapatiobbspable
xenotranspl antable matertal, said material in vivo being both glucose, and

i nsulin por ous, upoxb3endiansplantation ot preducing errsine iRFINCID aP-PRPIAPTIALE o

cells prior to encapsul ati o . . . - \
P regip? nt mammsﬂ, said method including or comprising the steps of:

(i) harvesting the pancreas of piglets at or near full tenn gestation, and
@) preparing a culture of the pancreatic §§ islet cells
(i)  simultaneously with step (ii) and/or after step (ii) extracting pancreatic p
' islet cells from the culture of the harvested pancreas
and
(iv) encapsulating the islet cells with a biocompatible xenotransplantable
material, said material in vive being both glucose and insulin porous,

wherein nicotinamide is introduced to the islets or islet cells prior to encapsulation
at any one or more stages of the procedure, and wherein the piglets at or near full
term gestation from which the pancreatic B islet cells are extracted are at from -20
to +10 days full term gestation.

14. A method as claimed in claim 14 wherein the piglets are at from -7 to +10 days full
term gestation.

15. A method as claimed in any one of claims 13 to 14 wherein the extraction is
performed using a snitable collagenase.

16. A method as claimed in claim 15 wherein the collagenase is selected from human

purified human collagenase or purified porcine collagenase.




at any one or nore stages of the procedure, and wberein the piglets at oT

near filll termgestation fromwhich the pancreatic P islet ceIJk% gre
extracted are at from-20 to +10 days full termgestation, 14. odlBks

claimed in claim14 wherein the piglets are at from-7 to +10 days full
termgestation. 15. A nethod as clained jn any one of clainms 13 to 14
wherein the extraction is perforned us’i?ﬂg' a suitable collagenase. 16. A
met hod as clainmed in claim15 wherein the collagenase is selected from
human purjf i ed JuiFRR §0klsagedan el parwhiremt thor aillagenase! isgewraied human
16JUL2001 - 27 17. A nethod as clained in claim16 wherein the col |l agenase
is purified hwollagemaskl agenase. 18. A nethod as clainmed in any one of

claims 13 to 17 wherein the culture includes ar : C k

suppor t i vel sranfranethed #sislameddn @V&?Fi“glcr%}mﬁ rlégoolf\?e‘%%%&rﬁﬁ{r%aén]ﬁ%c inie}es

m cr obi ol ogi cal agents, 19 .A : ' ' ' 1allyefred of fde
manmal i an gl bﬂ?ﬁrﬁgﬁtg‘a Hmﬁasslgrﬁﬁgﬂgﬁ%n#n@ﬁg%?ﬂb%ﬁﬁ %11 IErrgieﬂtilflhod as clainmed in

any one of cl &j ffBarfitRbiblufiesieigenihe islets are treated with nicotinam de
after their extraction fromthe pancreas. 21. A nethod _as c¢laimed in an

one of clajgs A3nitBod s vaknel in ddim Hewhemin the measssaliznealbyigin HHUEILIFTYR
treating the islets with IgF-1 or the NNtermnal tripeptide of IgF-1
(GPE). 22. A naibhmin 8dSA)ai med in claim21 wherein the exposure to |gF, or

to GPE is greater _for those cells fr i t rih : QAN
gest at i on. 203, Anethpd asiclauned m;ang QnF H?@Pﬁ?ﬂ f‘fi%wﬁ%r@?%% gHét eia S
exposure to | gFk, for ajl : WeldRnbeat.i ve of their

rel ati onship tB’cf’{w‘l‘mfdétrar#egIg&sﬁﬁﬁ?ﬁ&ﬁ?’ﬁg%%ﬂ%eﬁod as claimed in any one of

claims 13 $p 23 @bl claiifediieians ofomins 13 i2bwheminthsangthed incdides theauna

protecting agent selected from suitable anaestheti agents. 25. hod
as clainmed in Alrgiemsp ofteeating thadslets aithalehr OB ﬁg‘eﬂﬂg‘ﬁi a?geﬂ’?ﬂd&%& | Qe.
(GPE).
22. A method as claimed in claim 21 wherein the exposure to IgF, or to GPE is greater

for those cells from piglets furthest from full term gestation.

23, A method as claimed in claim 21 or 22 wherein there is exposure to 1gF, for all cells
extracted irrespective of their relationship to full term gestation.

24. A method as claimed in any one of claims 13 to 23 wherein the pancreas and/or
islets are subject to a trauma protecting agent selected from suitable anacsthetic
agents.

25 A method as claimed in claim 24 wherein the trauma protecting agent is lignocaine.

26. A method as claimed in any one of claims 13 to 25 wherein step (iii) of the method
includes mechanically reducing the harvested pancreas in the presence of the islet
trauma protecting agent.

27 A method as claimed in any one of claims 13 1o 26 wherein an antibiotic is
associated with the islet cells.

28. A method as claimed in claim 27 wherein the antibiotic is ciprofloxacin.

29. A method as claimed in any one of claims 13 1o 28 wherein the biocompatible
matenial is a suitable alginate.

30. A method as claimed in claim 29 wherein the alginate is in urltra pure form.




26. A nethod as clainmed in any one of clains 13 to 25 wherein step (iii) of
the method includes nechanically reducing the harvested pancreas grET;Hﬁl
presence of the islet trauna protecting agent. 27_ A nethod as clai i 2004
any one of clains 13 to 26 wherein an antibiotic is associated with the
islet cells. 28. A nethod as clained in claim27 wherein the antibiotic is

ci profloxacin. 29. A nethod as clained -348-any one of clains 13 to 28

wherein the bioconpatible material is a suitable alginate. 30. A nethod as

cl ai med i mc! a maRodhetRimed fiard) @ewidaiis itod0twherpireach dslet origreuping
2004 - 28 31. A nethod as clained in any one of clains 13 toaﬁg wher i n
each islet or afiislepiinentrapped #i &1 & W mslingskelueere RATQUE KGR ln aelRq

gl ucose porous bioconmpati ble alginate or alginate-like surround 32. A

met hod as cl ai?feﬁigmﬁ*ecﬁéﬂﬂ@lm\ﬂher ein the encapsul ation provides a surround

11 S A TR T A Bty o iactsS

A nethod a eérel n each encapsul ati on invol ves

presenting ishic Beris, Dibé ApRnRIAEIRE! tistud contan witht the slsteur ce of
conpati ble cations ‘thereby to ‘entrap the islets in a cation - alginate

gel . 34. Aymet AGeethodak 2laimed imclimiid Whereinesach encgpsulagion dnvalves EtEtG8l i s
calciumalginate gel. 35. A nethod as ¢lainmed in claim.34 wherei

al gi nate used islets and s slitsblecignate SoMNEMIBIOG SOMTSE Of(jfl‘?ﬂlﬂghgﬁi @gps %&éﬂ;@g i um
al ginate solution is presented.as t into a bath of suitable
cations. 36. ASHHRM 1§§mdp3icﬁganrﬁiﬁl§a§$h§35 wherein the islet and sodium

al ginat e So)ut hQed5q o0 st h¥iiim 39 whérePodiasalgiratod is calciumi-agetc

wherei n t he 'sul e catirons are calciumchloride. 38. A nethod as clained

in claim37 whggein the gel encased islets are coated with a positively

charged material and thereafter are provide | th an aquter c
e ol ised Tl 281

sui t abl e aBfi nAtrecthad as dlaimediaclam 34 wherss Rl | ﬁﬁ?qc':ifes sg%hs)ﬂ i ve
charging mater L&limltg, a%%' the Lilet and sodium alginate solution is presented &s a droplet into a
bath of suitable cahions.
36. A method as claimed in claim 35 wherein the islet and sodivm alginate solution 13
of 1.6% w/w.
37 A method as claimed in claim 36 wherein the suitable cations are calcium chloride.
38. A method as claimed in claim 37 wherein the gel encased islets are coated with a
positively charged material and thereafter are provided with an outer coat of a
suitable alginate.
39. A method as claimed in claim 38 wherein the positive charging material is poly-L-
omithine.
40. A method as claimed in claim 39 wherein the gel entrapping the islets within the
outer coating is then liquified.
41. A method as claimed in claim 40 wherein the Jiquification involves or comes about
by the addition of sodium citrate.
42. A method as claimed in any one of claims 13 1o 41 wherein the encapsulation
produces capsules.

43. A method as claimed in claim 42 wherein the cepsules contain a phurality of islet

cells.



ornithine. 40. A nethod as clained in claim39 wherein the gel entrapping
the islets within the outer coating is then liquified. 41. A nethod as
claimed in claim40 wherein the liquification involves or cones 4®ujijl. 940t
the addition of sodiumcitrate. 42. A nethod as clained in any one of
claims 13 to 41 wherein the encapsul ation produces capsules. 43. A nethod
as claimed in claim42 wherein the capséfes contain a plurality of islet
cells. 1 6 JUL 2004 -29 44. A nethod as clainmed in claim43 V\herh&bn t he
capsul es cont 9 in@Hbs e blairatd jh tlained3 viersn thetapsples Sontaimbstntizdy dVEF ned
in claim43 or 44 wherein the capsules have a diameter of substantially
from about 300slebcdBO ni crons 46, A rret hod as clained in claim45 wherein

foll I ficat th
e, ur { netS. SUbReinpd 58 claimd v ol Baiet] At Fap APEknfIdiicn SRARRTAT oo

w th alginate k 306 aPh60 mieHs.e prepared according to the
nmet hod as cl als%%ataﬁ‘né@]ﬁlo one o? clains 1 to 46. 48. A xenotranspl antabl e

preparat i ofg, bemﬂembdlatacdmmeaqn\wam 45 poendin dollsviagdiquifiensioncef he@igiaitiy t o
a method as clained in any one of clainms 1 to 46. 49. A nmethod of preparing

a xenot r anspl aniteppingothe dslete there ere the dpraharsieps apabl e upon
xenotranspl antation of producing porcine Insulin in an appropriate
reci pi ent nmammeavashipg theeapsp ¥ as herein described with reference to one or

more of the Flg et cod ég%e ca%gale?%iﬂl alginate
47. A xenotransplantable capsule prepared according to the method as claimed in any
one of claims 1 to 46.
48. A xenotransplantable preparation being or including viable porcine islets
prepared according to 2 method as claimed in any one of claims 1 to 46.
49. A method of preparing a xenotransplantable porcine islet preparation capable
upon xenotransplantation of producing porcine insulin iz an appropriate

recipient mammal substantially as herein described with reference to one or more

of the Figures and/or Examples.






