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-1- "PORCINE | SLETS FOR XENOTRANSPLANTATI ON' TECHNI CAL FI ELD The invention
relates to the use of porcine pancreatic islet cells for the treatnent of
di abetes. More particularly but not exclusively it relates to the use of
porci ne pancreatic islet cells with 5_associated Sertoli cells for the
treatment of diabetes by xenotranspl a’ﬁlla'tion, .BACKGROUND Background and
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results in substantial norbidity and nortality, and has a major financial
i npact TEOHMNICALUgRINRti ents and heal thcare systens. Treatnment with
insulin, while |life-saving, often does not provide sufficient control of
bl ood g] ucose to prevent the |ife-gshortening conplications of the disease,
and t hi $heayeniion ealates totheise of Paesingcpangeratie dsleticatls farahe Eeatment pfdiabeses.
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cel Bs, abbeaisrd$erdl kells for the teateent biidiabeteOby edmonansplankbaion15 recei ved the
nost attention worldw de. This is because. islet cell transplantation can

restore_no I e insulin-secreting unit, but also the precise

fi ne-t-uﬁﬁn‘;&#ﬁm n release in response to multiple neural and hunoral
signals _arising within apd beyond the islets of Langerhans. As human islet .
cel | tr BsckeromndiandRatignale foxPoprine Idet Gel) Xemotransplandation, t he shortage. of

human 20 islet tissue, the use of pigislet cells is current Ittvl vi ewed as
“the nostType dniinsubig-depensentt dighotasi melditus is &) coryom eadening risander| thet s i8| ose
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rational e far i reat nent appraoach. (ternmed ' xengtranspl antation.) §s that
Uhe. | mpISQRERLPE B ERT 8 By B e ta Corapicatom Ghike Gieomannays ns
_ physi ol q¥eaalrideN Sy iMeADRPORSQIH ThbtPChelter. methods of achieving and sustaining
npnnoglycaemia, Among the newer trea‘_cmenf sta_teg_i_es that have been propgsed,
transplantation of pancfeaﬁc, B islet cells, obtained either from other humans or animals, has
15  received the most attention worldwide, This is beéziuse: islet cell transpianmtion 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.

As human islet cell transplantation (allowansplantation) is limited by the shortage of human
20 islettissue, the use of pig islet cells is currently viewed as the most promising altermative since:
(a) pig and human insulin have close structural and biological similarities;
(b) physiological glucose levels in pigs are similar to those in humans; and
(c) the supply of pig cells can be readily expanded by optimising the supply of donor
animals. '
25

The rationale for this treatment approach (termed ‘xenotransplantaﬁon’j is that tﬁe- implanted
. porcine islets have the potential to mimic the normal physiological insulin response in type 1
diabetics, such that near-normal blood glucose lc\?els may-be-achievable without insulin-or-with
a reduced requirement for it. As a consequence, longéterm diabetes complications may be



di abetics, such that near-normal blood glucose |evels may-be-achievabl e
mahout - insulin-or-w a reduced requirenent for it. As a consequence,

| ong-t er mwoabetAassieonpl i cati ons nay be WO 2004/ 113516 PQGMKZH0R00090130 -2
prevented and patients shoul d experience | ess hypogl ycaem a than they do

with the currently recomrended "intensiv2~ insulin reginmens. Barriers to

the Introduction of Porcine Islet Cell Xenotransplantation and Measures 5
Adopt ed t?reﬁdﬂe&‘s@d Bitantshould ek perienteeé hsbodi@@ii thahuhee dedvith the qurehtiens
and pitfalls before it can be inplenented, and xenotransplantation of

por ci ne | BreMMERded iptensive’ dnpliBIPYReNSher e have been a nunber of scientific
and ethical/political barriers to inplenentation of the procedure, but as
know edge in the field has grown, these barriers have steadily receded. The °
probl ens that have 10 arisen include: 1) 1. Rejection of islet cells by the
reci pi ent Barsiersuetiry bitgodudtivn vilBoeciabi IslétyCell Xdintrinsphaatior atidi Meabgres o
the recipient's i nmmune system has been a- major scientific barrier to A
succedsf ufdpatedito Address; | antation. Strategies enployed to address the
probleminclude: 15 a) Concurrent adm nistration of inmunosuppressive drugs

- which, Ahpupgv stiestmedt atratggy usi burdenedi witho ipeobleme nandamlﬁzllsétr%gfﬁrarit asano e

studies, has._th ual, di sadvant age of, rodugci ng,adverse effects an both the
transpl an‘@#@%ﬁ@f‘i@@?ﬁz}%@fl algﬂﬁ °lf Hgﬁ%?ne ]éﬁ%] F%ls[ Wte%ﬁ@%%egﬁ‘vgﬁ? cn a
reduci ng #kfbér dffeitntific H0d hiealpoliticalohdaens BNchpldifenthtidie6f BicepYocddurd but as
exposing patients to the risks of a variety of Serious conplications,

i ncl udin pdgstinxthe fiekd bap @xowwn.dheseibagriery ipen steqdilygacededc tlems that have
susceptibjlit .infection and osteoporosis). Mreover, this approach is -
not zﬁvvay%nsgfl%{%cg'?qe\‘/e in altering the course and incidence of rejection j
epi sodes. 25 b) Devel opnent of novel, non-drug 'inununoprotection'strategies
to shield the transplanted islets fromthe recipient's immune system and

t hus prevent |l ocal inflammtory responses
HS P 1. Rejection of islet cells b})lz the gecipient's immune system: the vulnerability of the

transplanted islets to the recipient's immune systém has been a-major scientific barrier to
successful islet cell transplantation. Strategies employed to address the problem include:
15 '

a) Concurrent administration of immunosuppressive drugs — which, though successfully
utilised in some recent allotransplantation studies, has the dual disadvantage of
producing adverse effects on both the transplanted islets (i.e. impairing their
engrafiment and function and reducing their insulin secretory responses) and the

20 recipient (i.e. exposing patients to the risks of a variety of serious complications, - )
including nephrotoxicity, neurotoxicity, hypertension, increased susceptibility to
infection and osteoporosis). Moreover, this approach is not always effective in altering

the course and incidence of rejection episodes.

25 b) Development of novel, non-drug ‘immunoprotection’ strategies to shield the transplanted
islets from the recipient's immune system and thus prevent local inflammatory responses
and chronic rejection, while still allowing them to function by secreting insulin and
controlling glucose metabolism in the body. Among the various "immumoprotection’  «

strategies that have been investigated are:
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and chronic rejection, while still allowing themto function by secreting
insulin and controlling glucose netabolismin the body. Anbng the various
i munopr oWE&RAPHPHS516st r at egi es that have been investi gat CTANEZI0REII/O

2004/ 113516 PCT/ NZ2003/ 000130 -3 Tubul ar diffusion chanbers and perfusion
devices (artificial pancreases). As yet ~3tere is little evidence that this
approach is clinically useful. Encapsulation of the transplanted islets in

al gi nat e mi cr ocapfubder diffusionghembarsrand perfusionvdevices dapifivial astigasshowasi yet
experinmental studjes .t onf.er sianificantly. 5.l.onger nctional durations
on transpl anted igeléetlgﬁﬂﬁé% %&é?h%&%ﬁpﬁoifﬁé%‘?%gﬂﬁ’aﬁsg islets, has been
extensi vel y | nvesthaab@stidoP MROkATBRLAY ERASHSIEhateHhARELBSuleREMES SRR,

the diabetic state wth xenotransplants of alginate- encapsul ated porcine
i sl ets has been awbishpié diaeel previ@bly shayen e exgaroendalattudies to ynfer significantly

streptozotocin, NIGD NOR- obes | abetic) mce Ze nd.white rabbits. 10
rendefed di abeti c.03§éral Bﬁﬁg?ﬂﬁa%ag‘ogf)pﬁpanﬁfﬁg%%gi a%lé%l c“ﬁogc.’mP?PSQBdi‘ﬂﬂbn,
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undertaken in tw type 1 diabetic patients has provided encouragi ng

results, w th bot fiabetes. eReversalx wifbihe rdiabebidustatt | withil kenateagspladsreof salginate-
Cont i nued functionin f the isle wa still evident .jn both indiyidyal.s
2t 14" ont hs- af t SPPRRIE BFFELE Bl e besd eeraainues 1 S1f) mtr wpdied cfabRte
or any evidence Ofy REESLARER! NOD '@bnbBéRClabdic) Rl ARSPIZ3RLAL vAiteOtabbits

islets with Sertol1 cells isolated fromthe testés of nale donor aninals.
Thi s 18pproach hasrepdernd slidhwtictby pHoxangtanilsd spentanranslyt dichetiendogreli addition, a

rejecti on and enhange.t heir, functi.ona erf ormance.,and | ongevi . 20 2 .
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the risk of introducing mcro- organisns during cell processing. .
exhibiting reduced ins requirements. Continued functioning of the islets was

still evident in both individuals at 14 months after transplantation with no evidence

15 of adverse effects or any evidence of porcine retroviral infection.
» Cotransplantation of islets with Sertoli cells isolated from the testes of male donor
animals. This approach has been shown to protect islets against immune-mediated

rejection and enhance their functional performance and longevity.

20 2. Possible transmission of infectious diseases: this potential concern centres around the risk
) . of transmission of porcine diseases to the recipient, and the risk of introducing micro-

organisms during cell processing.

3. Ethical issues concerning xenotransplantation: these include concerns over the ethical

25 acceptability of using animal tissues for transplantation, the welfare of donor animals,
obtaining informed consent from patients selected for clinical trials, and the impact of the

procedure on them. These issues have been addressed by bodies such as the Nuffield

Council on Bioethics in the UK and a number of recommendations to protect the ethical

¢ integrity of future human research have been made. These include the “ethical
30 acceptability” of using porcine tissues for xenotransplantation; the need to avoid or
minimise harm to donor animals; the requirement to provide patients with a detailed

explanation of the likely success, attendant risks, and the subsequent quality-of-life that can

be expected when obtaining their informed consent; and informing patients that their



3. Ethical issues concerning xenotransplantation: these include concerns
over the ethical 25 acceptability of using aninmal tissues for
transplantation, the welfare of donor aninals, obtaining inforned consent
frompatients selected for clinical tridats, and the inpact of the procedure
on them These issues have been addressed by bodi es such as the Nuffield
Counci | orcoBsametthi the proceduvee lkcladed comsembier ondoing qosteEamiplanio mictpbiclpgiabct
the ethical ntegrity of future human research have been nade. These
“include t t"t“ﬁ‘gcal 30 acceptability" of using porcine tissues for
xenotranspl antation; the need to avoid or m.nimse harmto donor ani mals;
the requirenent to provide patients with a detailed explanation of the

| i kel y success, attendant risks, and the subsequent quality-of-life that can
be expeQREE THEINYENHIQN r i nf orned consent; and inforning patients
that their -4 consent to the procedure includes consent to on90|ng
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STATEMENTS OF THE | NVENTI ON 10. According to a first aspect of the invention
there is provided a method of preparing aggregates .of porcine pancreatic
-islets and porcine Sertoli cells capable upon inplantation. into a recipient,

of produsrAYEMENTS OF THE IOVENTGDMI ng or conprising the steps of: 1)
i solation of porcine islet cells fromthe pancreas of donor p| glets;

i sol@t | %&Mg&a aﬁt%ﬁ&pbfme%ﬁusﬂ aiaéia%sﬁaéae& nfdthod T Prepitity . s(ﬁie%a:éﬁ 3)

culturing the Sertoli s for at .least 1 day; 4) additi on of
-por ci ne @gioreing pancreatic eﬁlqta m@lp@um@cﬂoh otilsscapably upoe itaplantationeigta arecipient, 5)

Sorapi LS@#&%&%&E@J‘ da Rl By 3Rk BBt o, 1 agor coat o6: And

isolation of porcine 1slct cells from the pancreas of donor piglets;

2) :solauon of porcme Sertoli cells from the testes of donor piglets;
15 - 3) culturing the Sertéli cells for at least 1 day;
4)  addition of lis.olated porcine cells to the cultured Sertoli cells ata predetermined ratio;
' 5) . co-culturing the islet cells and Sertoli cells for at least 1 day;
6) scra‘ping the Sertoli‘ocll layer over the. islets to form aggregates; and
D cultin'lug the aggregates for up to 24 hours.

20 Preferably the combination is in a prcdétermining matio from 1:20,000 (islet:Sertoli cells) to
~ 1:100; more preferably the ratio is between 1:2,000 to 1:4,000.

Preferably the cultunng stcp is over a time penod between 3 to 7 days more preferably it is for
S days. _

25  Preferably the isolation of the islets is followed by purification of the islets,
Preferably the isolation and purification -of the isléts topether comprise or include the steps of:

a) surgical removal,
b) collagenase digestion,
c) ~washing and culturing of the islets.



7) culturing the aggregates for up to 24 hours. 20 Preferably the

conbination is in a predetermning ratio from-1:20,000 (islet:Sertoli cells)
to 1:100; WM/ HEE0erably the ratio is between 1:2,000 tRETINZ2003R90130

Preferably the culturing step is over a{ﬁ'rre period between 3 to 7 days nore
preferably it is for 5 days. 25 Preferably the isolation of the islets is

f ol | owed rifjcation af the j.sl et Pr. rably the isolation and
purifi cat éﬁgél?lytt#%g"ggﬁbé’%“q}wmg?‘%?%?Wncl ude the steps of: a)
surgical renoval, b) call a;genase di %@i‘ti on, c¢). washjng and eutturing of the

i slets. Wyekiably thaiselgtipref the dersl gelépis dollovs ymgw phihediegel cells:

i nvol ves Liberase H and Xyl ocaine. Preferably the isolation of the Sertoli
cel | s i s Priférablydhe ysobationf angdapurificatén oh ghesSental rellsetogsther Pomprseadt include the

i sol ati on_and fpuri fication of the Sertoli cells together conprise or include
t.he step§te}65f9'5 a) surgical renoval, b) digestion with trypsin, Dnase, c)
washi ng and culturing of the cells. Preferably the nethod includes the step
10 5)°vi rol di eagicghtémavekobi ol ogi cal testing and/or nonitoring of the

aggr egat es d/ : : eof. Preferably or alternatively the
met hod inclu eg eSt;l)res eﬁ%@‘f%ﬁ%&step 1)) of virological nonitoring and/or

testing of @)ewashipgahdcahiringditle cllist he islets and Sertoli cells. 15
Preferably the nethod includes additionally or alternatively a pre-step of
virological nonitoring and/or testing of the piglet donors. Preferably the
islets and Sertoli cells derive fromthe sane herd, nore preferably fromthe

same Preferably the method includes the step

; )

10 5) virological and microbiological testing and/or monitoring of the aggregates and/or

components thereof.

Preferably or alternatively the method includes a prestep (before step 1)) of virological
* monitoring and/or testing of one or preferably both of the islets and Sertoli cells.

15  Preferably the method includes additionally or alternatively a pre-step of virological monitoring
and/or testing of the piglet donors.

Preferably the islets and Sertoli cells derive from the same herd, more preferably from the same

donor piglet.
) Preferably the piglets are one week old donors.

20 Preferably the piglets are monitored and/or tested for infectious agents.
Preferably the pig herd is a New Zealand pig herd.

Preferably the step of the formation of the aggregates involves: the preservations of the original

characteristics and/or native structure of the islets.
25

According to a further aspect of the invention there is provided an aggregate of porcine islets

with Sertoli cells prepared substantially according to the above method.



donor piglet. Preferably the piglets are one week old donors. 20 Preferably
the piglets are nonitored and/or tested for infectious agents. Preferably

t he pi g heval20/133sew Zeal and pig herd. Preferably the stpemnaf2083nmofzor mati on
of the aggregates involves: the preservations of the original
characteristics and/or native structure -ad—the islets. T 25 According to a
further aspect of the invention there is provided an aggregate of porcine

i slets whddordiag tohithied hbpecpothariedertiohsheantis pidvidedces arethod) of treatidg alymtient
met hod. WD 2004/ 113516 PCT/ Nz2003/ 000130 -6, Accor di ng to a third aspect of
the i nverftfigringfEom digb sipomelites eomprsingioninchidmethe gteas pht i ent suf fering
from di abetes nmellitus conprising or including the steps of: reparin

one or nolle MERATEGNEDTGROTP Gggicgates of persingiisktsSwith Settole eelll%plppzﬂ pehstantially >’
substanti al | cor to bove method, 5 2) inplanting or otherw se
adni ni sterlrf’é%ﬁgl %ﬁ)?%o %&Eﬁgte to the patient. Preferably the step of .
I mpl Qr dm ni stering the a r egat by: - encapsul ation of the -
aggregat i P @?PS&’BP@‘ EBWBH’(I %rméﬁ aggﬁ;,ggteﬁ?g:f Fty a suitable

al ginate), 10 - confinenent into a suitable device (nore preferably a

vascul ari zed tube for exanple) - matrix preparations including preparation
of gelatin, collagen, and natural carbohydrate polyners. - plasma thronbin

clot - alitrefepabdy theptepsofimplantisg pr adininésfermg the aggrogatamay helbnyonbi n. 15
According to a further aspect of the invention there is provided a device

for i npl ant adncapkuiatib ofothe eapighgatyl irs Hfsuttshle bhibdonipatibih fiabgial¥iotd peaferubly a
devi ce | ncorporatl ng aggregates of porcine pancreatic islets and porcine

Sertoli cel |Sitablgal @epdelegat es bei ng, or possessing the
10 - confinement into a suitable device (more preferably a vascularized tube for example)

- matrix preparations including preparation of gelatin, collagen, and natural carbohydrate

polymers.
- plasma thrombin clot — autologous plasma clots produced with allogeneic thrombin.

15  According to a further aspect of the invention there is provided a device for implantation into
a recipient suffering from diabetes meliitus, the device incorporating aggregates of porcine
pancreatic islets and porcine Sertoli cells, the aggregates being, or possessing the

characteristics of, the aggregates previously described.

20 Preferably the device incorporating the aggregates may be one of: _)
a suitable biocompatible material as a capsule (more preferably of a suitable alginate);

- avascularized tube;
- a matrix preparation including preparation of gelatin, collagen, and natural carbohydrate

polymers,
25 - aplasma thrombin clot — autologous plasma clots produced with allogeneic thrombin.

According to a further aspect of the invention there is provided a method of preparing
aggregates of porcine pancreatic islets and porcine Sertoli cells prepared substantially
according to Figure 1.

30



characteristics of, the aggregates previously described. 20 Preferably the

devi ce incorporating the aggregates may be one of: 1) - a suitable
bi oconpat iW¥PE0HAETPal as a capsule (nore preferably of XCI(NZA2HEHWE0130
al ginate); - a vascularized tube; - a mat_;i_x preparation including

preparation of gelatin, collagen, and natural carbohydrate polyners. 25 - a
pl asma thronbin clot - autol ogous plasma . clots produged with all ogeneic.
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Sertoli S prepared substantially accor g to Figure 1.

2004/ 113516aGlileNt2068/cd FigBes 2 to/5S.According to a further aspect of the
imvention there is provided an aggregate of porcine pancreatic islets and
porcine Sertoli cells substantially as described herein and with reference

to ané one_or nore of Figqures 2 to 5 " 5 DESCRI PTION OF THE FI GURES Fi gure
7 i 11 st r RESCRIPTION QFEHENIGSURES pref erred nethod of aggregat e

preparati ccor di; i i on:s ki _ 0l i
P Eer 24, P oo o Mkl DL AR B Ghed aoind oFUBHENG prppren

The invention disclose einrelates to the preparation and use of an
"aggregate" of Sertoli cells with porcine islets. 15 Prior art nethods

i nvol ving.the yse of. . Sertoli cells and islets (Cor. other cells) have
gener al | PSR veq HPGERCIo5EaTIE el teeef SeRintnhpar ac of y and putti ng

togetiper at the tinme of the transplant.

) DETAILED DESCRIPTION:

The invention disclosed herein relates to the preparation and use of an “aggregate” of Sertoli

cells with porcine islets.

15  Prior art methods involving the use of Sertoli cells and islets (or other cells) have generally
involved processing and isolation of each separately and putting together at the time of the

transplant.

We have found that preparation of an aggregate, in a predetermining ratio of Serioli to islet

20 cells, and co-culturing allows the islets time to grow and to use the growth factors deemed from

" ) the Sertoli cells in vitro before the transplant. We have found the islets function better as they
are protected by the layer of Sertoli cells.

Ideally both the islets and Sertolis are derived from the same donors. This simplifies viral

25 screening.

By “aggregate” as used herein we specifically mean a discontinuous layer of Sertoli cells over
the surface of the natural islet structure.



W have found that preparation of an aggregate, in a predetermning ratio of
Sertoli to islet 20 cells, and co-culturing allows the islets tine to grow
and to usewé bmagrmyd h factors deenmed from the Sertoli ceCiraizizevswodise before
the transplant. W have found the islets function better as they are
protected by the layer of Sertoli cells.-8deally both the islets and

Sertolis are derived fromthe sanme donors. This sinplifies viral 25

scr eeni ndRatiorEe foxrgCoteausptintation 9£8eiteli €ellswdtlsfsbaas fi cal | y nean a

di sconti nuous | ayer of Sertoli cells over the surface of the natural islet
st ruct ur eCotitRspIRk4tidd 35 isfet RRETlS WROSkHB0R1S Gsolat8d ekl tHeAested 6F donor animals has
Cotranspl antation of Sertoli Cells with Islets Cotransplantation of islet )
cel | s wi theesivegigatedas ampansiofelfeYii&m t he testes of donor animals has been~
i nvestigated as a neans of achieving: (a) protection against inmune
rejection; afel motgtfiorsagamst ahinome refectiny; anidt otic rate of islet cells such
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role in variou | j g‘ﬂfc‘b. b : ; nt hesis of certain
grow h factors | e. g%?%sgg?bﬁ%l | keb%ﬁ%%ﬁauﬁﬁhoﬁwgggor? % (IG~-1, 1G-2) and

10 epidermal growth factor (EGF)], i nmunonodul ation [possibly as a result of
increased secretion of transformng growth factor-beta I (TG (3l)], and an

Cper oo oS 0o Rl ol Sl SRS hosPh S e
i mproves gyhithetiB of béridn bibvahiBaals [e2MRRUBAGNRe @fovih BEtbrs PRSH b RGF-1, IGF-2) and

xenotranspl antation of “islet- 15 sertoli cell” aggregates in diabetic rats,
rabbl s apidenorl groweh factor RgE)] shmunempdulstion/fpessiblylas adest efineresssdsaeretion -
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appears t@n&fpn el ated to

Qur recent studies in experimental animal models have shown that the presence of Sertoli cells
improves the in vitro fimctional competence of islets, and that xenotransplantation of islet-

15 sertoli cell aggregates in diabetic rats, rabbits and NOD mice prolongs islet cell survival,
leading to reversal of the diabetic state. The precise mechanism by which Sertoli cells protect
islet cell grafts against immune rejection is not precisely kﬁown, but appears to be related fo
stimulation of the productibn of growth and differentiation factors by Sertoli cells.

20 Thus, our invention deals with cotransplantation of Sertoli cells with islets as aggregated such -
that the Sertoli cells can act as "nursing” cell systems for the islets, providing both efficient

immunoprotection and enhancement of their functional performance and longevity.

" This approach is complementary to, and synergistic with, other approaches for providing
25  immunoprotection and functional longevity for transplanted islet cells.

In particular our invention deals with the use of islet-sertoli cell aggregates in:

m Alginate-encapsulated form — to provide additional immune protection of the transplanted

30 islets. The feasibility of co-microencapsulating Sertoli cells with islets isolated from rats



stimulation of the production of growh and differentiation factors by
Sertoli cells. 20 Thus, our invention deals with cotransplantation of
Sertoli ceWO04/118516s| et s as aggregated such -~ that th®CIEYE2003/0088P| s can
act as "nursing" cell systens for the islets, providing both efficient

i munopr ot ecti on and enhancenent of theit?functional performance and

| ongevity. This_approach is conplenentary to, and synergistic wth, other
appr oaches fB#s pewy demegstrated innaunh stdisse cWeo have dnf wﬁclag@wwneﬁdnwwydffb@
transpl ant ed_g | B - J: I ' | ' . f
I sl et-sertol ‘leffﬁclee?l y%%%%%ggtogéalparﬁ%ﬁ)ﬂk? gtlra%gﬁlaelitg\éggl S %&a&ggﬂi%ér@%é -gelrttggle'lﬁ;%\??]ge
addi tional i sgpieeat@rintegpdringentalfanithalst ranspl anted 30 islets. The feasibility
of co-m croencapsulating Sertoli cells with islets isolated fromrats WO
2004/ 113516 PCT/ Nz2003/ 000130 -9 has been denonstrated in our studies. W
have, in our |aboratories investigated the efficiency and safety of

I ntrapgerigon l. : '
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for the placenment of the islet-sertoli cell aggregates. Thi s approach is

al ready bei nﬂrﬁaﬁlbtemﬁn'dteﬁ“ W&Jﬁﬁl@%ﬂﬂﬁlﬂ?ﬁ“ﬁaﬁ Fgg’l’ﬁﬁtq&ﬁ{%én@ﬁﬁ‘isabet es
mellitus. ™~ Matrix preparations - in which islet-sertoli cell aggregates are
cultured on gelatin, )10 collagen and/or -other matrices supplenented with
nat ural carbohydrate polyners. Studies wth this approach are currently
bei ng undar t Muenix | prepaviationss ~wid hwhiclarislpl-sentoli ofll iaggepaiserare|dultured| bn gelatin,
aggrnegates with islet-sertoli cell ratios petween 1:2, 000 and 1:4,000,
Pl'agitll Thr ontalieeen snd/or pheromatises ﬂmpi@wt Bite 3R 3 pOlyBigEn Sy tudies
thrombin as g; ] ' : 9 [ : ' e
I slet cell: %}aﬂrl'?jg]s Pb@g?{m?%k; @J(ggnttﬁat %%ﬁé&&?gﬁﬁ%ﬁﬂ\g}@%ct %Fﬁtggm Sﬁgeﬂ&b
i sl et s agai nedl! dggrepates vajhaelet-smtodineImattosstwéanni:2 000 ahd Ldy@dvi ty may range
from1:20,000 ratio to provide maximal insulin release dowmn to at |east
1:2,000. The range is based on the -)20 findings of experinental studies
with islet-Sertoli cell aggregates conducted in our |aboratory,

u  Plasma Thrombin Clot — Auiologous plasma clots produced with allogeneic thrombin as a

15 biocompatible containment device.

We have determined, the islet cell: Serioli cell ratio that provides optimal protection of the
islets against immune rejection and maximat functional longevity may range from 1:20,000
ratio to provide maximal insulin release down to at Ieast 1:2,000. The range is based on the
~"20  findings of experimental studies with islet-Sertoli cell aggregates conducted in our laboratory,

and in collaboration with the University of Perugia and National University of Singapore.

Preparation of our preferred Islet-Sertoli Cell Aggregates, in the Ratio of 1:2,000 —
1:4,000

2 25 The pig herd from which porcine islets and Sertoli cells for incorporation in our islet-sertoli cell
aggregates are obtained comprises specific pathogen-free (SPF) NZ Large White pigs raised
under strict biosecurity. Possible sources of zoonotic infections are monitored in the herd, the
sows one month before farrowing, the donor piglets, and the tissue used. New Zealand is free
from prion-mediated disease and many of the viral infections found in herds elsewhere in the

30  world.



and in collaboration with the University of Perugia and National University
of Singapore. Preparation of our preferred Islet-Sertoli Cell Aggregates,

in the Ragy®@fi/idss?s 000 - 1: 4,000 25 The pig herd from weceRzB3RHEGe | S| et s
and Sertoli cells for incorporation in our islet-sertoli cell aggregates

are obtained conprises specific pathogentfree (SPF) NZ Large Wiite pigs
rai sed wunder strict biosecurity. Possible sources of zoonotic infections

are noni exRHld be bhdsdpRl by tho®: sISINBiOMe dM0tkab ofRF SliitablpIgONdrad maly R ﬂ,@an
piglets, and the tissue used. New Zealand is free from prion-nedi ated

di sease &l wadey switablewonditions, glseméiers ioiBe Motldd i n herds el sewhere in the 30
wor | d. WO 2004/ 113516 PCT/ NZ2003/000130 -10 It woul d be envi saged by those

skilled in the art that other suitable pig herds nay be used if bred under

suitable conditions, elsewhere in the world. The islet cells are isolated

fromthe mrislee@ela%:@fsolataaﬂom libe pirgtekes of Rday-oR] sigletodh hitgbl MbdiHcatién bhe
standard (Ri cordi’ (1%1 col | agenase di gestion procedure. Al| surgical -

pr océdur dée gtaadard| (Ricprdide eeliaggnase edigestioneprogedure Al swrgicel paesegures and cell

precaut i | .Qw (o] f a h s r

pl aced i g’? 3&84:119% a? ésd]ug’lu{E n I\ﬁ@l%t %egﬂge%rl é]rlgl gg Fé@%ﬁhﬁlﬁi&n S%ia Oﬁ gnd
al bum n @mﬁﬁ%&ldﬂmid 1lslem 0 plagadririe culitk tissie AtRBVICniedian eﬁndil{ea%mwhuthm e
W th frequent changes of nediumis then erforrred for 48 hours.

Sertol i alhugin gpd épéamp%ml@@%m&ﬂ ltygg pis35C wa%awberagl%rambngweﬂs
using a .th nodifications to ensure
maxi gal ce i eF%écR@fﬁ‘ oW nismé@#&?%er 0 ‘ggag? 'y control tests of both the

islet,s and Sertoli cells (to ensure their optimal purity, viability and “)
freedom from m cr obi ol ogi cal contam nation; see further below), both the -

Sertoli 15 cells and jslets_are cqQu ted nd. t | atter. adj sted to islets
equi val e#ﬂg fl @%)mﬁflsﬁ%@ﬂ\ frpm E?F'éﬂ'ﬁ‘l‘ref’e sTRE “@2? tpflia‘?'y‘eléll P df #SIgeh SBMBIhed
with the (Rﬁjf OBES 5&61&05%5&081‘“1? 288 catiohs %ooaﬁme g1egerf @4Féuwlﬁg And
scrapedto aggre ates ow ng a further ours in uture
number of quality control tests of both the islets and Sertoh cells (to ensure their optm:lal purity,
viability and freedom from microbiological contamination; see further below), both the Sertoli
15 cells and islets are counted and the latter adjusted to islets equivalents (TEQs) of 150um in
diameter. The Sertoli cells are then combined with the islets in a ratio of 1:2,000 — 1:4,000,
cultured for 24 hours, and scraped to form aggregates. Following a further 24 hours in culture,
‘the islet-Sertoli cell aggregates are then tested for viability and insulin secretory capacity before

" being released for transplantation.

20 ' . )
The production process for our islet-Sertoli aggregates preferably includes rigorous infection
surveillance procedures comprising virological monitoring (see further below), screening for
bacterial, fungal and mycoplasmal organisms, and bacterial endotoxin testing (LAL test). The
presence of either microbiological contamination or a failure of the cells to meet any of the

25  rigid quality control criteria set by the Applicant will lead to the particular cell baich being
discarded.

AGGREGATE PREPARATION

Figure 1 illustrates a flow diagram of the preferred preparation method, and Figures 2 —5
30  illustrate aggregates prepared by this method. Specifically Figure 2 illustrates aggregates of 3
days, in culture (no staining, x10); Figure 3 illustrates aggregates of 3 days, in culture (no



the islet-Sertoli cell aggregates are then tested for viability and insulin
secretory capacity before being released for transplantation. 20 The
product i oWp2W4AES1G or our islet-Sertoli aggregates prefREEHNEZPB/AMIes
rigorous infection surveillance pr ocedur?s conpri sing virological
nonitoring (see further below), screeni né for Dbacterial, fungal and

nycopl asmal , organi sns, and bacterial endotoxin testing (LAL test). The

presence BRNEAS KEY; Figsrohiibistgics aggregreseh hdavsoln @iture (AT staining; pusey &85%s

to nmeet a t i-gid. q i Ctﬁrgk rd j f.he.Appl

Wil l Ieadﬂ%&g%{nlf1leﬁ1 ar ? [ 1?:13 aresc%ag#ééggetsc %&rﬁ’gﬁlélﬁéa%g?I %@EGVA@E‘%H “95%,
PREPARATI I)Fi gure 1 illustrates a flow diagram of the preferred preparation
fret hod, and Figures 2 -5 30 illustrate aggregates prepared by this nethod.
Specifically Figure illustrates aggregates of 3 days, in culture (no

st ai ni ng,l)xlo)‘,ge’lf‘?lbg{’ *3 illustrates aggregates of 3 days, in culture (no WO
2004/ 113516 PCT/ NZ2003/ 000130 -11 staining, x20); Figure 4 illustrates

aggr egat es gz Pn ey Sotion brRekfoliCellsPTZ staining; purity >85% |1 Ox) and
Figure 5 illustrates aggregates of 6 days, in culture (AQ Pl staining,

viability >95%s théigstes hje iSaoved undeeistesile condjtionm fivadthe idonor, of Sertol|l Cel |l s
the testes are renoved under, sterile conditions fromthe donor, t he gl ands
are minced int@ sthaglangs aeasineediptasmallpigeasdapmigx. mm éachted tissue is

e RS Do i

di gestion sol uti ogells

o

b) First digestion of Sertoli Cells
o the minced tissue is placed in 40 ml of digestion solution
¢ Hanks with Calcium and Magnesium is added with Human Serum Albumin,
Liberase H and Lignocaine
15 e the bottle is held in a water bath at 37 ° C for 18-20 minutes at 120 rpm
o the tissue is washed 3 times with Hanks and cenirifuged at 4°C for 10 minutes at
1500rmpm.

)

¢) Second digestion
e Trypsin and Dnase are added
e incubation at 37°C, 120rpm until 2 white aggregate is produced.
s the white aggregate is removed

o the cells are seeded into petri dishes.

Y2502 Pancreatic Islet Cells:

A Are prepared according to our previously published method in WO 01/52871 (the contents of

which are incorporated herein by reference).



Hanks with Cal ci um and Magnesiumis added wi th Human Serum Al bum n,

Li berase H and Lignocaine 15 the bottle is held in a water bath at 37 C
for 18-20wg etugessaé 120 rpm the tissue is washed 3 tinpgpmzhhosidanks and
centrifuged at 4C for 10 mnutes at 1500rpm c) Second digestion -)20
Trypsin and Dnase are added incubation.at-37C, 120rpmuntil a white
aggregate i s produced. the white aggregate is renoved the cells are
seeded i )0 peldrioldi SRR Aggregnres) Pancreatic Islet Cells: Are prepared
according to our previously published nmethod in WD 01/52871 (the contents of
whi ch are incorporated herein by reference). WD 2004/113516

PCT/ Nz2003/ @d®e1 ddry inkpltug)thSplatas|are wasted anddfupr skt @ 6;000 AEQ@ addadlper platecul t ur e

the plates ar he e iislets (10,000 | EQ added per plate. Ratio | »°
i sl et:2,000§§§?ﬁﬁﬁf’f‘£gﬁ¢g§’%ﬁﬁﬂ@ure for 24 hours. 5 the cells are scraped
and overlai ¢yfipatBerA ghisiks to formaggregates, then left for 24 hours in :
culture. After this tine the islet/ Sertoli aggregates are ready for +
transpl ant e delis arerscenpsd had owstlaid obtheiisiets go forimhaghrygutes, et deft Fir@dHotksdnd
Inhibin for sertoli cell viability and count 10 Virol ogical Monitoring As

I ndi cat ed aBE‘(?E‘?- testing of the transplant material for the presence of PERV

Sonsitive atdBfBRORe I G SeSlnplitighls Belelth for BARGA: by Ml iniuiilabon.
of our isd eBtduhg Mith Wopin L REBHET MOMHIbIA &7 sBFfEK 8615 viability and count

)

As indicated above, testing of the transplant material for the presence of PERV (porcine

10 Virological Monitoring

endogenous retrovirus), using a highly specific and highly sensitive assay developed for this
purpose, is preferably an integral part. of our islet-sertoli cell aggregate production process. In
addition to PERV, attention is also directed towards other potentially infectious pathogens that

15 can cause zoonoses and xenoses, including porcine cytomegalovirus (PCMV), porcine
circovirus (PCV), porcine lymphotropic herpesvirus (PLHV), encephalomyocarditis virus
(EMCYV), and porcine hepatitis E virus. Preferably such a multi-level virological screening
strategy undertaken by us as part of our process includes:

20 e Routine monitoring of the herd for the presence of the above viruses.
¢ Routine testing of the donor age group (1-week-old neonates) for the presence of viruses.

o Routine testing of the islet and Sertoli cells that are to be used for xenotransplantation.

- Preclinical Studies with Islet-Sertoli Cell Aggregates

25 In a study conducted at Diatranz's laboratories, the efficacy and safety of iransplants of .
alginate-encapsulated islet-Sertoli cell aggregates (ratio 1:4000) and alginate-encapsulated islets
without Sertoli cells were compared in New Zealand white rabbits with experimentally-induced -

diabetes (§ animals per group).



addition to PERV, attention is also directed towards other potentially

I nfectious gat hoqens that 15 can cause zoonoses and xenoses, i ncluding
porci ne cyYBRYAIEIPrus (PCW), porcine circovirus (PCVFCTAER003(pR0130

| ynphot ropi ¢ her pesvirus (PLHV), encephah nyocarditis virus (EMZV), and
porcine hepatitis E virus. Preferably such™a nmulti-Ievel virological

screenin trategy undertaken by us as part of qur process, | n¢ludes: 20
Rout i ne ﬁ%?tﬁt%?upﬁgmv Hde o of 10000 1EQU kg viadptranssitonsal misgtion Jde weekly

Routi ne t ' r; 7 el Q0 _
presence %’?H\%@?’a@fgséfln@m%gﬁﬁ rtlig&tﬁl éegtlﬁlr?gﬂlg%mpﬁgg‘(égl agtgo'ﬂlgnd SE?%% ?F%ylélglés ?%Sét
are to beransplintition, aad atvo anlsiplsanteath group wre cbnsidared tcShandi responidedsuccessfully

Pslet-Sertoli . Cell Aggregates 25 In a. study conducted,at Diatranz's )

| abor at ortpdbe Rl ALGEDs AT ERGH SR X b agporml HisilogioR! findings
3l 91 nat - 9ae 20kl if bBdhrh B PoreaR! HGkliphl InAUBRUARGoRAL 1 0 1: 4000) and

al gi nat e-encapsul ated 1 sl et w thout Sertoli cells re conpared in New

Zeal and white rabbits with experinentally-induced diabetes (5 aninmals per
group). WO 2004/ 113516 PCT/ Nz2003/ 000130 -13 Both groups received i sl et

cell doses of 10,000 I|E vi,a_ i nt erl I nj ectiqn, .The ekl .
aver age ENERA" GrIE P Rrfbvit ) byt SIS dnenqese diabeicy Bt Bt popiredoa
of 5 weekawBRshonchl FASPIAN 8f hidihatcA&baptPaté R Mt $n LTHREGT 19/00UNEWFEE with or
considered to have responded successfully ‘to the transplants. At subsequent

post nor t ewitloud Pertol icoliss, Two oftnmicesthatweseived ifletaBertolh délh ggaregatesciratid 64AE0) n

abdom nal aqr.ga f.recipiLent, aninal s, in either aroup.. Simlar ,r.esults were
S Beq 4l 5983 ot heBn ks EEhRL b Bl 16ingted i, PhF ahidfa) gf Sheh Bl

| nt-r'aper i xaitfahg 4 AiahEDbROE EIedos@legtlnet gp RNSaREkY. ated islets in a dose of
10, 000-1EQ kg wth or wthout Sertoli cells. Two of 5 mce that received

Islet- Sertoli cell aggregates (ratio 1:4000) 10 and 2 of 6 that received
islets alone had a partial response, with one animl in each group

exhibitin f Hl . . .
ati o of TPuaRUHiRiage, e 800 §AF feqn Bl in Plost Byt MAPBS clelt L UG in
ski | | ed ithe ait it athier tafiak nolyiterusedivithsutripadtiag doeslthsisthsidf thepaeittiony from t he
scope of the invention.

15

Clinical Studies with Islet-Sertoli Cell Aggregates

We have conducted a number of clinical investigations for our islet-Sertoli cell aggregates. In
an experiment islet-Sertoli cell aggregates were transplanted into 12 adolescent type 1 diabetics
via the use of subcutaneous stainless steel implant devices that create (on surgical removal of
/QO the Teflon® rod) vascularised collagen reservoirs in which the introduced cells are mechanically
protected by a steel mesh tube. Initially, two such vascularised collagen reservoirs were created
on the upper abdominal wall of each patient, followed by a finther two, six months later. Each
patient received islet-Sertoli cell aggregates (in ratios varying from 1:30 to 1:100)
corresponding to a dose of 250,000 islet equivalents (IEQs) injected into each reservoir, and

25 this dose was repeated in each of the second two reservoirs afier 6 months.

Five of the 12 patients responded favourably to this treatment. After a lag period of

* approximately 8 weeks, the insulin requirements of the 5 patients began to decline and usually

fell further afier the second transplant. Reductions in the average daily insulin dose of more

30  than 50% were achieved after 12 months, and one patient required no insulin after this time.

Improvements in mean daily blood glucose levels and in glycosylated baemoglobin (HbA,c)



15 Cdinical Studies with Islet Sertoli Cell Aggregates W have conducted a
nunber of clinical investigations for our islet-Sertoli cell aggregates. In
an experi veotodsghsste Sertoli cell aggregates were transpl aotredzzosmoisa

adol escent type 1 diabetics via the use of subcutaneous stainless steel

i npl ant devi ces that create (on surgical1ldesmoval of 0 the Teflon rod)
vascul ari sed coll agen reservoirs in which the introduced cells are

mechani calvkie alsy etaded dNbeviient e ef advesh cfebie wdraidefeeted yn ahiyvof the A patients, and
vascul ari sed_col | agen reservqQirs were created on the upper abdom nal wall

of each pBER¥ponifesingdeateramainednaeptivgafichid mouthspnths |ater. Each pati ent
received islet-Sertoli cell aggregates (in ratios varying from1:30 to )
1:100) corresponding to a dose of 250,000 islet equivalents (IEQ) injecteds
into each reservoir, and 25 this dose was repeated in each of the second

two reservoirs after 6 nonths: Five of the 12 patients responded favourably
to this treatnent. After a lag period of approximately 8 weeks, the insulin*
requi renents of the 5 patients began to decline and usually fell further
after the second transplant. Reductions in the average daily insulin dose of
nore 30 than 50% were achieved after 12 nonths, and one patient required no
insulin after this time. |Inprovenents in nmean daily bl ood glucose |evels

and in glycosyl at ed haenogl obi n (HbAi ¢c) WO 2004/ 113516 PCT/ NZ2003/ 000130

-14 were al so recorded. No evidence of adverse effects were detected in any
of the 12 patients, and PERV nonitoring tests renmained negative after 12
nonths. .) 15- CLAIMS: 1. A nethod of preparing aggregates of porcine
pancreatic i'slets and porcine Sertoli cells capable upon inplantation' inbd)
a recipient, of. producing insulin in vivo, including or conprising the
steps of 5 1) isolation of porcine islet cells fromthe pancreas of donor
piglets;



2) isolation of porcine Sertoli cells fromthe testes of donor piglets; 3)
culturing the Sertoli cells for at |least 1 day; 4) addition of isolated
porcine cells to the cultured Sertoli .,cells at a predetermned ratio; . 5)
co-culturing the islet cells and Sert'c]%i“ cells for at least 1 day; '10 6)

scr api Sertoli cell layer over-the islets to formaggregates;- and 7)
cul tur aggregates for up to 24 hours. 2,. A nmethod of claim1l wherein
sai d aggregate |s.a.conbi.nation of islet;sertoli, cells in'a  predetermn ning
Fatio From & Behod @f peparing agarcgatenof otsise RIRCTERS itiess apdbpareine Sertali cals o | s

bet wee , t; E,]a'nq 01015 4 3 ' e of di,ng
cl ai mﬂa\ﬁr%g}%eﬁﬂ&ga@ coq'tg)u tmutgyl %gmgl é@t@f,!@%\%@ﬁa@s@ﬂmﬁ&%?o e?@egﬂ 3to
7 dayscomprisgeiestegpsof: cl ai m 4 wherein the tinme period is for 5 days. 6. A
met hod of any one of the preceding clains wherein said isolation._of the
iskets is1)folikslueeh SFpdreinb tsl@akilofion the Pancherk oF donctPigletsA nethod of claim6
wherein the isolation and purification of the islets together - conprise or

i nclude t tienst&d ¢ Warll di gestion, c) .
incl ude the stignaia ofﬁc)rciﬁﬁ r:s_ghs&\l:eﬁseﬁaz)%@!ée tefits sm&nggg@%ea i gestion, c)

washi ng and culturing of the islets. . A metho im7 wherein said

col | agena?gt d'&&%ﬁhgg?é@e livﬁﬂs%&?ﬁ&ﬁatd .and = Xyl ocaine..9. A net hod of

any one o he ‘preceding clalns V\/n‘erel n s |;d isgl ation of the Sertoli” Cgl‘!a?m
" wher ei n Bai AR g8 sif RISE r8ichish S siree ol A L paelFRfl fles
comprise i”@&ﬁﬂ%@‘%ﬁ{sﬁ’ Zelld dndHertott i for of (3AR 1 ay; B |

"410 6)  scraping the Sertoli cell layer over the islets to forin aggregates; and

7)  culturing the aggregates for up to 24 hours.

2, A -method of claim 1 wherein said agpregateis a combi__nﬁtion of islet:sertoli cells in a
predetermining ratio from 1:20,000 to 1:100;. o '

3. A method of claim 2 wherein said rarlo is between 1:2,000 1o 1:4,000.

15° 4. A method of ahy oue of the preceding claims wherein said co-chlturing step 5) 1s overa
time period between 3 to 7 days. | _
5. A method of claim 4 wherein the time period is for 5 days.

6. A method of any ane of the preceding claims wherein said isolation of the islets is
followed by purification of the islets.

20 7. A method of claim 6 wherein the isolation and purification of the islets together
comprise or include the steps of: '

a) surgical removal, . - T
- b) collagenase digestion, |
- ¢) washing and culturing of the islets.
25 8 A method of claim 7 whereln said collagenase digestion involves Liberase H and

Xylocaine,

9, A method of any one of the preceding claims wherein said isolation of the Sertoli cells
is followed by purification of the Sertoli cells.



b) digestion with trypsin, Dnase, 5 c¢c) washing and culturing of the cells.
11. A nethod of any one of the preceding clains wherein the nethod further

i ncludes the additional step of: 8) virological and m crobiological testing
and/ or nonitoring of the aggregates ah@lror conponents thereof. 10 12. A
met hod of any one of the preceding clainms wherein the nethod addltlonally or

al t er nat®vel $ metbod abelain Srekareip shidfigntarion and purificaticnrof thy Sertali ¢eln tagsther,
and/ or E&ﬁ%ﬁ&%:?%a&&é%@é pgf.h of the islets and Sertoli cells. 13. A nethod
on

of any. recedr ng cl ains wherein the. nethod addltlonally or

alternativel es a re step of virological monitoring and/or testing
of the pigl e%() cfgfﬁ#g I.“L%V 4. A nethod of any one of the preceding clains

wher ei n sai db) sd;l@sﬁo@m%?sﬂpngﬁ | s derive fromthe sane herd or fromthe
sane donor piglet(s) met hod of claim 14 wherein the piglet(s) are
abodt one we8k wsgmmwd turiwg ofthergelliod of any one of the preceding clains
wherein the-piglet(s) are m)nltored and/or tested for infectious agents. 20
17. A ndilhodAofnethng of mey @hnetdfdhs preceding glairvhsawhereinhthe enethahfunthed igtladgssthe ar e

froma .. Z8a pig herd. 18. A nethod of any one of the preceding
cl ai s \%ﬁ%?g?ﬂs{e glstep of the formatlon of the aggregate additionally or

alternativel y.includes,t er\A i on- of .the char eris

and/ or nati vﬁ)st r P qt%‘?‘% §‘°212 8/05 ga %t?&ﬁo?ﬁﬁ[?%feﬁsl ets
with Sertoli cell gumpgaﬁﬁg,egg@é@m tally. accor ding to a rret hod of any one
of claims | to 18. 20. Anethod of treating a patlent suffering from

di agget e920el |A ishddBPahy! dHe 6f tﬁcnﬁfeh'ah clafié eelgjgﬁ thE m&ﬂo@&&ﬁ@dﬂaﬂ? &ne or

nore aggregates of porcihe islets Wwth Sertol pr epar ed

- subst antatamatively insluties g rrestep heforeoderol oﬁmolgggalgnomtqmmﬁ/oc @esgg of ane or
both of the islets and Sertoli cells.

13, A method of any . one of the preceding claims wherein the. method adﬁiﬁonally or
alternatively includes a pre-step of virological monitoring and/or testing of the piglet donors,

13 14, Amethod of any one of the precedmg claims wherein said islets and Sertoli ce].ls dcrlve
" from the same herd or from the same donor piglet(s). =~ - . T

- 15, A method of claim 14 wherein the piglet(s) are about one week old donors

16,  Amethod of any one of the precedmg claims wherem the plglet(s) are momtored andIOr
tested for infectious agents. ‘

20 17. A method of any one of the preoedmg cla:ms wherein sa1d pxglet(s) are ﬁ'om a New
Zegland pig herd.

- 18, A method of any one of the preceding claims wherein the step of the formation of the o
aggregate additional.ly or alternatively includes the preservation of the original characteristies
. dnd/or native structure of the islets.

25 15.  An aggregate of porcme islets with Sertoh cells prepared subsmnually according {0 a
method of any one of claims 1 to 18.

20. A method of treating a patient suffering from diabetes mellitus comprising or including
the steps of; |

1 preparing one or more aggregates of porcine islets with Sertoli cells prepared

30 - substaﬁtially accordjng to émethod of any one of claims I to 18,



-17- 2) inplanting or otherwi se adm nistering one or nore aggregate to the
patient. 21. A nmethod of claim 20 wherein said step of inplanting or

adm ni stering the aggregate nmay be by: ‘encapsul ati on of the aggregate in a
sui tabl e bi oconpatible nmaterial, 5 - thhtinenent into a suitable device
inclusion in a matrix preparation selected fromgelatin, collagen, and
natural car béhydriglagtaepremerwise admw&tma@@epn%wgamfemww*m or an
aut ol ogous plasma clot produced with —allogeneic thronbin, 10 22. A nethod -
of cl ai mh1 whenethad of slaim ddowhereinoieid sep o iraplan%ngaors%dwte@mmtb(r AgEresate 23,
A et hod g g ¥ one of claims 21 to 22 wherein said device is a vascul arize4
t ube. - evice for inplantation into a recipient suffering from di-abetes

rrellitus the or es_of. pancreatic islets
and porcf ne S%'?‘?Bﬁ&gglq@@‘ EF %&dﬁ@&gﬁ%@g%ﬁw&@?mﬁ@g@s& ng the

characteristics he a %Pe tes, of claim19. 15 25. A device of claim 24
wheré&in Said % erf’@‘”tcﬁe aggregates may be one of- - a swtabl e

bi oconpati bl e g % QS t| n%iéﬁaﬁ on ZclVASF UhGth! B URS

preparation conprising gela agen, or naturg carbo y rate polyrrers
20 - a pl asrracuhohvrﬂmtnpollymeraQMn autol ogous plasma cl ot produced with

aIIogenelc thro 26. A dgevi of claim 25 ere| sald o) pat . ble
“material is al%gqt')gfoé’bll% pg?%n%gﬁr % %t%oau%% q‘sﬂ?’g Ogg%f&g%? @Riaf
por ci ne pancr Gﬂhgaﬁeﬂ:&ﬂuﬁhﬁ)nﬁnd por ci ne Sertoli cel I S pr epared substantially

according . to Figure 1 28, An aggre of pqrcine pancreatjc islets and
por chthe s%%toﬁme@pﬁgfga%?hmhem%b&& mtqs@awwﬂ SRHEMAF-th

referencezio (hheHo8 oPhnyBiefoQaifis 941652 %hkﬁiésazd device is a vascularized tube.
24. A device for implantation into a recipient suffenng from diabetes mellitus, the device

mcorporatmg aggregates of porcine pa.ncreauc islets and porcine Se:toh cells, the aggrepates
being, or possessmg the characteristics of, the aggregates of ¢claim 19,
15 25. A'device of claun 24 wherein said device mcorporanng 'thc aggregates may be onc of: .
' - a suitable biocompatible material as a capsule; o |
- a vascularized tube;
- a matrix preparanon compnsmg gelatin, oollagen, or natural carbohydr&tc
' polymers. _ | -
20 - a plasma thrombin clot or an autologous plasma clot produced with allo genelc thrombin,
26. A device of claim 25 wherein said biocompatible material is a suitable algmate
27. A method of prepating aggregates of porcine pancreatic islets and porcine Sertali cells
prepared substantially according to Flgure 1, ' | ‘ o
28.  An aggregate . of porcme pancreatic islets and porcine Serl:oh cells substanually as, |
25  described herein and with reference to any one ar more of Figures 1 to 5.



