WO 03/ 027270 PCT/ Nz02/ 00197 TI TLE G ow ng xenotransplant material in
culture. FIELD This invention generally relates to grow ng bi ol ogi cal

mat eri al Wwg G@bki27éi ssue culture nmethods in order to nake poainerzabd1osui t abl e
for transplanting into a manmal in order to overcone a disease,
deficiency, or defect. Mre particularly the invention relates to
preparations of cells and cell conbinations for use in

xenot ranspl antati on, and specifically the invention relates to trans-

pl ants of endocrine secretory cells such as islet cells for treating

di abetes present within the recipient. BACKGROUND A patient afflicted
with the irreversi bl e disease di abetes has defective islets of Langerhans
and cannot produce sufficient insulin to respond appropriately to bl ood
gl uCOSHTIET ease. Si rGrdwingdkertstrantplant! materfidnin in 1922,
exogenous (1 njected) 1nsulin¥in repeated doses has conprise an eTfectlve
nmet hod of control of blood glucose and has greatly extended the |ives of
many di abetics. Inplants for use in controlling endogenous secretion
defects such as diabetes are known, where ideally the inplant would (a)
produ@EyhHficient insulin to avoid any need for wuse of injections or

ot her “means of adm nistration of insulin, and also (b) assune a regul atory
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di seas&dpiedtor an xenotransplant, barriers of various types are used at
least to confine the cells to a permanently identifiable, often

SUbCUE§B§§$Eﬂ3$§§g$EQME|l as to avoid an i mmune system challenge fromthe
patie cting fromthe intended function. Specific pathogen
free (SPF) pigs are suitable donors for xenografts of many types because
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potential source of islets for xenotransplantation in diabetic patients.
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i ncl uQidgh RS vhSRVIHEMSS the implant would (2) produce sufficient insulin to avoid any need for

use of injections or other means of administration of insulin, and also (b) assume a regulatory
role, responding to swings in blood glucose concentration by producing a greater amount of
insulin if the environment of the implant has an increased concentration of glucose. Kidney and
pancreas, or pancreas alone allotransplantation is done from cadaver sources or sometimes live
donors, but faces the usual problems of rejection involving immune responses. Islet transplan-

tation after enzymic digestion of a cadaver pancreas is also known (e.g. Shapiro et al).

Xenotransplants of islet cells present a number of advantages, such as avoidance of certain
diseases. For an xenotransplant, barriers of various types are used at least to confine the cells to
a permanently identifiable, often subcutaneous site as well as to avoid an immune system
challenge from the patient yet not detracting from the intended function. Specific pathogen free
(SPF) pigs are suitable donors for xenografts of many types because of their anatomical and

physiological similarities with humans and the porcine pancreas has been considered as a



and better control of the product, including better control of infectious
pat hogens such as potentially zoonotic viruses. Previous research papers
have showwomalog72ré mited in vitro growmh of adult and neon®CalNZozhews of
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xenotrans- plants, or at |least to provide_the public with a useful choice.
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the mxture. connective tissue Secretory cells; group including cells

capabkxsmifle, sreonaieli prgcing dapspho tisspn;gincluding the step of maintaining the ‘cells for an
extended period. Another problem to be solved is to provide an effective xenotransplant
capable of making an effective amount of insulin when exposed to hyperglycaemic conditions,
despite the usual presence of a physical barrier intended to limit access of members of the

immune system to the foreign cells,

OBJECT

It is an object of this invention to create an improved cell preparation for use in xenotrans-

plants, or at least to provide the public with a useful choice.

DEFINITIONS

homologous serum: a serum for cell culture, taken from the same species of animal as that

from which the cells were derived.



conponents of an extracellular matrix, such as chondrocytes, osteocytes,
fibrocytes, including fibrocytes fromtendons and fibrocytes fromthe
derm s ofwol/ogkirm, and undifferentiated fibro- blasts. TlCI/Nmyoémetl ude
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Preferably the first type of I's selected fromthe group of endocrine
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In a first broad aspect this invention provides a method for carrying out long-term in vitro

assembly, propagation and maturation of a functional artificial tissue comprised of more than
one kind of cell taken from at least one species of mammal, wherein a selected first type of cell
capable of being stimulated to secrete a product is co-cultured over an extended period together
with at least one selected second type of cell capable of providing a support/trophic function for
the first type, in a growth medium supplemented with an effective amount of homologous
serum from the species of mammal that provided the first type of cell, so that organised

functional, synergistic groups of mixed cell types are developed over the extended period.

In a subsidiary aspect the invention provides a method as previously described in this section
for making a functional artificial tissue wherein the artificial tissue includes a selected first type

of cell and a second type of cell jointly capable of possessing a property, and is grown as a co-



defined) and the product is an endocrine hornone. Preferably the second
type of cell is selected froma group including Sertoli cells and
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alleviate the disease.

In a third related aspect, the second type of cell is taken by biopsy from an individual in need
of a functional graft and after in vitro propagation and maturation together with the first type of
cell for a period the resulting co-culture is returned to the diabetic recipient in the form of a

functional artificial tissue.

Preferably the second-type cells are fibroblasts, obtained from a specific individual intended as a
subject for a subsequent xenografting procedure in which the individual receives subsequent

- generations of the fibroblasts as an allograft.

Typically, functional cell combinations have been grown as a co-culture for from about 30 to
about 50 days in growth media of this type.

In a second broad aspect, the invention provides a functional artificial tissue comprised of more
than one kind of cell taken from at least one species of mammal, wherein the functional

artificial tissue is comprised of at least partially organised synergistic accumulations of cells



Preferably the first type of cell is selected fromthe range of endocrine
secretory cells, and is capable of expressing effective anobunts of at
| east onewsadsie2ron i nto the grow h nmedi um when in associpatrinamimdh t he
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grown together for at | east 50 days in growh nedia
more preferably is about 10%.

Preferably the effective amount of nicotinamide is at least 5 mM and more preferably is about
10 mM.,

More preferably the invention provides an example tissue culture environment comprising
Sertoli cells as a food layer for islet cells in the growth media known as RPMI 1640 media
supplemented with 10% porcine serum, 10 mM nicotinamide, and 11.1 mM glucose (noting that

these numbers are examples).

Preferably the Sertoli cells are from the same species of animal; more preferably they are from

the same animal.

Preferably a ratio of seeded Sertoli cells to seeded islet cells is about 10,000 to 1 islet-equivalent
(EQ).

As alternatives to Sertoli cells as support/trophic cells, one may use other cells having similar
characteristics; unmodified cells include certain neuroglial cells, secretory cells including choroid

plexus epithelial cells,.
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In a fourth broad aspect the invention provides a method of in vifro propagation and differen-
tiation of functional islets in a medium as previously described in this section, using Sertoli cells

as a matrix and a “nurse or feeder” layer.

Preferably the method includes the steps of

1. isolating Sertoli cells from a neonatal mammal

2. isolating pancreatic islet cells or progenitors thereof from a neonatal mammal,

3. forming a cultured layer of Sertoli cells on a surface, using a growth medium as herein

described,
4, adding islet cells

5. and maintaining the cell combinations over a period, until the islet cells have differentiated
into functional cells, and formed concentrated masses capable of secreting insulin at least

partially in response to a glucose stimulus.



opnents that have taken place during devel opnment of this invention are in
relation to xenotransplantation for cases of diabetes. However it nust be
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with HSA. Fig fig 6but wi th 10% porci ne serumF|g8 Islets with
Sert ollpe é@qcngthl qfdbe erwemgqnetp beuawideddsrein & sy 3asly BY wag of amplaand s ed f or
S weelgst 1oViel kddSD- aryl veays 1Gitidd e BcdpetorWxtcRt dPMeNRVSLIOE ﬁfé@ﬁ@&lﬁd:d@eﬂ-o
Islets with Sertoli cells 1:10,000 cultured for 5 weeks with HSA Fig 11:
As fi graenty thathiye i@%lp@?‘@l H‘ém%ﬁeld‘ii‘fﬁol’i‘r%hlq [ Wéf i‘IH’eP%ﬂ”géIei & delation 'fOV\O
03/ 0242 REEHNERR/ 8P LALs oFiuiodd, Howealsf Saidald rehol indtihd Bxks aal Lur ed

for 5 weeks with porcine serum Diameter of islets: 300 pmand 600 pm Fig
13; Ablpygan pe awl@ﬁépéﬁh%ﬁwﬁ%%@ﬂs L) %rhewp@%esmhowmcw thedikeof sizes
of islets fromdifferent cultures with 10% porcine serum Fig 14: Islet

(Col | {oeISFHRATIONMS on) 250 m Fig 15: Islets/Sertoli 1:100 = 150 pm Fig
16: IsTets/SertolT 1:10,000 = 500 pm Fig 17: Islets/Sertoli cells cultured

for 4%}%"@/ h?mﬁi&%%bép g\ngk(ﬁlb ﬁg &hj?ce%@ Qsléﬂ aﬂz {Iﬂlog@ st gg%f %te@él

t9A cell
I slets some positive staining) Figs 1 C§L 20: DTZ
st ai ni ng of mogblkeyey/Bant albackgrotod 00O lowerhfopsd rconesatratémued ceBs Moghaltyedfies

positive t9—75 &gjsnin culture), an upper focal formation of three-dimensional structures

(normally at 2-3 weeks), and in the centre an islet-like structure (normally at 3-4

weeks in culture).
Fig 2: Islet cells (Liberase H isolation) cultured for 5 weeks with HSA.

Fig 3: Islet cells (Liberase H isolation) cultured for 5 weeks with 10% porcine serum (higher

magnification than fig 2).
Fig 4: Islet cells (Collagenase P isolation) cultured for 5 weeks with HSA.
Fig 5: As fig 4 but with 10% porcine serum.
Fig 6: Sertoli cells cultured for 5 weeks with HSA.
Fig 7: As fig 6 but with 10% porcine serum

Fig 8: Islets with Sertoli cells 1:100 (1 islet equivalent to 100 Sertoli cells) cultured for 5 weeks
with HSA. '

Fig 9: As fig 8 but with 10% porcine serum.
Fig 10: Islets with Sertoli cells 1:10,000 cultured for 5 weeks with HSA

Fig 11: As fig 10 but with 10% porcine serum; resulting in large islets.



Fig 21: is a bar graph to show the insulin response of free islets after 46
days of culture and the effect of the presence of Sertoli cells during
growt h orwbple/er3ponse. Fig 22: is a bar graph to show t h@cirmeakioeor esponse

of en Il ated d sl ets. apd t effect.of_ th esence of cine versus
hurran%aéggfﬁ ma}f}ﬁtﬁligﬁg[oﬁﬁ]gsuﬁgmé)ﬁﬁt witu;eés%gﬁs‘g?e s‘ﬁh’gp%m’g&ssemffggﬁl. feeﬁ 03"3: is a
bar. graph t glesd1000 pﬂleaﬂdrmglpm_ response of is! et cells grown toget her with a
variety of other cell types including the fibroblast |ine HEF312. In

gener %‘ig 1hi 8 FRVBNHLAL & rdi &S 6(§(plg%yrpr ovenents in the preparation of cells

for transplantation. e aspec the inprovenents is the provision of
better., gr h media for. the cells_duri. preparat.jon for transplantation.
Anot nEISadilae coRBudion 354408 of Sirorot ABfenEaBRG Slpp g SO AR epor ¢ ng
co-cul ture fprisehechmbiiass ! ibatioANghoayuml fee1: qelets/Skholl YR xi3DRint i ;g a
conbi nati on of support and trophic effects, as it shows (anobng ot her
functions) w:tlkiets/$drlit bH1L008 = 5¢) tume Fige 1T diskets/Ssetoli .celsxanited for 46 Tays
Exanple relgtes _to tjss culture nethods for raising and maturing cells

i ntended f oPZeREHE h’égﬁ%H’Eﬂati on. Porcine Islet Cell Isolation. Pancreatic
islets from7 day old piglets were prepared followi ng an adapted method
from €ig 1 EZdstaipipgrid deeds/Sertelis]: ¥3,000 avith Hsd|(dameopesitizg steingngR G Landes Co.
99:112, 1992 ). CQur nethod includes enzymatic di gestion (collagenase,

| i ber &4gs)19 & 1Dt DAE stgning fof ddetsfagrsoli k0,30 widly p@cina sREM; 83B40 celimpaitiveng 2%
human serumalbumin, G proxin and 10 mml/L nicotinamde in an atnosphere
of 5% CO2 and %air. Viability was tested with DIZ staining 8 WO

03/ 027270 PCT{ NZ02/ 00197 nd insulin relegase jn_.vi . Porcine Sertoli
ool | Tt DR aRre @ty BE mbtSsmaeft B Sl drptie Gy phfHibRCuhe

pi gl ets weefedtof trrgire@nteoHIRBHSI sk dutitngiont udlithegregpdhsebi otics. The
isolation of Sertoli cells was done following the Rajotte procedure with

sonme X i gat b BsaphRe) @bk Qhe Bv@keleSfonse/6t erft@psula@darivies Yind ¥ROM3ddr B82) . The
testicles were cleaned, separated fromthe capsule, and mnced intg 1 mm

pi eces wi t hPEEsNss O QOICmeGEELS BRMaR ST ARG HEWMIEA.- the &esponde.dsiNeAgRFfdise in a
pre-heated (pterbath at 37C. Viability was tested using Sudan |1l and
Trypan blue. Cell Cultures in Conbination. A set of flasks was naintained

for 5 Q’lgdﬁy Sig aul%l{. Qgga %%B@ttﬁe ﬂfsu]jﬂ'l%% s&9f Rfeh célﬁegrcgv% ko%%&gwith Slvari tpe medi a
was chanhged weekly "hence some conponents nmay chanhge in concentration
during the wéetker FltypradeclydingRibpfibnodlest nedilBF$3ppl enent ed wit h
In general this invention relates to improvements in the preparation of cells for transplantation.
One aspect of the improvements is the provision of better growth media for the cells during
preparation for transplantation. Another aspect is the provision of a second cell type to form a
supporting co-culture for the islet cells, and a preferred cell type exhibiting a combination of

support and trophic effects, as it shows (among other functions) within the testis, is the Sertoli

cell.

EXAMPLE 1a

This Example relates to tissue culture methods for raising and maturing cells intended for

xenotransplantation.

Porcine Islet Cell Isolation. Pancreatic islets from 7 day old piglets were prepared following an
adapted method from C. Ricordi (Pancreatic Islet cell Isolation. Austin R.G. Landes Co. 99:112,
1992 ). Our method includes enzymatic digestion (collagenase, liberase), culture for three days
at 37 deg C in RPMI 1640 containing 2% human serum albumin, Ciproxin and 10 mmol/L
nicotinamide in an atmosphere of 5% CO, and 95% air. Viability was tested with DTZ staining

-



ei ther 2% HSA (human serum al bum n or 10% porci ne serum 10nmM ni coti nam de,

and 11.1 nM glucose, and the foll ow ng conbinati ons and vari ati ons were

tested: Iwo@amem200 |slets with 2 % HSA 2. Islets with 10®CpNZvR2/MNE9%er um 3.

Control . Sertolj cells with 2 % of HSA 4. Sertoli wi th 10% porci ne serum

5ot BCieleE I aBP ol | 10 100 wi th 2% HSA. 6. 181 et'sl Ser ol i 1. 100 i th
10% pgrcine_serum 7. Control Islets/ Sertoli 0 Q00_w tp 2% HSA.

| sl et Eprgimer Serfolii Cely Ispdasion; ¢oll Cuiimres i Fﬁ@bgleﬂmn fidlgselom g Sﬁlaﬁé’ﬂﬁl%iﬁ day 46

for stafl ébll§étéd"‘!iﬂ MEISNsoMtioR iALILGRS entibRRy. (Id @6latdn 3R Bertdlidcetls &k ldohy tests
with DTZ ( rgs 18-20) and AQ PI stainjng. Results are exg}(ﬁ?é&f t hr ough

phot o FHHEWB)ér B t&aJ(FfFeg%m‘iedEE? ity sepa¢ ynqeiifisatonssRaiofpobBhetes, SUYY gr oup

of I shets3173bd)Ushé Mstifies ekl RRLAL sf0080556h e \BIARBAY nEARE EntbA SRAEH
other, A cell npnolayer fornms @ background to focal concentr t|on of

cel | sDigeesi With gissoshePigsstion wes fore ysing PRA3sEra9d| feflagsmasy It ip-hgated gays i n

cul t Ukv@terbatatt 76C. WBRSITity A tesRl L{sfﬂFSuﬂﬂPHPHﬁd:T i@pRel here is an early stage
of formation of three-dinensional structures (normally seen at 2-3 weeks),

and i %%lh@&%%gﬁrg C?Hlblﬂélﬁ% lskikst F U%%n(a%ﬁ%{ sty d§5%eﬁ‘sn?§ adafetyRgks in

cul ture et ce erase Isolation) cultured for 5
weeks HW@WSHSA}hQaééIPWSB list. gT hg medipenehanetd yeelfly hense same cemipgmqucmat'ur ed

for fclyﬁgé(%n %ﬁéa Tfyh@np&frﬁfgwse Seb mIﬁé‘tbas"e ﬁlmm haso Iheabgﬁppﬁmﬂt&u whhion

et exists in the exanple where honol ogous E@g) serum 9
V\D 03131912:7 ﬂ@Hﬁmmmz/ {ome 2lbundén g% é@P/o Wﬁ@%mﬁ M nnieqimegids,

evi denaf flooll AN fitblihe CRIBRAGS I vhidilodt SbrcCiBld® (Col [ agenase P

isolatio cul’tur s wth against fig5 - the sane but

with 10 r Iﬁ?al n, an |slet |s present wi th honol ogous serum
whi | ejft é’oﬁﬁ I?rlnlglﬁt%s}’iﬁlu?h@&u ure appears to be noribund. Conpare fig 6 of

Sertoli eII (i |tured for 5 weeks with HSA in the absence of islet cells
agai ng:t 17 ?bspio Hg* 1% %bor ci ne serun); it appears that the honol ogous

serum.i s benefl cial to Sertoli_ cells - preceding Figures also showed that
hono! 8g&aBtreleyeralijceliseie 2 % jofHS t"*o islet cells. The next set exanines
co-cultures. Conpare fig 8 Islets with Sertoli cells in the ratio of 1:100

(1 i sheferajuvvidall@amostcine sesry 100 Sertoli cells) cultured for 5 weeks
usi ng HSA, against fig 9 (using 10% porcine serum. There is
5. Control Islets /Sertoli 1:100 with 2% HSA.

6. Islets/Sertoli 1:100 with 10% porcine serum
7. Control Islets/Sertoli 1:10.000 with 2% HSA.
8. Islets/Sertoli 1:10.000 with 10% porcine serum

Samples were taken at day 46 for static stimulation with glucose (SGS) (Figs 21-22) and viability
tests with DTZ (figs 18-20) and AO/PI staining. Results are expressed through
photomicrographs Figs 1-20. Summary Fig 1 is a photomicrograph of a group of islets
iltustrating different stages of development close to each other, A cell monolayer forms a
background to a focal concentration of cells as in the lower part of the picture (normally seen
after 5-7 days in culture). In the upper part of this photomicrograph there is an early stage of
formation of three-dimensional structures (normally seen at 2-3 weeks), and in the centre an

islet-like structure (normally seen at 3-4 weeks in culture).

Compare fig 2 (islet cells (Liberase H isolation) cultured for 5 weeks with HSA) against fig 3
showing cells of the same origin cultured for 5 weeks with 10% porcine serum (at a slightly

higher magnification than fig 2). An islet exists in the example where homologous (pig) serum



sone cell activity in a co-culture with HSA but islet formation is seen
only within the porcine serumflask. Using 1 islet equivalent (IEQ for
every 10,W0038envel i cells appears to be nore optinal. | nPCIKNZbE0oMhat

ratio unpn serumre ﬁ.aCE in, No i et forymation; whereas in fig 11,

t h

10% pdr%se%e % %?ﬂ?&tﬂlcfl ?Vbdgnf%? QVing P her exanpl es usi ng por ci ne
serum t 10% a shown in Figs 12 ~and 13. Diangter Lnn, 600
gm a PWE 8@?@?”&@?%‘5@?“3%&?@4}%’5 Gifured; 9% WS?ksl“élTheIfS[é‘g} ?%SH §Perentl y
treat edh@ warhé!bas wathl 100 ipdREheVetulin. 1A2§ézm PAY Glehgs pREMMWIH Borkblogdll Rium _
(CoIIa enase Prsolatro%ZSO m %1 | slets/Sertoli 1:100 = 150m Fig
16: ¢ Sreduppag) serym oy @pEea?de Cp’i%@n§7 | slets/Sertoli cells cultured
for 46 days _and the size of this islet is 400 m DTZ (dithizone) staining
i s shéwppie ffg @ef Sgtolivglisetitued. forr yealy VoA UM deer absgse of islef ealls pgnttol
1: 10, GQ0) (uSiReVeH RRHEe RS IV Epp'é&ré"ﬂ'iblt N8 h6inBRed® @A 20v@kRciivB R¥BAP! es of
(the same co-culture ratic wth 10% porcine serum Here at |east 85% of
cel | s celisai preepdingsiignips (ajpofshpwed rha*s hewelogeys saan| i henadiciabta blst cedie TBuI d

concl ydg Ehabdih8rIB8-capears to be a synergistic co-operation between the
use of honol ogous serum (in this case, 10% porcine serun) and co-culturing

| slgy Eng%fs' f%ﬁv‘fsfe%()?hh RASH ceﬂs"ﬁﬁ 26 "h@ o ‘i%b %1 deq'u{?y %:ﬁ't' for t'%’é@rgpllg)p

because nponent’'s are present ere ormatl o

wel | - c$ert<plnea1ﬂs)r @uimceldfor élw@tekmsmgcﬁm,e@amst @%Mmgrﬂomcm seryrg). There is

phot o r r sis" -
P oo SE AL ARy i 10 SuRE AT b REMLE iR aHGE R S R BETBRERET ° o1
of abeerme®Bk.mi crons is the upper limt of size at least for the protocols
tested to date, and this may be related to oxygenation of the cells at the
cent r Jstnp leigleheduastalent QIEQW}brCéSé@Z(T B(KDSd?(o‘]i/ch@ﬁiﬁ)?be mxANRtimal Ib figrisul i n
releae sts 2 21|sabar raph,t o show t he

| psul 7t Tk Bih e i aed & Hpcdh REMANGS URrEs f Gedlantt RRSBR ect o
t he prasenesulefin Begd Blets. Palthes exaﬂhumesngngrpawﬂib Sefurh hae 10% afeoshsen icFgs 22 is a
bar gr @h to show the insulin response of encapsu- lated islets and the

ef f ectilbL3-(panpiepekbisiets: %qoiﬁﬁr@prh@’%‘rié%mﬁunan serum during culture on the
response. All the cells used in Fig 21 were cultured for 46 days in nmedium
suppl digsntdetd Wi showlogioup eires ofasleterfiom diffecentipiticatetl dultenes pih raisslewige 16%r free

o ol Bt R R 8 (e £ olionf 3P B it Jo: ARG LT when

150pm, Fig 16: Islets/Sertoli 1:10,000 = 500 um. Fig 17: Islets/Sertoli cells cultured for 46 days

and the size of this islet is 400 pm.

DTZ (dithizone) staining is shown in Figs 18, 19 and 20. Fig 18 grown under HSA
(Islets/Sertoli 1:10,000) showed some positive staining. Figs 19 and 20 are two examples of (the
same co-culture ratio with 10% porcine serum. Here at least 85% of cells stained positively for

this test of insulin secretion.

One could conclude that there appears to be a synergistic co-operation between the use of
homologous serum (in this case, 10% porcine serum) and co-culturing of islet cells with at least
the Sertoli cells used in this Example, because only when both components are present is there
formation of well-defined rounded islet structures as shown in many of the photomicrographs.
This phenomenon could be described as “organogenesis” - if one can call an islet of
Langerhans an organ. It appears that diameters of about 600 microns is the upper limit of size
at least for the protocols tested to date, and this may be related to oxygenation of the cells at

the centre of each ball.

10



the maximal insulin release was significantly higher when the m xture of
Sertoli/islet cells was re-seeded one week before the SGS with a maxi nal
i nsulin rebease2od 356. 7 ul/ 100 | EQ hr conpared to 46. 99 PAU/NAQ0IBY hr

from mgﬁ%itiébets not as a co-culture. Interestingly, islet cells in
co-cu rtoli cells were able to produce sone insulin even though
there were |ot of apoptotic cells (see photo 18). These results confirm
t hat Beuoliwirelegsel tests piSEGSeteste ltigse2]b&t a2). dug 121fis racbzirographThe sk@mehd 7&18&11'3 wer e
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pancr e&porsed Sl ets in non i Mmunosuppressed di abetic reci p| ent s; prelimnary

results") and cultured with human or porcine serum The insulin rel ease
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uman vs. Por ci ne_ser unj e era ximal insuylin rele ays
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serum Hovveve 1gl}nter 36 daéré%c @){ué re ins ﬁg crea ed to 54

ul/ 108 BaFRR [ ing gilipapddy pigher, hep tedis P85 uu 100

| EQ hie- §e@de(ﬁ61€ea{i)§®ﬁ Bétﬁﬁ: ihs | ST S withVat i afi@NAL iR ElirS ealea@a of rB56.7 dgJ/100IR{@MeNsSt r at e

the effect of serum i@ecﬁfvﬁ?@ﬁg functional cell nunbers, i‘gte the, .

phot ofPEPSEF ihfd-#4 gU quy rgspeeded iflety P Bt FRYCHIE e (RiPESImel} iSltel | s i n

a raticflsGh cé—cﬂl@n@@@th%érﬂ)h detiSwer®abi 6 PARIuCS ls6ths irfstiiih leveﬁhﬁwugsloﬂmerep@&et ive

DTZ staining. In conparison, DIZ staining jn 20 with the sane

rati olbfof @appotic grlls (stohfa H)pbiess ﬁ%ﬁu%f:mngh%kgwitce foreservrete bsiss of t he
cel |l scar@nBoh positive cells. It should be noted that we did not seek an

i mmunol ogi cal barrier conprised of Sertoli cells. 11 WD 03/027270

PCT/ NQeQ0d %ﬁ%@%ﬁ& élcgpéeuédfdl %}Q’Met RBEHIE- o /fhémdd@rdeée%@oes;ncmﬁoﬁeor kers

inthis art Is that the neonatal o%/ derived cel und ergo a potentially

mal i gerdl fseansslefiorat Baste  &rhBesellif mﬂﬂntlﬁfﬁg 19@?m28ulzt12ﬁ:é f Effect of
cells a@&%&#ﬁﬁrﬁn&ﬁ%ﬁ geﬁéréﬂt Ric [Eodaﬁ%l téM) ﬁa?lsM%{tXudnnﬁprahﬁl@tpl%sﬂ Q¥Yd

cytometr been use ol d cultured cells 1n this
st udy Calﬁﬁ@ﬂee Bastar gfpr Belemi,s HlfrbéteDl\MutfoM@ith $9(9ﬂ,l i Hoftedi(FYaspudant gtafkaaﬂfrrent S.

R S L N L M e B o

preliminary results”) and cultured with human or porcme serum. The msuhn release results are

shown in Fig 22. ”Static stimulation Encapsulated Islets: Human vs Porcine serum”. The
average maximal insulin release after 10 days was 54.57 uU/100 IEQ/hr for the encapsulated
islets maintained with porcine serum compared to 128 uU/100 IEQ/hr when cultured with
human serum. However, after 36 days in culture insulin release decreased to 54 uU/100 IEQ/hr
for encapsulated islets with HAS and increased to 154 uU/100 IEQ/hr for encapsulated islets

with porcine serum.

In order to demonstrate the effect of serum species on functional cell numbers, see the
photomicrograph Fig 18: which is of a culture using Islets/Sertoli cells in a ratio of 1:10.000 with
HAS. Only some islets still show some positive DTZ staining. In comparison, DTZ staining in
Figs 19 and 20 with the same ratio of cell types but with porcine serum shows that more then

85% of the cells are DTZ positive cells.

It should be noted that we did not seek an immunological barrier comprised of Sertoli cells.
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Islet célisfeitin2% RS Ax éavaramsipl ant.  Thils i dea can|be extenddgd to the
of any other recipient ceglls stich ag§ enda heli @4l celdl s, [|chondrocytes
Exper | ment.a ro ures. Horcine isldgts isolateqg according to exanple
j@%gi%%lfn&ég? ﬁ?tcﬁ(rjéso(?aahopi human prirary (non-tfansformed)| fibrobl asts
Wit JORROSCIBEREM Rel | typels to conparle 12 WO 03/ 027270 PQT/ NZ02/ 00197
Ktent of proliferation and botR-6%ourt aﬁ(?lr[‘)esp)nsi feness jof insulin
Selet Ta8 ( € ollAenhsaP GRldtiohypes were uded as a fegder layer:| 1. Human
BRikie 1600d58Yine HEKAR3) [ ATCG CRL- 1573]
. 93% 5% 0.88%
Islet/ Sertoli cells with 2% HSA 0.03% 0% 0%
Islet/Sertoli cells with 10% porcine
serum
88.2% 9.89% 0.9%
PK15 (porcine embryo kidney
cell line) as a same-species control
66.6% 24.9% 3.72%

EXAMPLE 1d

This Example relates to another tissue co-culture method for raising and maturing islets in

combination with the recipient’s own fibroblasts as obtained for example from a skin punch

biopsy. Fibroblasts appear to be at least an equivalent to Sertoli cells. in terms of a synergistic

supporting relationship, and the resulting cell groups are suitable for xenotransplantation. The

recipient’s fibroblasts (allocells) are used as a feeder layer and ideally would grow over the

surface of a globule of islet cells during tissue culture and form a surface layer capable of at

least partial immunoisolation so that the islet-fibroblast structures can be put into the recipient

for insulin production. This isolation should prolong the effective life of the xenotransplant.

This idea can be extended to the usage of any other recipient cells such as endothelial cells,

chondrocytes etc.

Experimental procedures. Porcine islets isolated according to example la were put in co-culture

with human primary (non-transformed) fibroblasts as well as with other cell types to compare
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2. HeLa line 3. Human fibroblasts (HEF312) [ Auckland Hospital] 4. Porcine
islet cells 5. Porcine Sertoli cells Flasks wwth RPM 1640 nedi a
suppl emrenwved3met2ho ei t her 2% HSA or 10% porci ne serum 10nWCTNZOROIIRAM de,

and 11.1 g re @a aj f o fCB 0 et uman
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W th g"/ﬁ.ug‘.af&.embgyonllcs#‘g?egl(ﬁke:‘g%\kﬁ‘? Fégo@)ggrl gc;fi3 e serum 6. Control

Islet3d/ HEK2B® with 2% S. A. 7. Islets/HEK293 1:10.000 with 10% porci ne

serum T, medi a tW.C er. ek. After 40 days in co-culture,
assegés'ngﬁfna%%bfoé)i%%t@@ggﬁ?%%ﬁ@g % 1Ea\iﬂePhotom' crographs were taken.

Sanpl €sPoveihe iddtollt aken at day 40 for static stinulation with glucose

(SGS).apgd DIZ staining. As shown in Fig -- the best result from the
st and%rg?rg@a%%%éﬁﬁ%cedure was obtained fromthe islet/fibroblast
c0- c uFkskseyithwR PMII d Ui edid 3fplemented-with ¢ithep@¥ HDO ot HY hawine semch, tikmMut put

of inguli.n drop ub uently. Altho hi_s..Exanpl e has not i ncl uded

t he iﬁllcto#”é"lmlg?’ %‘Eglﬁc{ﬂ@g%qﬁoﬁegwéml%%%mﬁgE?)re4tr() dc% “fibroblasts froma skin

bi opsy. (QentiobBsibtahfunbm dbdoblasts tvithe2 MnldWwoA .abutibalSd@h, altungnyal i dity of the use
of fi grqgl a/%ils I}Z:BS t}e n .&Pgmnstr.at ed. VARI ATIONS This Exanple may al so
relat& tooe) LR TR HE ROREPS P S si ng and bringing to functional

mat ur 2.t yConaiol Bless/Satdliscelsnwlittf @ri6tof B®A. cel | groups, other than islet cells,
whi ch arlﬁgtisgtgﬁaﬁ]%ﬁtgl‘}g% xenotranspl antation. Note that the concentrations

of po?'ci H’é’éﬁlpesﬁeﬂﬁrr‘y set at 10% w thout any attenpt so far to

ascer {.ai Contil Bt fHshaantunWH.Never t hel ess this Exanple covers such
{rom tndSEpalal e e e her . tho  amount of gl ucose i the cul tare
nedi a6.usEshtiohBlenoHERSD3 bitle r2%HIS.Asubj ect of experiment. 13 WD 03/027270
Eﬂcrlfgé@ggé%qﬁﬁﬁfot@ @ﬁﬁ‘ﬁ‘éé%%iﬁe S%Fulnlls, known to have an i nmmunol ogically
The media was changed twice per week. After 40 days in co-culture, assessment of results was
carried out. Photomicrographs were taken. Samples were also taken at day 40 for static
stimulation with glucose (SGS) and DTZ staining. As shown in Fig ___ the best result from
the standardised SGS procedure was obtained from the islet/fibroblast co-culture, with about
1350 micro-units per 100 IEQ/hour, and the output of insulin dropped subsequently. Although
this Example has not included the initial step of obtaining a large number of fibroblasts from a
skin biopsy (we used a fibroblast line known as HEF312), the validity of the use of fibroblasts

has been demonstrated.

VARIATIONS

'This Fxample may also relate to tissue culture methods for raising and bringing to functional

maturity various cells and functional cell groups, other than islet cells, which are intended for

xenotransplantation.

Note that the concentrations of porcine serum have been simply set at 10% without any attempt
so far to ascertain an optimum amount. Nevertheless this Example covers such variations, just
as it covers other concentrations of nicotinamide apart from the specified 10 mM. Further, the

amount of glucose in the culture media used has not yet been the subject of experiment.
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possi ble to use as trophic and supportive cells other types of cells
i ncluding genetically nodified cells, and unnodified neural support
(neur ogl inabD)o3oei2ie, fibroblasts, adult stemcells, and cRrerdNZoCHLIOS.

| ndee ports the use.of fi h y t her
benef ?‘P gﬁ%%g |S§rgt01gi Xt areg 69 867 f‘%lmmn(unl9 E)t%lt%%lga Sévﬁ%%;-ﬁ (ﬁﬁoggl tt}ﬁ%{ gé
fibr obd>sa$testotusga$ trephivatichsupportive eells Sttetr type$ bScells tnclmﬂ;ng@nctwdheﬂnhdﬁacﬂ |y

accept r an_indivi a a IIs
prese?@%da?% %%anP3$SW%@H a¥ﬁF¥ﬂ#?dﬁ¥ 2 5&%@% ﬁﬁﬂﬁv%g a? af"$ he
onsetdumdakmm&cal di abetes, or individuals having a known susceptibility
to a disease. It nmay also include honograft techniques wherein human cells

E t ha{ t]ﬂd%ed S@fahﬁtéd ldf'bﬂpﬁcﬁr‘isﬁthe @8t loF MEoHMSBC TheR! Maf tberfaﬂfaért ﬁdneﬁtr ai ﬁﬁﬁg <t
oge el‘ ee 1N e pre enc 0] unman rum an ulting I1sle
o't BoBiAss OhSraior aivenbel GUS aaTTieb b b Vil e e Gal

I nci dent al I the Sertoli cells may be froma different individual because
it i sltumey tbépcgm@ iéicalfg racesipiableeq &ajiaip, Fa am&diedal vi Pakh of P sdls of

i sl etF Sdrled tntt%te 8f Bt 'ﬂ@ép%is%%ﬁt ﬁl@ﬂd&'%ﬁﬁvﬂwst & ans elts@flbﬁ ennteavaﬁstf{éﬁ
BENEFI TS or ADVANTAGES G owi ng of _ani nal s in vitro

xenot P’anl%cb‘t’lélllﬁlsathiaﬁﬁg (aagﬂ%@’frﬁ‘aﬁcéﬁilbélﬁy Hari‘/éjé%eﬁsﬁg If §13§t§50f Ptﬁlﬁdenﬁ(tfﬂ?ga%m nal

pancr f‘e@ﬁﬁaﬂesf@%r&htﬁhﬁﬁ Jeﬁhe(ttlpcﬁ%%qﬂélﬁa&i isf0 CARSHH BB oisStheeo P aRPABd | ON,
and would allow better control i nfectious pathogens such as potentl aIIy

zoono#qgether, ifizesded, dy die presenes oL humpapessrunyigad .thﬁ/teﬁtltltﬁqlslﬁt sdl PPeRA BeEbF or the

manuf ged.po@df 266! ﬂeaéﬁéar &f BRNHdRARAH 1BRidbRal tﬂeosat&tpeétﬁ mhf PeSfro@Saan
alternative to reconbinant or synthetic nmanufacture. The advantage bheing

t hat diffprengindiiidiypl heqasss ibis vnlikely ithes Sextoli epdls welbbe @éluéﬁd pitbinehpgnasysdiced i s
p_row gg@cm_tﬁﬂ%m%ia% atﬁgl &1 mttpﬁgﬁgﬁtyes and that any contam nating

m cr o- organi sns may be excluded fromthe products. This invention provides

a sup tBﬁ@ﬁﬂ’I’[@o‘?%@VﬁN‘T %]thlse for encapsul ati on by known neans

and tﬁ lgleR use in xenotrans Iaan t he advantage of this invention being

t hat e cell are ctive and va| | abl £ i reat er
quant 't g8 tolitéﬂm%% S P ﬁ}r%%]é)gf%stpfe@tagimﬁﬁslﬁf pa{e dat ]% § (%d t hat
t he s anpee ahintdh pmarmsbtfacﬁtatea%dmdu@df anadsolated | idlet trepmtagion, andt\muidt hi s
provi SJLO”% spechfllf f?t? {1 Q} Ilmﬁtled tgent@ﬁ, re tecrre% eré‘{,)é)d JROLS

descr PEYH OCHE QPHOk By cnlgtp'a CPTE PP PO SESTHAHOSEN G SKIPY Wit [*"&ppr eci at e
t hat waes.ous nodifications, additions, and substitutions are possible

wi t hout departing fromthe scope and spi rit of the invention as set forth

i Nt hght GhleanbM dls6 I pRovides A ARIIRRE OF BICE NNAZ4 B85t Don ol AlrdPrepara-

tions, as an alternative to recombinant or synthetic manufacture. The advantage being that any

glycosylation or the like of the peptide or proteins produced is provided by the mammalian cells

themselves, and that any contaminating micro-organisms may be excluded from the products.

This invention provides a supply of islet cell groups suitable for encapsulation by known means
and then for use in xenotransplants; the advantage of this invention being that the cell groups

are larger, more active and available in greater quantities than was formerly possible.

Finally, it will be understood that the scope of this invention as described and/or illustrated
within this provisional specification is not limited to the preferred embodiments described
herein for illustrative purposes. Those of skill will appreciate that various modifications,
additions, and substitutions are possible without departing from the scope and spirit of the

invention as set forth in the following claims,
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1. Anethod for carrying out long-termin vitro assenbly, propagation and
maturation of a functional artificial tissue conprised of nore than one

ki nd of cwblosadeen from at | east one species of manmmual, eoamnaoresivsed in

t hat &Eﬂﬁgée)d first type of cell capable of being stinmu- |ated to secrete
a pro I 30-cul tured over an extended period together with at |east one
sel ected second type of cell capable of providing a support/trophic

funct l.oA fethddhfor fciafrﬁhg to)dpmng-tfelm an giroVissentbiyg ipuopagation| &meniagdativnt 6 an

effecti nt of ogous rumfromth tha

pr ovi de\é’nﬂﬁ%n Ral {}136 cfrg%qégﬁl Of ZoTe HhAN i ggﬂﬁl ggﬁgdf %%%If ﬁ8ﬂlam v R8F -

gistic gfemgpsf ﬁfanmaiemmethﬂlseﬁmeﬁatarse%edtedéimnﬁﬂ cﬂ\cfelﬂ ciﬂmblea)ftbehﬁeaﬁ?merl Fd'

2. Ane as claine nto 1 for a.fu ion rtificia

i souo ik woraBleah e P iRb e R el Bred PerldaoR R BL =k PR £y pe

?f cell saembl deses@Gotpe bﬁlqgﬁ cﬁ;fabteed»ﬂprql)xddlﬁg gyum&ptaﬂﬁcbmld)ﬁrl]mctﬁgﬁﬁeﬂ&l firgt thpe, |
uncti ona ert on o-.cul t in wth nedia su nte

wiih ol berutt et B ErsreAdni sutie e bbb aPE e S o

ti ssue Emmeb@fg‘[e&flhﬁdhmrﬁr@w(gedf theciirgt §pd gs udlf, &6 iting ofrganme? ﬁdﬁﬁgm eemiyr-of t he

propert to all eviat e defi n . A nmethod as clained in claim1,

char act é’?tﬂcs%rauli’sno trﬂlﬁ?dafaﬁllg getvaﬁ é/do‘?velig}el ﬁeélgg(gﬁﬂf’tded from the group of

endocrine secretory cells and t he product is, an endocrine hornone. A

met hod- a I%EPtBWré%IClﬁlﬁleél%thrPl@m drar Bagiag iadBactionalyagtiffcial ﬁ‘ésu%éé'i@rﬁelﬂi?ﬂén of cell

i's sel eglafehef 4rQ10ial As@E %&%dle@ﬁ'ﬁkh@ kype oBREL &ld a s‘e@bﬁcﬁtyg@ df Edubbahy agfable 07- A
method as clainmed in claiml1, characterised in that the effective anmount of

honol 0gBYRSeSS¥E A iNstonplPrepert RFebeie ¢-SHPETont By gneads serriemenRAd VB ume in
the grow effée&i% uﬁibuﬁt ofﬁaoﬁﬂéﬁ@% dsusl 8 PRE el Mbshe rhd}abeAEhRId Beslai N t hat

the growth mediumalso includes nicotinamde within a range of from about
5 M t oTeslbist suferipgifiom a deficionpibell the PEgpsTtivda alleyiaty te Meficiendar act eri sed in
that at |east the first type of cell is collected froma neonatal mamal .

8. A Bethodthed as|ciimedin ¢laiol hi qhmotﬁmednanhﬁqhaﬁfsumuqfwaﬂ isageldctedcfiam ti ssue

char act gf, Cgst&gq b entdggrﬁxf sEQ@toﬁr' defil ad/BE Pbauflslan eﬁd&%ﬂ@‘ﬁ&hﬂ Lells fromthe

pancreat angerhans and t at a rat Irst type of cell

to the seeond,type.of lﬁ%{agn oS0 nd 5,00 0870 QRCTANER Q197 ©

A net [ AR an ar

char act egramdneindihg Sertdliivellaartd fitrabladts. t| ssue is grown as a co cuI ture in a
grow h nmedi a supplenented with an effective anmount of honol ogous serum
gl ucoseA msthodi Raldimedrindeaims 0, dhaattetittd ih@Batl the Bffectivd ambanadf hdniclegoms

exhibits a functional cretor ocal, conc ntr tion of
gl ucoseSTER F fiht 1458 Ofg‘? aginétl %6(? ﬁgghzﬁ/hh}{/"@&mﬁﬂ%fh[eéﬁo UPaci pi ent
suffering fromdiabetes in order to allevi

6. A method as claimed in claim 1, characterised in that the growth medium also includes

nicotinamide within a range of from about 5 mM to about 15 mM.

7. A method as claimed in claim 1, characterised in that at least the first type of cell is collected

from a neonatal mammal.

8. A method as claimed in claim 4 for making a functional artificial tissue characterised in that
the first type of cell is endocrine cells from the pancreatic islets of Langerhans and that a

ratio of the first type of cell to the second type of cell is optimised.
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the disease. 10. A nethod as clainmed in claim9 further characterised in
that the second type of cell is taken froman individual in need of a
functi onawogsat27@nd after in vitro propagation and naturzrcirmzozmmget her
with hef type.. eI r i.od i

reC|p?entlh&%§%é¥(%gg %% aﬂ%%n% fgnag %%@ﬁ ¥§¥g%ﬂ§%h&8n&ﬂ§iQﬁiﬁ 1%§od as
cl ai nedaitificiel @Esne iOgibwntaser coeduinmcines gmedh inmedishaitpplemented nwitti amaffectizt |

conblna- n been_gro s_a_co-cul.ture f 30.. about
50 dayo PRelr S RioEioar s sahRy ey s nilhithfle, & sl 2P Rapithe et o0t
conprlseﬁuehﬁnbneaﬁhﬁnmﬂmemanwnﬁﬁomﬁubaﬂahbmnkmﬁHMamofgamwmamehMB@ecies of
manmal , terlse t i ti .conprised
of at fn%gl Ssu? i aa1yl r%egnllngoe re{%en(% guﬁnl%& %éﬁ@u%uqege |n(1)r?sﬂ§e§1& 8cahe1|§‘flés:t8
conprls&d<h%m® first type of cell, capable of being stinulated to secrete
a product, and at |east one second type of cell capable of providing a

S Upp?_nm JA hm@ﬂiu'cpasf dlmteﬁ qmclalﬁm ﬁismgf bﬁasdctetn‘lgaemahatctﬁé kecotid&pé BN ALl i0 Meken ded
artific tls co-.cu re.in vitro over an extende

er | od e dnaiiyal R e of b ot R aelater ol e AR R o 12,
C“Z‘r act ejgethed with thblaﬁsttthe ofi gelitfot MRried iCelthmed $o 8@l Gistictid rbaisienttinethe ange of
endocri se [ ells, .and is capable of expressing effective anmounts
of at gﬁﬂ% é%ﬁi 5%?@?*%ﬁﬂuﬁP8 the growth medi um when in association with

t he second ty cell, so that the one _or nore secretions_my he

o Al bR P anicsoL i th P Mg thaiionsed e et dor BGeRRal ool Gitine

functi onghs Rdvkideb® isfhwrl AsSSHLASrLCIARIRTRAab It Bb 8 BbJu3 50 Gagy ACHEwthSBEdibn t hat
t he secretlon is insulin. 15. A functional artificial tissue as clained in

claim 19f thisf¥Pact eri sed in that the functional artificial tissue is

preserved in a state of metabolic arrest suitable for transport, storage
and Nat4 funegenal pgificial tissue comprised of more than one kind of cell taken from at least one

- species of mammal, characterised in that the functional artificial tissue is comprised of at
least partially organised synergistic accumulations of cells comprised of a first type of cell,
capable of being stimulated to secrete a product, and at least one second type of cell capable
of providing a support/trophic function for the first type of cell, the functional artificial tissue

being formed by co-culture in vitro over an extended period of time.

13. A functional artificial tissue as claimed in claim 12, characterised in that the first type of cell
is selected from the range of endocrine secretorj cells, and is capable of expressing effective
amounts of at least one secretion into the growth medium when in association with the
second type of cell, so that the one or more secretions may be isolated from time to time for

use.

14. A secreted product from a functional artificial tissue as claimed in claim 13, characterised in

that the secretion is insulin.

15. A functional artificial tissue as claimed in claim 12, characterised in that the functional
artificial tissue is preserved in a state of metabolic arrest suitable for transport, storage and

later use.
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