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
material by cell/tissue culture nethods in order to make material suitable
for transpla 003 o a manmal in order to overcone a dis gf/ éﬁﬁ*ﬁlency,
or defect. gﬁ cularly the invention relates to preparation ells
and cell conblnatlons for use in xenotransplantation, and specifically the
invention relates to trans- plants of endocrine secretory cells such as
islet cells for treating diabetes present within the recipient. BACKGROUND
A patient afflicted with the irreversible disease di abetes has defective

i slets of Langerhans and cannot produce sufficient insulin to respond
appropriately to blood glucose increase. Since the discovery of insulin by
Banting et al in 1922, exogenous (injected) insulin in repeated doses has
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compnsed an effective method of control of blood glucose and has greatly extended the lives of

many diabetics. Implants for use in controlling endogenous secretion defects such as diabetes
are known, where ideally the implant would (a) broduce s_ufﬁcicnt 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 ghucose. 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 defracting 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



xenotransplantation if it were possible would provide nmany advant ages
i ncl udi ng cost savings, and better control of the product, including better
control of infectious pathogens such as potentially zoonotic viruses.
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example, neonatal porcine pancreatic tissue; including 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.



connective tissue secretory cells; a group including cells capable of
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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 & co-
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Preferably the first type of cell is selected fromthe group of endocrine
secretory cells (as herein defined) and the product is an endocrine
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that the artificial tissue may be grafted into a recipient suffering from diabetes in order to

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



time. Preferably the first type of cell is selected fromthe range of
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Preferably the effective amount of serum from the same species of mammal is at least 5% and

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
(IEQ).

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,.



described in this section, which have been grown together for at |east 50
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transport or storage.

In a fourth broad aspect the invention provides a method of in vitro propagation and differen-
tiation of functional islets in a medium as previously described i 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 tbereof 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.



not to be taken in any way as limting the scope or extent of the invention.
The specific devel - opnents that have taken place during devel opnent of this
invention are in relation to xenotransplantation for cases of diabetes.
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culture). Fig 2: Islet cells (Liberase Hisolation) cultured for 5 weeks

w th HSA. Pr&brgbly?*adbﬁle&%e&ﬁiohﬁs flkisher ase H isolation) cultured for 5 weeks
wi th 10% porcine serum (higher nmagnification than fig 2). Fig 4: Islet

ceIIs( tured for 5 weeks with HSA. Fig 5. As
fig 4 but—-am&g;@f’1 @Mlg 6: Sertoli cells cultured for 5 weeks
wth HSA.  Fig 7. As fig 6 but with 10% porcine serumFig 8. Islets with
Sertoli Eeldgscmpthmovf(the Ingention de b pravider heren dsorivesauredy by we ofgyaraple and8d for 5

neeks W oo Aokl £ oy off of hﬂutég%et soffel & cLRA B BLifeRord T4 ool Aol

Islets with Sertoli O cultured for 5 weeks wt Fig 11. As
fig 10 buaPmaris hthalogiso takethelase rdwsipe rseqionmany qinthisaiyentios we sm reliﬂtlwo to

03/ 02727 Celubh iR 24100 481/ casésl O didbetebs. SH@&e%ﬁﬁ%QJt'beC;%&ﬂséd thhi B0 BefiplsUbt ur ed

for 5 weeks with porcine serum Dia of islets: 300 pin and 600 pm Fig
13: As Filglorocan e gpplied to ghef pestol c@wuﬁhfs @fgcﬁ%@?m%aﬁ BRI sizes of
islets fromdifferent cultures with 10% porcine serum Fig 14: Islet

(Col | agenbd&J BTRATHOND 250 pm Fig 15 Islets/Sertoli 1:100 = 150 pm Fig
16: Islets/Sertoli 1:10,000 = 500 pm Fig 17: Islets/Sertoli cells cultured

for 46 days.i P§bt%§ué?<f6% o Sl Sl bf bSadHebhtiiRts B Shribsy sthdbé o?HéUel&be@ntofA cell

pratin 4 D )

Islets/Sertoli 1:10 sonme positive staini n% & 20: DTz
staining of |sMoNgEwa oS 2 haclmo‘emo\ﬂ IR Al icARCeRERigH: O M/(mlmaﬂscéﬁqrs
positive 5-7 days in 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: Tslet 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.



to stain. 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 growh on the response. Fig 22: is a bar graph to show the insulin
response of encapsul ated islets and the effect of the pre rcine
versus human” 98?@%’&“ ng culture on the response, using as@@&“?;"“l?? Fig
23: i S a Hial2: gisgdr Séreolis belisy (1:ME000DNated e s poseke with posdiret seoeh.| Biagre@wmof
together with a varjet f other cell types including the fibroblast line
HEF312. In genSE&i £4°Hfréa11‘£9@rﬂqlon relates to inprovenents in the preparation
of cells for transplantation. One aspect of the inprovenents is the

provi si offioB: s Kig 2. JPiamenr aisdleta PQEMt he cel I's during preparation for
transpl antation. Another aspect is the provision of a second cell t pe to
forma dligepdlfi Gempaisew of &Z@ dfastets frem diffent cwltirgs with d0% norcfeeseruay type

ot her funct  ond) Pt froAse iz S HRREE) P8 FDY, fyefls il 10%@@&9"”% (Tﬁ.”é’”g

Exanpl e rel at eg6:tigetsiSefioe 190 bowesom%fmﬁgsrﬁ Qlets/BbSolN g:1a RAINTRY frid6giage! | s

i ntended for xenotranspl antation rcine Islet Cell Isolation. Pancreatic
islets from 7 8agobihg iftdgs ¥039mwer e prepared fol lowing an  adapt ed met hod
fromC Ricordi (Pancreatic Islet cell Isolation. Austin R G Landes Co.

99: 112, FIOBDIZ sRiningef Bizts/Jenol Ud&e00evithyii$d (somdippeitita sainifg)ol | agenase,

| i berase), culture for three days at 37 deg Cin RPM 1640 containing 2%
human serRigy 18l & Qovi DTZ Giapritpx ofnisiainedal hidt00 lwithnparcite semnp&5% of @ils assitvepher e
of 5% CO2 and 95%.air. Viability was tested with DTZ staining 8 WO

03/ 027270 PCT/ 9?00197 and insulin release in vide. Porcine Sertoli Cell

unr o col IEEAieds 4 Hra0es t S PR ROy L B e 0 SR PBFa Mbeor

Sertoli cells wast 60me preserlck 0RBdIRL chle RBappirbetpsobedsspensyi t h sone
nodi fications (Rajotte, D abetes, Vol 46, February 1997 317-322). The

testiclesiges:ejs Caltﬁa@@gh 16 SHOW @ik aicbufit fEpdnReoCaRaishBed Mt MdNBEEféchbOthd MM

pi eces with scissors. gestl on was done usj ngngL)gA ase and col |l a g&ge in a
pre-heated waPEf95E A BRICIRS Fersuy; Bipap ¢y % OB diegsPepKalis!

Trypan bl ue. Cald. Cultures in Conbination. A set of flasks was naintai ned
for 50 days, using a variety of nedia as per the following list. The nedia

was changggiwegkl par BRPE Qo SINIVE tHe GRIRK RiRpShsé BY islet cells grown together with a variety
of other cell types including the fibroblast line HEF312,

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

g



change in concentration during the week. The base is RPM 1640 nedi a
supplenented with either 2% HSA (human serum al bumin or 10% porci ne serum
10nM ni coti nanm de, and 11.1 nM glucose, and the foll ow ng conbi nati ons and
vari ations ed: 1. Control Islets with 2 % HSA 2. bih 10%
por ci ne ser\ﬁnbg?lsﬁg-;r?trol Sertoli cells with 2 % of HSA 4.ﬂczlé%2w¥b%/vith 10%
por ci ne sewtimmlb. rel@oatiredo.l slets /Sertoli 1:100 with 2% HSA. 6.

Islets/Sertoli 1:100 with 10% porcine serum 7. Control Islets/Sertoli

1:10. 000 Pwicinla St¥toliiSAll Isdlatidic Cell Chlfees &l Corbin@tiod0 Testicked dM%thp Game piglger um

Sanpl es e n. for 1.6 .St | et ) (Figs
Sapl e VERSian, gl phuabeth ikl MeSaBy gl Wigsss (B (P
ReSlHH Es dollowimg phe Bgjotte lpmcad}ghvgl@h;ﬂ@WQﬂlﬁ_@%ﬁK@pN&ﬁJﬁéngﬁ?%@Wﬂ g ]EL is
a phot om X 0 mliaggs o
devel oprré%dt’]%gfé?z % %%%F?Qg'{g ﬁeerl?a&;A’géeq%ratér?Dé%tﬁ%/eg%pggi’ns a _%gc tgr;g:fgg to a
focal comiveastwigh isgssont Lygdstien &gs idang meing JHdA-agmend pllagprasqiin pupe-heaied mal | y
Thore | o aeraniydRLe Vil it vl Sul HPREITERR U onal structures o
(nor mal | 5CAEERedps 17 GonlfIEgiRh; 3 or BolsVesERbAGF for TS, i S B Brvr e
(Li ber asenctfaizs pemthiednllovdug tishr Bt heria Fascakeedniechly HBAJe Wi dompondnds @ay showi ng
cells of cﬁsﬂﬁe %ﬁﬂ&céﬁdaﬂ?ﬁ‘ dGithd the Sile .OFl‘h b‘é‘%e&‘i{PMIt 134@%6%2_ BHIGhAfecSHiNM (at a
rgher nmagni n fig 2).

e
slightly Ication tha (99 . An islet exists In the exanple
wher e horishes gHhubS 4 dhynas serym 2lymipop 30°%0 2ezine Owm, NGoM obatgrmides apsdHl The

human seringflbdeUbfd hﬁ%liﬁmﬁi{é SEMERHs aﬁﬁQ%a?ignsCﬂré%ste@”pare fig 4 (Islet

cells (Collagenase P isolation) cultured 5 weeks wth HSA) against fig 5

- the Saq?CBH&ol‘ﬁéléthﬁﬁli%ﬁ’Q cine serum Again, an islet is present with

honol ogous serum while the human serum cul ture appears to be nori bund.

Conpar e f,i X | i s cultured for 5 weeks with HSA in the absence
of islet z'c%l %s‘glghggﬁélé%cm?lgeg (using 10% porcine serum; it appears that the

honol ogoys ser LS. benetjcjlal Sertoli cells - preceding Figures also
showed tHapoﬁtB%F%‘ab@Sggb&n%iog%ﬁé\nefi cial toislet cells. The next set
exam nes c -cogilt_ r@g mngare fig 8 Islets with Sertoli cells in the ratio
of 1:100 % 2o QUPTEPER™M R or every 100

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 (fgs 1820) and AO/Pl staining Results are expressed through
photomicrographs Figs 1-20. Summary Fig 1 is a photomicrograph of a group of islets
illustrating 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 (nommally seen
after 5-7 days in culture). In the upper part of this photomicrograph there is an garly stage of
formation of three-dimensional structures (notmally 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



Sertoli cells) cultured for 5 weeks using HSA, against fig 9 (using 10%
porcine serum. There is sone cell activity in a co-culture with HSA but
islet formation is seen only within the porcine serum fl ask. Usi ng 1 islet
equi val ent ( every 10,000 Sertoli cells appears to timl.
In fig 10 ‘kg%?zé{?l 0o Wwth human serumresulted in no islet form qlgﬁ

wher eas iiswstd. @'ht hpmb %emor ailine lackeevidenceedigidvang eells.ar ge i sl ets. Furt her
exanpl es using porcine serumat 10% are shown in Figs 12 and 13. D aneter
of i sl et Lompare ﬁgiMSlﬁ(b@Hsrxﬂ:pH@EnhsﬁBﬁhomlorﬁichur&dfdr(s wWegkswitiwHSA) against &g Zes of

islets fr d|f rently, reated s all i i 0 r&i serum
Fig 14: ['<P%rm '135%&3@ it st %%% oiet B &%ntl I mbiigoe AR ERAF, 57 1T
= 150m vHilegthbGumas|setusi Sétlumodppea:tstm@)p@ﬁrﬁlbuntsoo m Fi g 17: Islets/Sertoli

cells cultured for 46 days and the size of this islet is 400 m DIZ
(di t hi Zor(E)npSJteEﬂgrﬁ crfg;eﬁsh sdiownitiral Bi §yedS; witmqmamdl {B6 abseng of Bleg cellanagamatier HSA

(I'slets/ dso I .20 are
t wo exanp %qu/l or Cmﬁn%mmg oY e rgf &? %Oh%@l&or ctz’l%legag%tr% u%ﬂglll—ier e at
| east 85%fo p:redel:img sfhglmaedSCpstwbd \ﬁatjaozﬁnologousmemm @sbenoﬁcml nig udlat eelsedbet i on.

One coul o e ) re appears to be a syner gl stic co-operation
bet ween t %t%%ségﬁgpeg Eﬂm%gégous serum (in this case, |10% porcine serurr) and

co-cul turd t ce th at eas S& this
Eoanpl o GoaRaRee § it Sl Serblsieubh kE3Rla, of Mor L 48! bafiilend iRy fhor N o
of wel | - deftolhestis)roolimee dori swexdks stingiHE Ay amnasﬁgsm(mmg iLefo pamme @érumheThere is

phot oni crgar é‘ﬁﬁmﬂ Th S@%ﬁﬂ%@&oﬁsfﬁ%ﬂl QlePFOrrﬂgt?o‘ﬁrﬂs Pefeeg ﬁg'ear l ?c[%"?glﬁﬁam ers

if one can'¢c an |sIe Lahgerhans an org

of about s6ff fsicrons is the upper limt of S|ze at |east for the protocols
tested to date, and this nmay be related to oxygenation of the cells at the
centre ostimdhslhladqhwal&ﬁx (WD) 08 @E@ZB,OOGDSEHoNZélB/aﬁﬁEh&Ro bEXIWPhindal On Ifig 201 | n

rel ease t ) ph t he
insulin tﬁ%s;tbo ?gf‘l%fa?esgﬁl SFBS%1 al? t%é lslﬁtho%%éimo e‘%t ur glhdlqcﬁgéﬂéﬁplect of
t he presesnm wfultSar Iatgeuslﬁelﬂusthercbxmnpl@ wringwotcinensetume air B¥pongownhin §ig212i s a
bar graph ow .t sy ponse encapsu- lated islets and the

ef fect of®™ E%%p}?ra %éﬂ?rj}f b@ ﬁ@ %86 Hifren serum dur i ng culture on the
response. the cells used in Flg 21 were cultured for 46 dqggis in medi um

suppl errerﬁlséd4vspt1ﬂ shewy, vapiis sizge of islets oy gilferpatly Haated puiyrss ll raiseswith 4 free
islets atpoﬁﬁ'ﬁé s%ﬁm’{‘alsxg‘ll@ islét' léb&ﬁgeﬂa.éq’ hﬁolation) 250 pm, Fig 15: Islets/Sertoli 1:100 =

150pm, Fig 16: Islets/Sertoli 1:10,000 == 500 pm. 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 I8 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,
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conpared to 114 uU 100 I EQ hr when islets were co-incubated with Sertoli
cells. Interestingly, 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 qnsulin release of 356.7 uU 100 | EQ hr gepR o 46.99
ulU 100 | EQ morg@%nre seeded islets not as a co-culture. Int ereg{zl ﬁlggltyy,
islet cEXAMPLI®O-Holture with Sertoli cells were able to produce sone
insulin even though there were |ot of apoptotic cells (see photo 18). These

resul ts qpRfih rrmeséa%séqstzsl ﬂestc @igb Sn R ng rp(g 24 he abgk 3grap§eﬂo| shfownﬁltal iBdntin The
sane islets were hen encap su ated in i nate_accord 1 ng to net OdS

descri bedESBWS@a?félfePdﬂ%ts afier ‘bﬁ dW&é’é"‘éﬁ’%ﬁ?Q)F@ eifect of the parsenceiof Sertglh&glisant
Proc 199 Gurid®erosdléit the Espofdel Bigl22 0k a vat &hﬁﬁlﬁiﬁh@ﬂ'ﬂ@iﬁblﬂ&%&p@hﬁé srepepant

m crocapsul es " (CM trans Iantatlon |n adu %ﬂand Cal aflore Basta &
Fal oni, DF#bElBsofife oifgst gftfha grgseaceof wscwefs sty dyfine gtture on th

m croenca@@bﬁsat ed human pancreatic islets in non i nmunosuppressed di abetic
recipients; prelimnary results”) and cultured with human or porcine serum

Ehe i nSF'%lﬂ(theleéeiﬁ@t%Ebdr %SFith’l ﬁéxg cuflleior 45 Edy@ ﬁanednffa aliprflenSdoitel vk 110% |
ncapsul at e slets uman vs Porcjine s era X insulin
rel ease FOFEE Sfﬁmblé?’se RgemalyingHin, feleasg dor @ lﬁlPtSfabfmf ﬁé“’éﬁg@pgﬁ( ]:QPNSEQ/ Brs) et s
msut Et alh Nedmphrbd upplmmwm(smqm YREFOBIER AverDcolidubidldd 1A derdi REtsetestingly,ur ed
W umpn seru

after. 36 days in culture insulin.rel e
oy canodr BAgH LB Wi Seppandn Saber Ao B O gtr i R gves
|| ncr egs edf—%&gécﬁéndlwéélkoﬂefdyﬁ%& SGSa:wtflthezPﬁﬁm&m aisgith tefdaet 6F fm‘ 1 hUpo f{EQﬁalxlser um
n oraer (0] e n C (0] sSeru S eC|eS on u |0na
nober o CRERERa T oLb bR Tk SR el Wl R 4o & cormhe, bR il
| s! Ielt s/ Seelsohicoeslhrs with SES?_EMIE wafe dblel{d. Iﬁ&ﬁmwscbxhe_: insHifn T;anltl;wgb e skt SF
St 0Si e I N C | . st ai ni..n | n I gs
76 and 200 RERE Gk s BPro Tof ThLRtequ D oS MR oo S iR R kel ' O

t hat nor ecell hmntion35% of the cells are DTZ positive cells. It should be not ed
that we did not seek an i munol ogical barrier conprised of Sertoli cells.
11 WO 03/1he%amie mww%n%wﬁzat%mﬁtaa@mg té heviody teaomitict Yoy Chlafidgeor

Cindor go 0pBt DRt AN el Bk SRR | BHE WAt 257 AE5TnyC PR fer m
cul ture ofigiraed/pyaprigeoiiRo tehetdne rmabtapailesotcmmafaﬂaﬂanmﬁbnl 8 ucanty pigitpaanidant .
FLow S ORbeY 38 B BE bR SR B LB 4P s A S e °
treat rrentmmroaadabsalaﬂed Bhifax opeheradtici isledi fnf aome ritamasaparpressad mﬂictii: ngspiedtt;er 50
days in Cu'htmulﬁa% results”) and cultured with human or porcine serum. The insulin release results are

shown in Fig 22. ”Static stimulation Fncapsulated 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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Treatment \ Resulting ploidy Diploid Tetraploid Aneuploid Islet cells with
2% HSA (no events) 0 0 O Islet cells (Liberase Hisolation) with 10%
porcine serum 93.6% 4. 91% 0.44% 1Islet cells ( Collagenase P isolation) with

10% por ci ne ‘%@H’lo 7?:;6% 5% 0.88% Islet/Sertoli cells with 2‘@%@%&09%%10%

00/0 Islet/ cells with 10% porci ne serum 88.2% 9. 8 5
(por ci ne EXANIPLE dheypRa! flow dyfietriSA dnS@0dncde Groorkd o Olis £6isGlat2de 9%
3.72% EXAMPLE 1 d This Exanple relates to another tissue co-cul%?lgjre met hod
for raisiAepaiiy damyedr calls may) wrdstepa Polepisln Apaligprnhtiepsformation cIRIe10f ' 48Y own
fibrobl agdns-tétn eRhat NG cdiR5HreXadP | tBe fdoRiid1 20 RhdimBlC s vBiyORSNOrtaltl DFIGH] ast s
appear to be at |east an equivalent to Sertoli_cells. in_ ter

syner gi stTtemetly §o Pesth §ssdeiCathegh disi ploidyrd R Sufwed eisnip Ft{%? %’Bg Sre

sui t abl e rdppdsente MRIIINASBhRAE Blldwaty diffétent tfeetddatsent ' s fi brobl asts (al | ocel | s)
are used as a feeder |ayer and ideally would grow over the surface of a

gl obul e afahjeS], FINA Cbhtent differeht SPYfinfent Sdtifpsidr 50 dRyAnulthace | ayer
capable of at |least partial immunoisolation so that the islet-fibroblast
structur —cam e put—Tnto—theresipirent——fFgr 7 sulTrprod Tom This

i sol ati on’ SABREY tirgl?‘?fﬂ 'mtgmalmg?fe~ti iplpigs o offgf"ﬁ 0 ot‘Ar!’fﬁ‘}BE‘)’l“g1 t. This
i dea can Ret eMiserigedit ISANRo beage| of any other recipient cells such as
endot hel ifal cells, chondrocytes etc. Bxperilmentg prolcedurgs. Pprcine

islets ig ted agcording,to exanple la werg put in corculture W th human
primary ﬁkﬁﬁén@fﬁ?ﬁ%%ﬂ@?ﬁ%ﬂsts as welll as with jother cell|types to
conpar e YPOFERT SFYPCT/ NZ02] 00197t hd extent of| proliferation and

bot h am)é nt and responsi veness of i nSBh r gl eat@l%The f B4 Bwi ng cell types

wer e usedisis callsl(eEsiigeh@&y aY isolation)
with 10% porcine serum
) 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 termé 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 1a were put in co-culture

with human primary (non-transformed) fibroblasts as well as with other cell types to compare

12



1. Human enbryoni c ki dney (HEK293) [ATCC CRL-1573] 2. HelLa line 3. Human

fi broblasts (HEF312) [ Auckland Hospital] 4. Porcine islet cells 5. Porcine

Sertoli cells Flasks with RPM 1640 nedi a supplenmented with either 2% HSA or
10% por ci ne wﬂgm—,ﬁ(pmvl Ni cotinam de, and 11.1 nmM gl ucose m,ﬁmhmai ned

for 40 days: 1. Contr, | sl ets/ human fibroblasts wth_ 2 % A (
serum al BigneHeat qf pio eé’t“é’? HGHeR0t i2H9YBY &%‘fé'equﬁ' eI;‘L‘ﬁ%/ s&:‘?“ﬂe‘%@?u mq.g

Control ifsllogirg/cSetyped WezﬁabddSaswﬁeherZIa%rof H S A . IsI ets/Sertoli with 10%
por ci ne m 4. nt r sl . Islets/HeLa with
100/ oporii %@’%PH&!@W& ﬁ%@ﬁ%ﬂ%t h 2%—| S.A 7. Islets/HEK293
1: 10. 000 2wiHeha §if20 por ci ne serum The rredl a was changed tw ce per week. After
40 days ih,n£o-cwture 2 ts was carried out.

Phot om ¢ ogf“%ﬁlsgbﬁéﬁaémté% 512)3@% al so taken at day 40 for static
sti mul at i4oRomirt lislgllcelisose ( SGS) and DTZ stai ning. As shown in Fig 23 the best
resul t frsog c}ﬂh%eﬁéﬁ ﬁ']?rdi sed SGS procedure was obtained fromthe

i sl et/fiBroBlast  co- cu ture, with about 1350 micro-units per 100 |IEQ hour,
and the ﬂmwmgmumemmpmauequm ll“fn HS ohB¥ighorcivdsequnex@mM e has
not i ncl i nltihal st f nunber of fibroblasts
froma ﬁe arﬁd lﬁmﬁ aﬁfvfeg?&% %ﬁl I ngadl;%evm as HEF312), the
validity 1of Comtml i;sm's/btﬂman ﬁbrowiasessw@ 2 5S4 chumensamen albumén) VARl ATIONS  Thi s
Exanpl e rfaylsﬁ%kﬁﬁnlaﬁlﬂ%trc%latsﬁvﬁﬂnslﬁ%%oﬁﬂe Mg met hods for raising and bringing

to functiona urity various cells and functional cell groups, other than
i slet cel? sConil isletsabastofisells fi@d2 floef HRénot ranspl antation. Note that the

concent r at i QR&/REPYE110% peRindRAgve been sinply set at 10% wi thout any
attenpt so far to ascertain_an optinmum anount. Neverthel ess this Exanple

covers siehCourdl BlatofieLajwid 2%HS.A-t covers other concentrations of

ni cot i nam dRiea&ANItla Fifto o B@mgggginfl ed 10 nM Further, the anount of glucose
in the culture nedia use Xet been the subj ect of experinment. 13 WO

03/ 027276 PETIRYEEtEHEE?3 o ALs

7. Islets/HEK293 1:10.000 with 10% porcine serum
The media was changed twice per week. Afier 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 _23 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 Example 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 ghicose in the culture media used has not yet been the subject of experiment.
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Apart from Sertoli cells, known to have an i mmunol ogically privileged
position, it may be possible to use as trophic and supportive cells other
types of cells including genetically nodified cells, and unnodified neural
support (ne cells, fibroblasts, adult stemcells,

chondr ocyt eg%g%ﬁ)é@%o, Exarrpl e | d supports the use of fi brob asts ‘Fhere may
be furt hépatdioaf iSeriglncalls, klg)wnninxham as immuBelogioilly I(IUﬂEgetﬂ esitiony pétsmey pecel | s

and fi br t Mats cally
accep tab?’te}is %tﬁal{sér)lgsgfrﬂﬁrcf od H?Pg | Vi dﬂ@% %g&ﬁﬂ #ﬁ@ﬂggre cef{FhO%fllaaj

pr eser vedelisn anh smsdifiedt mur%e@EPOﬂrKn@lfqﬁh@ht%ﬂsncﬂbméﬂstﬁn it gisen selit 2pthe onset
of clinicgl d‘f’dc?ilé tes, or individuals having a known susceptibility to a

di sease. It may aI so include honograft techniques wherein human cells (that

s, Sert %aeeﬁgﬂca}@iee&d Sl Mo DLCGURRGNA TREROhY B RuliR) Wb 1aShEC! . |

needed in sence uman serum an resu Islet cell groups

may be ewistiss of Senwdi (anetherdyngs Al gelisqnd fibroblass togetherl with) mmﬁlpeqﬁﬂly t he

Sertoli cells may be froma different individual because it is unlikely

t hat Ser flbkiay detdrse \Mhidaﬂbecdepte‘tblmdednadiltaihi fort dme indiysivels aofanki of] gpare gbliss t hat

are encansulaled A erhlel HeRsRk Wkie RNERQ B SENER Aol b NANTACES
ani nal \akahi r xenotransp antation (as conpared to

harvestl Mg individeads ha‘om anﬁlOWﬂeS@wh’ethp@n%rd@a@es}t may jalspt inclede hpmogaBcedur e

of encapsyhat, e% wiRh&h hﬁﬁlﬁi?%élﬁt(ﬂh% @éﬁewﬂ&mtcaﬂs'o‘?\%e@eg&rﬂhe%ﬂta@kmse&

i nfectious pathogens such as potenti al zoonoti c viruses, even retrovi-

ruses. Tﬁ@gcﬁmefmqe@w i 86 psense @é bumen Sf{flﬁé angh st rqndtineasleffeell €roups BaY &8 i ons

based on chBpMiifidd MM GBRRRE b a@%mdlaauanm@iaaamamevseﬁoﬁ e %m?l BARbmOk
synt hetic rranuf acture. The advantage being that any &ayco ation or, the

li ke of HfErynepdivitiiabbecpseites walikly gt Seroli eellp vl begeludryl Wikin fermessssd cel | s

t hensel vegat caﬁqhgtgge&%ﬁ@@m@agﬁﬂgmﬁmo organi sns may be excluded from
the products, This |nvent|on provi des a supply of islet cell groups

suitabl e d Wﬁ F@T‘SQB’ABW A@pas  and then for use in
xenot ranspl ants; the advantage o I's 1nvention being that the cell groups

are larg i

Former | 5 BSupsF el Kot KR an g S Sl ppfauhi Bt |

i nvent i orajere @aigwt D@e@a@ﬂ)oﬁa@rtattﬂ tha raceduee] of mcmsiﬂnte@ ksles p{@pmﬁl@s amhtvould

spect 11 Cafibpeket Dol dMhitfhud arhdiEaPieh o8 Bl OBbIBRE Wi lESGEA Bafbyi.ner el n
for illustrative purposes, Those of skill w |l appreciate t hat vari ous

nodi fi cat®hs, additions, and substitutions are possi bl e w t hout departing

fromthe scope and spirit of the invention as set forth in the follow ng
cl ai ns, IThedbownti@m: also provides for the manufacture of cell secretions based on in vitro prepara-

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

themselveg, 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 maodifications,
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-term i.e. 4 to 6 weeks or nore, in vitro
assenbly, propagation and maturation of a functional artificial tissue
conprised of nore than one kind of cell taken fromat |east one species of
manmal , characterised in that a selected first type of cell capable of

bei ng stl mul ated to secrete a product is co-cultured over an extended period
t oget heFLMMA: at | east one sel ected second type of cell capable of

provi ding a support/trophic function for the first type, in a growh nmedium

suppl empnt ed, W .43 & h&ﬁ%toht’ﬁng@hinie th? @%Eé*cso&%&e Sk, HFB &Eé?ﬂﬂ]} gs?opaéa%gﬁ' es

of mammal that provi de

functi onal , @Vn‘éﬁ‘mra@‘?ﬂs?fi % fupetinpakagh ‘1"1]1 tsghe @&Prlsqdﬁégorarﬂ@ndméqﬂ@p%e%mnt he
ext ended per frad at Bast Snespedieschf amnmhad] derdeterised i thitai sededred Hrst typk ofggll@apable of
functi onal etugeftlﬁfuﬁakedtn'f) §e%}é?e] &ﬁ;@%ﬁ%% JoSGed fer &%?Een&{?fpe%& {obbtfidrithla} Hée o

includes a fir cgw second type ol n éy ca&g
possessi ng aCFuREEFbIFsId RS el caprblp el nigyiding %EHPPEI‘FJEBP}P?\ Betign S the

suppl enent edinvd plowtlamedififnesupplemeraeb with amfeﬁb@walaﬁgommfmmmgomomlhmfromhﬁe
artificial tigg ofrﬁﬁ{mpﬁl %@Eﬁo‘%ﬁhea Qﬁeoﬁ%t t}lﬁaﬁ%lﬂ%l?% i SIEMl{éQAﬁlﬁé&t%haﬁ syner-

deficiency of t eV| i Cienc
clainmed in c$%ﬁ°rﬁ“l’£’58 f“é"t?%eéﬁreiqfiv flo‘(eﬁéhefei’qegi‘edtpﬁé‘éd of cell is sel ected
fromthe group of endocrl ne secretory cells and the product is an endocrine

hormone; 4. A rH&EcﬂPEL a§m{éh ah 1B dlatdd 1ChRIAKR acﬁﬁétﬁﬁﬁlez[mﬁ&&l fisQuel élﬁliactteh&d%co“d
type of cell  is.se

(VBr onl asts. et B frsis Rad (i Bod el and'd sE5hd Bivk of SRRV Srpablerofc

ef fective anpassessing aHombibma guaperty en hgingseoicnltared am g egrofth fmalin sipplaineBéd wih
gﬁglrlgc 32;%) gg%ﬁ/ 9%‘&&% Ao &£ GbA¥bE ug%gﬂu%”g? glcé)lt &e@ﬁﬂ‘lﬁﬂ tﬁ&leglg?f Eﬁgnragtgh %dtahmnla
[ ] [ i Wi t hi
range of froch‘ﬁt?BtLﬁ“ﬁlgmfﬁot“g g%&lﬂﬁmﬁ%tﬁwmpﬁﬁy A° ﬁ’@?"l‘f’éﬂg‘ﬁge EAf¥red in claim1,
characterised in that at least the first type of cell is collected froma

neonat ak, manABhethdd as%ld’ﬁﬁé@ﬂ%lrﬁﬁ 1¢ b Rdr#BRisédin GhAR KB frst 19{9@618&11% kt@ekdiffont At  at
| east the second aI manmmal . 9. A

net hod as cl &°He ?fte\é Océ‘f'e feﬁ{eg)ry E%IS 5§?epﬁogucglslaﬁe{q¢?§fmﬁeﬁo 3R &€ ond type of cell

is a neonatal _Sertoll cell. 10. _A met hod as clainmed in claim1,
char act gri sed rméthddn@tcidi@bd il §1&nd 3,Ichiragéitbed QCAMChE YRROnDIype oF bl isaslectebdirbict ed

froma neona claimed in claim4 for making a
functi onal £§FOP$%QT%H§SG&OIIC Ezlinrdac?erl sed inthat 15 the first type of

cell is endocrine cells fromthe pancreatic islets of Langerhans and that a
rati o of. t heAfmétséd by pRinel iGalldimt R dhbQcts@e®nd thay fie Sfect®) hmbumt @P thombBeshs

serum is in a range of from about 5% to about 15% by volume in the growth medium,

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 1, characterised in that at least the second type of cell is
collected from a neonatal mammal.

9. A method as claimed in claim 8, characterised in that the second type of cell is a neonatal
Sertoli cell.

10, A method as claimed in claim 1, characterised in that both the first and second type of cells
are collected from a neonatal mammal.

11. A method as claimed in claim 4 for making a functional artificial tissue characterised in that
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12. A method as clained in claim 11l for naking an artificial tissue
characterised in that the artificial tissue is grow as a co-culture in a
growt h nmedi a suppl enented with an effective anount of honol ogous serum

gl ucose, and nicotinam de, so that the resulti ng artificial tissue exhibits

a functional se ory .response t.o a concent r at cose t hat
the artificit @ﬁ fif f%’?ﬁé)fr?ﬁ@ ‘%Sn‘glﬁa‘tt 8% ﬂ§ I?aélﬁreﬁfceﬁ e% ?ﬁ@g?rﬁgsfaﬁlgrﬁg 4
di abet es i n ontoherf thedirstitypewif aglito thersecodd Q@agécelllﬂﬁphmlwét hod as clained in

claim 12 further characterised in that the second type of cell is taken
from an jndivjdual,in. nee nct i.ona

propagatltzon dghﬁletﬁﬁ‘t Hrelgumghin Ctl%‘&eltlﬁ%r m%m[gﬁnt E[ga faitl P%SPE fki?baé{%nfed Hé}ﬁ tfh%?mgmal
period is rettissuads gtoont dyer eii-eidiats i@ & goWPi wedia jsypplamentefl grith af effectivmemnuonh af

artificial tigsdRgoub4. seﬂtnﬁre'[ é’l@cﬂ)s@s fldai Aefinkiide] agdn 3¢ f et hegulaRAr aﬁrﬁeiral SEd
in that the functi na- tion

een
for from abodf® uﬁcfxgg%’a%oultc 1%‘8?86 fydory es&r osgxtt?'na Ocﬁpconwﬁr F%n of"?lu?bsg ng
functional arartificiat jtiague trays bee geBag inte @ degpierrosubietinga o rdiatiefen dn erdeeéq ﬁllqveateen
from at | eastihddi@asespeci es of manmal, characterised in that the functional
artificial tissue is conprised of at |east partially organised synergistic
accunul ations of cells conprised of a first type of cell, capable of being

stinul atléd t ot sethedre clgingdga glaim 1arf@rﬂt§t chagagisriseshia thas dbsescengiupeoef el taken
capable of P hdindgidiabiipied bf b faRbbe @uﬁ%uq&exf mrwftvdnpmtmgaﬁtn ht}dpzﬁatﬁtfatlﬁlﬁ| I,

the functionglegelLihChale bl 5308 JHERDG, SOITRY D COTE WL HER b Thecthibd: On QHET

an extended p uncti Feial tiesue as armed in
clai m 15, chdpaeefarfincigngl grtifigial tisstre i r st type of cell is selected fromthe
range of endocrine secretory cells, and is capable of expressing effective

armount s qf atA rr%%‘tj a(s) r@%n%g& rrF E:fagt[f' 15 rﬁn‘?he& Qﬁar%t8%51 umaﬁt ity M&Qnﬁ]nceﬂs&ﬂﬁﬁhqt 1on

Wi th the secon nore secretions

i sol ated frorfops Pr%"et't?e‘t IRFARVIX @y 2 C‘Erg‘ét“mlﬁor fwﬂs é‘tﬂ“&@‘e(ﬂ“ AP o tdays rgrawth Fmedia
functional ardfitid gpal tissue as clainmed in claim16, characterised in that
the secretion is insulin. 18. A functional artificial tissue as clainmed in
claim 15, characterised_in that the functional artificial tissue is
preserved- i n A luctensl afifipiat tigseq pempsisedoel mergithapnens ki of selialsarfrom at lsashgae and

| at er use. 1Gpecies 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.

16. A functional artificial tissue as claimed in claim 15, characterised in that the first type of cell
is selected from the range of endocrine secretory 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.

17. A secreted product from a functional artificial tissue as claimed in claim 16, characterised in that
the secretion is insulin.

18. A functional artificial tissue as claimed in claim 15, 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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