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The possibility that animals could provide an alternative source of donor

15 organs and tissues has stimulated much debate, Xenotransplantation clearly has
the potential to alleviate the suffering and mortality associated with donor organ
shortages, yet certain safety concerns are associated with the procedure.
Concerns include infectious risk to the recipient of the xenotransplant, and to
those in contact with the recipient and thence the wider public.

20 The most serious concern is the possibility of transmission of infectious

( agents including microorganisms from the xenotransplant to the recipient, and
| the consequent potential for the emergence of a new human infection and
possibly disease. A major reason that pigs are considered the donor animal of
choice in preference to non-human primates is due to the reduced

25 microbiological burden that they carry. It should be noted that the risk of
transmission of microorganisms is not unique to xenotransplantation. Many cases
have been documented of transmission of organisms causing disease during
allotransplantation procedures.

Cross-species infection (zoonosis) is, however, of particular concern

30 when compared to transmission within a species because the behaviour of an

infectious organism in the xenotic host cannot be predicted by its pathogenicity




30 when conpared to transm ssion within a species because the behavi our of
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The amount ?‘Im}y i:ng lzjnsl 1Pr{p%§t§2£ pathogen in immunosuppressed xenograft recipients (3). It
15 has also been reported that PCV type 2 can be transmitted to human cells in vitro
(4).

However, the greatest risk of infection may come from those organisms
that have an ability to be transferred as an asymptomatic latent entity within the
organ. Such organisms include endogenous retroviruses (ERV), and

20 herpesviruses. Pig endogenous retroviruses (PERVs) have been a major source of
{ anxiety and represent possibly the most important safety concem for
xenotransplantation as it has been reported that two of the three families of
PERYV infect human cells in vitro (5).
Unlike other infectious organisms that a pig may carry, PERV viruses are
25 not transmitted between animals as an infectious agent but rather are inherited by
all animals as part of their germ-line DNA. Thus, these viruses form part of the
genome and are therefore present in every cell. The amount of virus present
varies between pig species, but it has been asserted that on average

approximately 50 copies of the virus are present in every cell and conventional

30 breeding techniques are not able to remove these viruses from pig populations




vari es between pig species, but it has been asserted that on average

approxi mately 50 copies of the virus are present in every cell and
conventional 30 breeding techniques are not able to renove these viruses
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of infectious organisns, and particularly PERV viruses, in pig cells is
thus a potential barrier to the future of xenotransplantation. It would
therefore be desirable to have a nethod for producing pig cells, tissue
and/ or or gagé). Thetpaédencé of iu&uMHsaorgmiams,aaﬂtgpartihalarlarIHEEngihfsbs;aint}:ﬁg{ 5
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produce progeny having a further reduced m croorgani smcontent, including
PERV copy nuhbeisk dltrangnigsionotol the xdémosabsplantr teicipientr It iss an tobidos dfathe

xenotranspl antatjon. 20 Accordingly, in.a . first aspe¢ct the present j.nvention
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I Cr oor gani §ﬁ§ %Qﬂﬁ% llgFg% copy nunber of between 0 and 30, said nethod
eP's (a?fuse ect

conprising t eps: ing male and fenmal e Auckl and |Island swi ne
having a favour aSiIBVIMARMOFETHENINVENTEON2S (b) mating rmal e and femal e

swi ne selected in step (a), (c) selecting progeny produced by step (b) that
have a favour abl elt has surprisingly been found that the Auckland Island herd of pigs have
a unique advantage over other breeds of pig with respect to endogenous
15 microorganisms. In particular, this herd contains a novel subgroup of animals
that have unusually low copy numbers of PERV. It is therefore contemplated that
selective breeding of these animals will produce progeny having a further
reduced microorganism content, including PERV copy number. Such pigs would
thus be particularly suitable for xenotransplantation.
20 Accordingly, in a first aspect the present invention provides a method of
{ breeding a herd of pigs that are fiee of infectious microorganisms and have a
PERV copy number of between 0 and 30, said method comprising the steps:
(a) selecting male and female Auckland Island swine having a
favourable microorganism profile,
25 (b) mating male and female swine selected in step (a),
(c) selecting progeny produced by step (b) that have a favourable
microorganism profile and a PERV copy number of between 0 and 30;
whereby the progeny selected in step (c) are suitable for use in
xenotransplantation.

30 The male and/or female swine of step (b) and/or the progeny of step (c)
may have a PERV copy number of preferably between 0 and 25; between 0 and




m croorgani smprofile and a PERV copy nunber of between 0 and 30; whereby
the progeny selected in step (c) are suitable for use in
xenot ranspl antati on. 30 The nale and/or fermal e swine of step (b) and/or the
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Male and female progeny selected in step (¢) may be mated in step (b) to

15 produce further progeny for use in xenotransplantation in order to maintain the
herd.

The method may optionally include additional screening for particular
blood groups to match either a potential xenotransplant recipient or to match the
antigen profile of serum used in in vitro culture to reduce tissue rejection and/or

20 cell damage by immune reactions.
! Preferably, the swine selected in step (a) and more preferably the
progeny selected in step {(c) are of blood group O.

Preferably, the swine selected in step (a) and more preferably the
progeny selected in step (c) are lacking PERV-C.

25 More preferably, the swine selected in step (a) and more preferably still
the progeny selected in step (c) are of blood group O and lacking PERV-C.

The method may optionally include additional screening for
immunogenic antigens present in cell surfaces, such as MHC Class I antigen,
again to reduce organ, tissue or cell rejection or damage in vivo or in vitro.

30 The invention further provides one or more pigs produced by a method

of the invention.




25 More preferably, the swine selected in step (a) and nore preferably stil
the progeny selected in step (c) are of blood group O and | acki ng PERV-C.
The nmethod may optionally include additional screening for immunogenic

anti gens Ry§Sfhidesy cell surfaces, such as MHC O ass | mywessioceEgai n to
reduce organ, tissue or cell rejection or danage in vivo or in vitro. 30 The

I nvention further provides one or nore.gi.gs produced by a nethod of the
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(a), (c) seiteps:i ng progeny produced by step (b) that have a favourable
m croorgani smprofile and a PERV copy nunber of between O and_ 10 30. In a

third aspéct, thelaprsglestingi madet path ¢ déaickigad o dslagg eswings baving o

i nfectious m'croorggni sns, and. havi ng a PERY copy nunber of between 0 and 30
and of blood group O%AHPRIE MICLRITEATBARIOB!E, \her ein said one or more pigs
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i nventi on provi des ofgans, tissues or cells isolated fromone or nore pigs
Qroduced By t he nethod of the invention, said

In a third aspect, the present invention provides one or more pigs free of
infectious microorganisms and having a PERV copy number of between 0 and 30
and of blood group O and/or lacking PERV-C, wherein said one or more pigs are
produced by a method comprising the steps:
15 (a) selecting male and female Auckland Island swine having a
favourable microorganism profile,
(b) mating male and female swine selected in step (a),
(c} selecting progeny produced by step (b) that have a favourable
microorganism profile and a PERV copy number of between 0 and
20 30. |
i In another aspect, the present invention provides organs, tissues or cells
isolated from one or more pigs produced by the method of the invention, said
organs, tissues or cells being free of infectious microorganisms and having a
PERV copy number of between 0 and 30, and are particularly suitable for
25 transplantation into a xenogeneic subject, including a human subject.
Preferably, the one or more organs, tissues and cells are isolated from
one or more pigs, wherein said one or more pigs are neonatal pigs of from 7 to 21
days old.
The organs, tissues and cells may be selected or isolated from the group
30 consisting of liver, lung, heart, brain, pancreas, muscle, blood, bone, testes and

ovary.



organs, tissues or cells being free of infectious m croorgani sns and having
a PERV copy nunber of between 0 and 30, and are particularly suitable for
25 transplantation into a xenogenei ¢ subject, including a hunan subject.

Pr ef er abl ywotb®/ 1984 Or nore organs, tissues and cells aperNsogbodehsaf rom one
or nore pigs, wherein said one or nore pigs are neonatal pigs of from?7 to

21 days old. The organs, tissues and cgfls may be selected or isolated from
the group 30 consisting of liver, lung, heart, brain, pancreas, nuscle,
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carrier. The co?rrp05|t|on nay nprise

fibrobl asts ;gascl&eslisol i cel I s isol ated from t he p| gs produced by the nethod
of the invention. The invention further provides the use of at |east one
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Sertoli cells isolated from the pigs produced by the method of the invention.
The invention further provides the use of at least one isolated organ,
15 tissue or cell isolated from one or more pigs produced by the method of the
invention, said organ, tissue or cell being free of infectious microorganisms, and
having a PERV copy number between 0 and 30, in the preparation of an
implantable composition or device for treating a patient suffering from or
predisposed to a disease, disorder or condition associated with a deficiency in or
20 absence of organ function.
( Preferably the at least one isolated organ, tissue or cell is isolated from a
neonatal pig of from 7 to 21 days old.
According to a further aspect of the invention, there is provided a method
of treating a patient suffering from or predisposed to a disease, disorder or
25 condition associated with a deficiency in or absence of organ tissue or cell
function, comprising the implantation in a patient in need thereof of an organ,
tissue or cell isolated from one or more pigs produced by a method of the
invention
According to a further aspect of the invention there is provided a method
30 of treating a patient suffering from or predisposed to a disease, disorder or

condition associated with a deficiency in or absence of organ function




Preferably the at | east one isolated organ, tissue or cell is isolated from
a neonatal pig of from7 to 21 days old. According to a further aspect of
the invention, there is provided a nmethod of treating a patient suffering
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a deficiency in or absence of organ tissue or cell function, conprising the
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which have known equivalents in the art to which this invention relates, such
15 known equivalents are deemed to be incorporated herein as if individually set
forth.
BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 depicts diagrammatically a method for virus identification within
a pig population and thus a means for the selection of suitable female and male
20 pigs for breeding and maintaining a herd of pigs according to the present
invention.
DETAILED DESCRIPTION OF THE INVENTION
The present invention is directed to the selection of a pig donor herd
which are free of infectious microorganisms and, in particular, have a PERV
25 copy number of between 0 and 30 (and preferably between 0 and 5). Such pigs
would be an especially suitable source of organs, tissues and cells for
xenotransplantation,
There have been previous attempts to provide swine suitable for
Xenotransplantation. For example, US 6,867,347 (6) discloses a herd of inbred
30 swine reportedly defective for transmission of porcine endogenous retrovirus

(PERV). However, the average PERV copy number amongst this herd is high,




a pig population and thus a neans for the selection of suitable fenmale and
mal e 20 pigs for breeding and maintaining a herd of pigs according to the
present invention. DETAILED DESCRI PTI ON OF THE | NVENTI ON The present
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have a sufr.prising | ow nAu r_of. copi.es of the ubi.quitous i ruys,
por ci ne ngogenpugxﬁpg_tSmY’nE@ ?Hpéﬁ%"% hlzw!esn%\yr T l?qect)}ﬂbaaar gfeg{ Z%Xlap ee of
the common phited @R PP Nivel® SorprRflg¥IAG ialér dflddbies e ubldattonsd PCV.
15 This strain has been resident on the renote Auckl and |slands, a sub-
Ant arcti ¢ i sktaordrup porciso entioggnoNe weFevilhen (BERY).ndlts fstratn vElpig axohlaved f or
about free of the common pig infectious viruses including PCMV, PLHY, EMCV,

HEV and PCV.

15 This strain has been resident on the remote Auckland Islands, a sub-

Antarctic island group south of New Zealand, being effectively isolated for about
200 years, and are referred to hetein as Al pigs.

Endogenous retroviruses (ERVs) have been reported as being a

constituent of the normal DNA of every vertebrate species tested including pigs

20 and humans. The normal retrovirus lifecycle includes the stable integration of

( retroviral genetic material into the host cell chromosomal DNA. Where the host

cell is a germ-line cell, the viral nucleic acid material (or provirus) will

subsequently be inherited by all offspring in a manner typical of any other

Mendelian gene. It has been proposed that if the presence of a particular provirus

25 in the DNA of a germ-line cell places the offspring at a selective disadvantage it

would not be expected to survive over evolutionary time periods and this ERV is

not expected in the ongoing gene pool. The ERV present in the germ-line of

animals today tend not to be pathogenic for their own species. Individual ERV

foci also tend to be replication defective due to mutations present in their

30 genome. However, it has further been proposed that the potential exists for

individual defective loci to interact by complementation and recombination to




200 years, and are referred to herein as Al pigs. Endogenous retroviruses
(ERVs) have been reported as being a constituent of the normal DNA of every
vertebrate species tested including pigs 20 and humans. The nor mal
retrovirusybizbaymke£ i ncl udes the stable integration ofparNZRE/aI74geneti C
material into the host cell chronosomal DNA. Were the host cell is a
germline cell, the viral nucleic acid mpterial (or provirus) wll
subsequently be inherited by all offspring in a manner typical of any other
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provirus 25 in the DNA of a germline cell pl.aces the offgpring at a
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evol uti onar s ré&% and this ERV is not expected in the ongoing gene
n

pool . The E p]resen “H Y he germline of animals today tend not to be

pat hogeni c for thgi Kasodensixeeit&sthat At poreine!ceHRMncluliing dase isslardtieohe
replication defective due to nmutations present in their 30 genone. However,

it has furd the NdBemippigp d3wdtanh arultiple land breedsiandthe agimals cuirankly beiog|
defective loci ,to j.nteract by.c | egent ati,on dr nbi ' to WO
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been assert agcédmiBi callé fiveh Giafious Pig Hredds HavditRen tdigseed F6r dHecgrebém@ ofS t he
NI H minipig, Yucatan, nultiple |and breeds, and the animals currently being

used in cli rintestions PERY paiticlestand ssiversl davs been identidied twidck diol natiappeasT- | ONA,
t d PERV., f infecti d li cat i i | |
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t'he presence,dfw. i Nfectious PERV particles and several have been identified

whi ch do not appear 10 to contain infectious PERV particles, see for

exanpl e, those sh@able IaPfesehee of inficdtions PERI & Varidtisqdgbesedef i nfecti ous PERV
in various pig-breeds.Rig.Breed Ceolls lnfeoctious PERV __Landrace endot heli al

cells + Pig Breed Cells Infectious PERV

Landrace endothelial cells +
Landrace islets +
Large islets +
White/Landrace

Miniature swine PBMC +
Large White Islets -
Yorkshire PBMC -

fetal neuronal cells -
Miniature swine D/D | PBMC -
Cambrough PBMC,  Sertoli, -

islets

PBMC = peripheral blood mononuclear cells

15 It has further been asserted that while the use of a specific-pathogen-free
(SPF) breeding progtam would eliminate most pathogens that might be
transmitted during xenotransplantation, pathogens such as PERV that are

transmitted through the germ-line would not be eliminated, so that one of the




Landrace islets + Large islets + Wite/lLandrace M niature sw ne PBMC +
Large Wiite Islets - Yorkshire PBMC fetal neuronal cells - Mniature sw ne
DD PBMC - Canbrough PBMC, Sertoli, - | islets PBMC = peripheral bl ood
nononuc| eaywocmbd/aois? |t has further been asserted that woring2dokectosie of a
speci fi c-pathogen-free (SPF) breeding programwould elim nate nost

pat hogens that mght be transmtted durnigng xenotranspl antati on pat hogens
such as PERV that are transmtted through, the germline uId t be

el i mi nat ed pseTiigh fiskn &8 thenuscved PIBCHENDISHS HEnSSsiRTh b SediyRathogess
potenti al @55 fromthe use of pig organs is the transm ssion of such

pat hogens O principal inportance, the applicants have now determ ned
that the Al pi gs (856{diRA dmPerahde Waﬁylfcaﬁmﬁmldm HeeraRRY thatthe g of
por ci ne endogenous 5 retrovirus (PERV), |ower than any previous reports.
Fur t her nor e, pigx deﬂcnbed]heredes'dnbh&munmibﬂ lowstopy mumisers dE porsinef endogemousduct i on
of infectious PERV articles, not has PERV transm SSI on in vitrqQ using
co-cul tur e% @Frovmgﬁﬁgyooww than \ag Yt reYIONS ttPROD | INthermors | aRedmeats),

oresent | nvobriied Befhcdiat A Pith®s of Pt Sulfhcton: RE SRR RYLT on

provides a ’Sﬁ'fiﬂgs Hor Has PETkV‘ﬂ’aﬁsrﬁﬁh@nQﬁ vRi‘tQﬁsxh 2b-Altards' Grasmigdidifin 0us

M croor gani and have a RV copy number of between 0 and 30, said nethod
conpri sing tvigodd eqanotrﬁmpla‘ntlrempleng; eeineotmery ekl whien wu@(beﬂnjfrbm Abgigwi ne

having a favoura Ie m cr oor,gapismprofjle,
selected by the methods of the present 1nvention,

10 Accordingly, in a first aspect the present invention provides a method of
breeding a herd of pigs that are free of infectious microorganisms and have a
PERY copy number of between 0 and 30, said method comprising the steps:

(a) selecting male and female Auckland Island swine having a
favourable microorganism profile,

15 (b) mating male and feinale swine selected in step (a),

{c) selecting progeny produced by step (b) that have a favourable
microorganism profile and a PERV copy number of between 0 and
30,

whereby the progeny selected in step (c) are suitable for use in

20 xenotransplantation,

Three different classes of PERYV exist: PERV-A, PERV-B, and PERV-C,
These classes refer to differences in the envelope region of PERV. The viral
envelope is the major determinant of host range and is essential for infection,
The two main types of pig retrovirus, PERV-A and PERV-B, are widely

25 distributed in different pig breeds (8). PERV-A and PERV-B viruses have wider
host ranges, including several human cell lines, than PERV-C viruses, which
infected only two pig cell lines (9). Recently it has been shown that PERV-A and
PERV-C can recombine and form a variant with new infectious characteristics
(10).

30 It would be desirable for a donor pig to be lacking PERV-C so as to

prevent any possible recombination with existent PERV-A. Preferably, the



15 (b) mating male and fermal e swine selected in step (a), (c) selecting
progeny produced by step (b) that have a favourable mcroorganismprofile
and a PERV copy nunber of between 0 and 30; whereby the progeny selected in
step (c) ay@qiiioadd € for use in 20 xenotranspl ant at i g/NZBesR00674 T er ent

cl asses of PERV exist: PERV-A, PERV-B, and PERV-C. These classes refer to
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different pig breeds (8 PERV- A and PERV- es .have wi der host ranges,
i ncl udi ng s@heiospelgeling, QE@FIPW%W@*‘HH&F\“&M&‘@WPU% whi ch i nf ect ed

om0 219 oe! bl Bk B Btk AREoHEGITHONY BAZRRA 7Y, .
(10). 30 It ghew b? REhEBSWERKNBWIOI the ARTAA]L lﬂiSEaﬂCﬁElﬁ?t toAglkdinezd figkess of0 as to

prevent any possible reconbination with existent PERV-A. Preferably, the WO
2006/ 110054 peehtiall pamesat0 Gikh mﬁ:ﬁmlelmdUdorbap‘n@rcManwl and msxilatétm, ineedi ng

pigs that |ack, the PERV: ria and/ or sel ecti donor progeny that |ack
the PERV- C \Agflitign to anf@mgmiévrawﬁns rtaghiguesyy t"rsoﬁgﬁﬁ‘io&‘?‘ﬁﬁr S(ag Inand are
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husbandry ariﬂlci'&%ﬁhsxﬁfﬁed dtattd &f tth@ﬂeﬂiﬂn&l&ﬂ&d AlghFR IndHiRRRIg S the hBR fores such
as hysterotony derivation in suitable containnment units. Preferably, the

mai nt enance infectibes mitworganisms. rﬂ&ethuﬁsg@ndst%methst presencef ot hbsenee @f
i ncl udes reg u{, f noni,t ori ng. of the d for .infectious croor il(?l S

Vet hods t ¥ deteshavh@ieaeresRismsare ol kpaum e theraryqnd ipelude dmem gani sne
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deternine the predgiBedsor teabgeRaninef ﬂh@f afikéedds or absence of infectious

microorganisms can be used to determine the microorganism profile of an animal

so as to assess, for example, its suitability for inclusion in the breeding method of

15 the invention, or its use as a xenotransplant donor. The favourable

microorganism profile of step (a) and step (c) comprises no detectable levels of

hepesvirus, PLHV, PCMV, EMCV, PCV, HEV, Toxoplasma, eperythrozoon,

brucella, listeria, mycobacterium TB, leptospirillum, haemophilus suis, any virus

causing porcine respiratory reproductive syndrome, any virus causing rabies, any

20 virus causing pseudorabies, parvovirus, encephalomyocarditus virus, any virus

% causing swine vesicular disease, porcine polio virus (techen), any virus causing

hemagglutinating encephalomyocarditus, swine influenza type A, adenovirus,
transmissible gastroenteritis virus, and vesicular stomatitis virus.

An exemplary method for determining the suitability of a potential donor

25 herd for xenotransplantation is shown in Figure 1. This exemplary method

includes a determination of whether a pathogen is present in the source country,

and if so, in the source herd. If it is present in the source herd, it should be

determined if the pathogen is present in the donor group, and specifically, in the

organs, tissues or cells to be transplanted. It is also important to establish whether

30 the pathogen can be transmitted to a recipient cell, for example a human cell, and

$0 to a recipient, for example, a human.



m cr oorgani sns can be used to determine the mcroorganismprofile of an
animal so as to assess, for exanple, its suitability for inclusion in the
breedi ng nethod of 15 the invention, or its use as a xenotransplant donor.

The favoukabhee/iioesss00r gani smprofile of step (a) and SPEN/NZ2)6HHOP4 | Ses no
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eperyt hrozoon, brucella, listeria, nycgbacterium TB, |leptospirillum
haermophi | us suis,__any virus _ causing porcine respiratory reprodufgt i ve

syndrome, any vi rE&? efutiiengelecied emimalsy apd ip pasicudarstheg PRt oPaSRE, I
i Sease, " poPEIEEE, 3 ROMGIOR SEuicl M P xerihpit ttbriof 3y RiRRE RS B B, 011 10

encephal ony pegndbsgisnudbbd) olled %lﬁiﬂxzé‘lafckrb?nénslﬁfk%ib%’PERV, is bafePeiahiké bl e

gastroenteritis virus, and vesicular stomatitis virus. An exenplary nethod
for determ nsagf ddeors hatiafhighey PER VA copt mmbeds. donor 25 herd for
xenotranspl antation is shown in Figure 1. This exenplary nethod includes a
det er mi nadi on of ‘hhespelicantspbelivygeitheuipwishing tql?ﬁbﬁ@lfkéﬁraéﬁ thearss gt and
if so, in the squr erd,. If it i,s present i.n t sQur.c erd, . it..shoul d be
det ermined ¥ PHBE J0¢ Higeding smﬁtfhggeﬂf the, Y50 ‘aﬁngﬁf SF%'HBE ﬂh&ﬂsﬁé‘%ﬁ?cal ly,
in the org ef,'i?%ﬁ%eO%osﬁﬁﬂlé?obfbeﬁeantdr@m|f?diﬁ%‘deh kicdeSsidé PenéAROA L ant to
establish ether 30 the pathogen can be transmtted to a recipient cell,
for exanpl epeogenyeliavieg Ifurtherddecseastd REREcéqpyenumbén rThe apglicantsafitithean. WO
2006/ 110054 PCT/ NZ2006/ 000074, . -12 Use, of cﬁ;e selected _aninmalg, and jn
particul ar D8HeYS: dgaimwihowt wishing tocbs heund,Ry any dhenrysthal i swed) @ wayy it

xenot r anspl ti | Iyl . ed with
T ack o PaHe Bslite R BHEH R @loct MoaeBY 1ayIE 1 3BKieR SEIIRVARIRRE " gher
ERV copy nyegheme: S5 The applicants believe, without wi shing to be bound by
any theory, that by using the breeding nethod of the invention, for exanple
in an iterative Wharddmigs dessiibed hereproaridiicefreo ofeapthben df petotnt vitwsesn each

successi ve generation, proge havi ng further decr.eased PERY copy nunber.
The appl i caﬁ?l%oq‘%ﬁx Fdemig i“g }toaﬁa%?naﬁtt%app E‘Hﬁ‘%ﬂ"flgw%'bound by any
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15 (Herpesviridae family), and it is regarded as a ubiquitous virus with at least 98%
of all tested pigs in the United Kingdom reportedly infected (11). PCMV has
been isolated from the respiratory tract of pigs and may be associated with
atrophic rhinitis or inclusion body rhinitis, a common disease syndrome affecting
recently weaned pigs. Post-weaning sneezing and evidence of mild rhinitis is

20 purportedly very common in New Zealand pigs. The importance of human CMV
infection in allogeneic transplant recipients has raised concerns that pig
cytomegalovirus might behave similarly in xenotransplant recipients (12).

Importantly, the applicants have determined that the Al herd described
herein is free of PCMV. Therefore, transmission of PCMV from organs, tissues

25 or cells obtained from an Al herd donor to a xenotransplant recipient cannot
occur,

In another example, pig lymphotropic herpesvirus (PLHYV) infection has
been reported to be endemic, with virus present in commercial herds (13), PLHV
belongs to subfamily of gammaherpesviruses (Herpesviridae). The basic

30 properties of these herpesviruses, including infectivity for other species, are not

yet determined. Phylogenetically they are purportedly close to ovine and bovine



genone. The Al pigs described herein are also free of a nunber of porcine
viruses reportedly endem c or ubiquitous anongst pig popul ati ons worl dw de.
For exanple, pig cytonegal ovitus (PCW) is a betaherpesvirus 15

(Her pesvi ryy@pedatdshy) . and it is regarded as a ubi qui t gty 200s/6008dat h at

| east 98% of all tested pigs in the United Kingdomreportedly infected
(11). PCW has been isolated fromthe_grespiratory tract of pigs and may be
associated with atrophic rhinitis or inclusion body rhinitis, a conmnon

di sease sy ndyw?ihoﬁélﬁecmrpgsvimesmlﬁgh wanste dymphsprolferative alisease dmetheirng and
evidence of mld rhinitis is 20 purportedly very common in New Zeal and pi gs.
The i rrportarlmt&ﬁ”}lunan CW infection in allogeneic transplant recipients
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of PCIvlV fromorg tissues 25°or cells obtalned froman Al hérd donor
to a xenot$ asspésaoe ceBeioptaimid fannan Abherd dohor tnatiemotransphmiterecipient

| yt nphot ropi ¢ herpesvirus (PLHV) infection has been reported to be endemic,
with virus pra@geh@cch commercial herds (13). PLHV belongs to subfanily of

et pesvi fuses. 1 nclGHRICRPREe! MroF oD, ik BEHAEE Hor' V)RR

det er m ned. | : r t 0w bovi ne
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cause | ynphoBMIV fage atcognistid swaseui,naridpigr EMIO¥t can( fifet human tmeyrochsdialt he

applicants have determ ned that the Al herd described erein i s negative
FBr PLEV. TGN Bbse ¢ has besnranarisd toat MY s umicot banew Zeatinddls or cel s

obt ai ned from an h : 0 0 r ] t.occur.
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cells obtained from an AI herd donor to a xenotransplant recipient cannot occur.

Hepatitis E virus (HEV) was recently removed from the family
15 Caliciviridae and is currently unclassified. There is growing evidence that pig
HEV may be zoonotic. Therefore, this virus must be excluded before tissue is
used for xenotransplantation.
The applicants have determined that the Al herd described herein is free
of HEV. Therefore, transmission of HEV from organs, tissues or cells obtained
20 from an Al herd donor to a xenotransplant recipient cannot occur.

( Pig circovirus (PCV) belongs to the Circiviridae family. Porcine
circovirus was first discovered in 1974 as a contaminant of the continuous
porcine kidney cell line, PK15 (17), and subsequent serological studies in pig
sera from Germany, Canada, New Zealand, Great Britain, Northern Ireland and

25 the USA have reported 25% to 98% positivity for PCV1 antibodies in fattening
and adult pigs (18). It has been suggested that PCV infection is ubiquitous
throughout the world. No associated disease has been identified. There ate,
bowever, several contradictory reports on the zoonotic properties of pig
circovirus. Antibodies reacting with PCV type 1 have been reported in human,

30 mice and cattle (18). About 20% of healthy adults and 30% of hospitalised

patients in Germany, and 24% of hospitalised patients in Canada were reported




EMCV are recognised to occur, and pig EMCV can infect human nyocardial 10
cells (15). It has been reported that EMCV is present in New Zeal and (16).
The applicants have determ ned that the Al herd described herein is

negative fﬁ;()% gosaherefore, transm ssion of EMCV fronpgfsaifsodemsues or
cell s obtaine roman Al herd donor to a xenotransplant recipient cannot

occur. Hepatitis E virus (HEV) was recenfly removed fromthe famly 15
Caliciviridae and is currently unclassified. There is grow ng evi dence t hat
pig HEY nmaysebepasitprotol BCVIlike aftigen. Hiwever] neithemyitusheorewicdl ygbadniechiasr e
tissue is wused for xenotransplantation. The applicants have determ ned that
the Al herd brencdatessed Heppy Ang ian spegiespther than pigs, B has brea propesd of HEV

from organs, ,t| $su r l1s O | . f nar

xenot r anspl attl??{ ?@c?éf\@n?ﬁ&;ﬂﬁo{é&%@@@? ?O‘ﬁf"g"l: F‘ﬁ‘?&@??@? %ﬁé@oﬁég bf%o t he
Greiviri daem\t(rg \doYfic.Porcine circovirus was first discovered in 1974 as a
contam nant of t'he continuous porcine kidney cell line, P1(15 (17), and
subsequent 5ser ol ogh metv sitainliof porcingcigcovdrisandmedrpGeimaciycovirusagipe 2N\bas

Zeal and, Great Britain, Northern Ireland and 25 the USA haye repqrted 25%to
98% posi t i vi beens Hunddy pigswithasbicaning sytisysiegpnic Wlaaéwgrprrgesaﬁ\ﬂ S) I't has
been suggest t CV . i.nfecti i bEkqyito t L L Jd. No
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cattl e (18).bddmwutsceiitediwitkeahybyarditisl i stibihoB0 Ppigletsh Q). t Ml iss elear pthai ent s

in Germany, and 24% of hospitalised patients in_ Canada e _reported WO
006/ 110032 pdditinpal oedion aoe 4equited t-plgpdy ithe pathogenesis p ﬁ’&\é@r@w@wed

Covever el Bhel Wy 6 SHIREE (IEBCPE i S Beh BTy TR
reactivity f@indahd BATRAS ndikd iat ter exgReighahtal"Rxtile (22PN efiding ha® A new
strain of porcine circovirus, naned porcine circovirus type 2, has been
found in pi gpaictitar pupoxtancei foyxenditansylaniation and essosipted/indection risknng)
The applicants have determined that the Al herd described herein is free
15 of PCV1 and PCV2, Therefore, transmission of PCV1 or PCV2 from organs,
tissues or cells obtained from an Al herd donor to a xenotransplant recipient
cannot occur.
The applicants have also determined that the Al herd described herein is
free from the infectious vesicular diseases that affect pigs (foot and mouth
20 disease, vesicular stomatitis, vesicular exanthema and swine vesicular disease),

( rabies, Brucella suis, swine fever, pseudorabies and spongiform
encephalopathies, in addition to about 45 different pathogens many of which are
common problems in veterinary practice. It is therefore apparent that the Al herd
described herein has characteristics capable of rendering individual animals

25 selected therefrom particularly suitable for use as a donor source herd for
xenotransplantation.

Methods to determine or observe PERV copy number include various

genoimic screening methods and other methods known in the att to be suitable to

determine or observe the number of copies of a particular nucleic acid sequence

30 in the genome of an organism. Examples of such methods are presented herein in

the examples.



(19). PMAS nost frequently affects 5-12-week-old piglets and is
characterised by progressive weight |oss, jaundice and respiratory signs.
PCV2 has recently been associated with nyocarditis in stillborn piglets

(20). 1t i wceciegiiobdaat 10 additional studies are requiredringzekedoofy the
pat hogenesi s of PCV2-associ ated diseases in pigs. It has been reported that
PCV2 can infect human cells in vitro (2%, and BALB/c mce in the
experinmental setting (22). This finding has a particular inportance for
xenot r anspl ant at i dheapesent Sovendtondfiirtifee qroddes bregans,Ttissuappiri aeliatisolatede

det erm ned tt¥at the Al herd desc‘{y:cb‘g%vh rein ia free, 15 of PCVI and PCV2.
Theref ore, tHRsPAS ST HPIGIPIETHIOBCCROYIhE 17 (ﬁat{] e inyentine Sakh O12aNS,s
obtained fr . g eI =Tals occur.
The- appl | catispgedFUBREREE of ufortRHRhicRBariihy HREHRLGR PERY R FC
free from t hjuphdrefiiebween/ @ ahé B0aEndlaerasRtulddipsuitdbiefdr tRingplahfetionh igad mout h
20 di sease, vesicular stomatitis, vesicular exanthema and sw ne vesi cul ar

di sease), ¥ abkexgedeiccubjeat, Badledingw mundresubject.pseudor abi es and spongi f orm
encephal opathies, _.in addition to about 45 differ at hogens many, of which

nt
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PERV copy nunber include various genonic screening nmethods and ot her
met hods knowiracteria, ayeoplasme, bndsviresds! §he gwine can rhenfree rfrahs forvexanmplenunber

f ' f ticuyl ' | d 30 inth f
ar gan: sm 16l el ibited B HRFLERRD o rbhla it AT e o
006/ 110054 fCFNE2ARG! 800K es o Backifa BihD Wbicl SRS ah i BEE iRAGH dos

organs, tiss or cells 1solated rom one or nore pigs produce y the

met hod of t higruceNgnliseria, IBychbacesnm TB, kpuepidiluracland bedmgplihge swik.
i nfectious m croorgani sns and having a PERV copy nunber of between 0 and
30, and are pdditionallysthy swing ean ke froe fiomispieastich pHrOONeLiE viruses, viruses

that can cross the placenta in pregnant sows, and neurotropic viruses. Zoonotic

15 viruses include, for example, a virus in the rabies virus group, a herpes-like virus
which causes pseudorabies, encephalomyocarditus virus, swine influenza Type

A, transmissible gastroenteritus virus, parainfluenza virus 3 and vesicular
stomatitis virus. Viruses that can cross the placenta include, for example, viruses
that cause porcine respiratory reproductive syndrome, a virus in the rabies virus

20 group, a herpes-like virus which causes pseudorabies, parvovirus, a virus that
( causes swine vesicular disease, techen (porcine polio virus), hemmaglutinating
encephalomyocarditus, cytomegalovirus, suipoxvirus, and swine influenza type

A. Neurotropic viruses include, for example, a virus in the rabies virus group, a
herpes-like virus which causes pseudorabies, parvovirus, encephalomyocarditus

25 wvirus, a virus which causes swine vesicular disease, porcine poliovirus (techen), a
virus which causes hemmaglutinating encephalomyocarditus, adenovirus,
pavainfluenza 3 virus. Specific examples of viruses from which the swine are free
include: a virus which causes (or results in) porcine respiratory reproductive
syndrome, a virus in the rabies virus group, a herpes-like virus which causes

30 pseudorabies, parvovirus, encephalomyocarditus virus, a virus which causes

swine vesicular disease, porcine poliovirus (techen), a virus which causes



5 a xenogenei ¢ subject, including a human subject. The said one or nore pigs
are free of infectious m croorgani sns including pathogens which affect
humans, and include, but are not |limted to, one or nore of pathogens from
the fol | owyhossfider i €S of pathogens: parasites, bactgei/Rz2009609isasma, and
viruses. The swne can be free from for exanple, 10 parasites such as

t oxopl asma and eperyt herozoon, or nycopligsma, such as M hyopneunoni a.
Exanpl es of bacteria fromwhich the swi ne can be free include brucella,
listeria, mhesimaglutinating encepbalomyocanditig mytemegaiodmm wvingsinBlwesza type

Addi tionally E@ﬁlswdne can .be %;ee from.viruses such as, oonotiﬁpviruses,

viruses thaf 0¥ IIYS,s transmiSikie FASTOPRICHIMS SHTHT, asHS WRIEH RSP PPY¥Ie.
Vi ruses. Zoovr]%lid?a&l'llsea\,’iflﬁc{lﬁ@s‘icﬁl&cét titi{}?ﬁ‘u@xa”pl e, avirus in the rabies
pes=TT

virus group, a her e virus I'ch causes pseudor abi es,

encephal onyocar di tlsnei dribodifiiehf) @hé Baitmeza mpeepigharé fiveufitas ifblleving
gastroenteritus virus, parainfluenza virus 3 and vesicular stomatitis
virus. Virbiserganiseus: cdepesasis, t hEoxipdassi, a epeythargoonor tuxest, e, listerigses

t hat cause porcine. respi tore/ r.epr od ctive? ndr.one, a virus,in the rabies
ViTus 20 gr GBSCOUACHERPRLE. [eRtogpirTium, haeOBLIAS s, Y UL FUSINEROGEY | us, a
: that . . . . . . ,
hermagl ut| natehpon MASAER Y niprt 70t CRART: HMGS B Afle Gl 2

swi ne i nfl uep@adbéiabies, Parebros! émpplalyingocrditneiruscany’ viruesausiig swinevi r us
in the rabies virus g[oup, a herpes-like_ virus which causes pseudor abi es,
parvovi rus, ¥esiayaral disgatear dparoine2spelia udirua iteohenhhi ey cildes eANsing

vesi cul ar . di sease orcine poliovirus {(techen), .a ViLus.whiich cause

gl e et adSeniobrids, e lbla e  us

peci fic exaa&%én%ﬁreé, & Po16 astrthtdrtisl s SHld eshiar stGifatifierigle: @ virus

whi ch causes (or results in) porcine respiratory reproductive syndrome, a
virus in the rabi €Bhevorgass,tissugs oncdlbyr ipelatedi fremvsaidisnavor miore pigemagbe

pseudor abi es, parvovirus, encephal omyocarditus virus, a_ virus, which causes
swi ne vesi cupblpingf Jeois embspenicbe.pHrtalp\nembeory (neonais)), and adylt pigsnintwostuses

cyt omegal ovi FUE WIRRE FOIFPEtED 1900 TR o R RERHG Al A '
gastroent g5i bian WilUBe ufilivéd Partiiaply £t 8%alkPsizRemakes it more amenable to

isolation, handling and implantation.

—

Neonatal tissues or cells will be generally be preferred for
xenotransplantation as their isolation is typically less problematic than their fetal
counterparts, whilst their survival following isolation, for example, in tissue

20 culture or following xenotransplantation, is commonly better than adult tissues or

( cells. For pigs, the neonatal period is generally held to be the first 7 to 21 days

| following birth. Neonatal organs similarly will be generally be preferred for
xenotransplantation to their fetal counterparts as their isolation is typically less
problematic.

25 Typically, embryonic porcine organs, tissues or cells are isolated during
selected stages of gestational development. For example, organs, tissues or cells
can be isolated from an embryonic pig at a stage of embryonic development
when the cells, tissue or organ can be recognized, or when the degree of growth
and/or differentiation of the cells, tissues or organs is suitable for the desired

30 application. For example, the organs, tissues or cells are isolated between about

day twenty to about day twenty-five of gestation and birth of the pig.



viral diarrhea, and vesicular stomatitis virus. In one enbodi nent, the said
one or nore pigs are free of the followwng 5 organisns: hepesvirus,

Toxopl asnma, eperythrozoon, brucella, listeria, nycobacterium TB,

| ept ospi ri gawsdia@iophi | us suis, any virus causi ng porg¢rRz2006508074at Ory
reproductive syndrome, any virus causing rabies, any virus causing
pseudor abi es, parvovirus, encephalonyoqqggitus Vi rus, any virus causing

swi ne vesicular disease, porcine polio“virus (techen), any virus causing 10
hemaggl uti nati ng Fhedgdlatednedls aofdhe Uavertionpeanvbe uwmintaiiedeasi o ffbnetionally ype A,
adenovirus, transm ssible _gastroenteritis virus,,and vesjcular stomatitis
virus. The orgklasell culiuige Examples) oidthe spsthedsdoy Wblﬁ%s%ﬁlh Qflﬁge HIVEREPR CBlgs may

be obtained fromengbryonic (Ji.e. , &t n e , ) ul t
s I n mode opfud abBiesetien cin. WE' B15287F B35 WOTRERL eiiowS
xenot r anspl ajyjgal apmAduio 1 gh. tags | S/ hyzas its
greater size ma leiggli? g?bs?’e arrengglggg?’;o V\ngfl g?ioénqd/?]@én I F(%g} aér;{iélll/élr NZ

i mpl ant at i Hre32W6BH5AL0$9/58 SKUeE &)y incotposated herdie iy ¢hneir ahtinetyoMpdiafweliickd f or

xenotranspl antation as their isolation is typically. less problenatic than
their fetal capobmtuseddetsuppart thet gromeh rofs peiginga pelo indyie, gramamptian ¢all f or

exanple, in tissue 20 culture or~fgllow ng xenotranspl antation, I1.S. comonly
bet tor { han SHIGRS eft S edsmipIgaplbecis WpiEAhENEE sRlhh, Bl plfinid
general |y heldedipy Bfedhgﬁ. The ﬁ'fcdﬁrﬁ e%.?ﬂ,e dét¥imn- 60 bLPW prefepadly BuppieaBatea!
organs simlarly wll be generally be preferred for ® xenottransplantation to
their fetal withahimgiaehsn asclt defetalicalflsatungrorimoieyyyefeadily, porsine sprunbl(ienat i c.

25 Typically, enbryonic porcine organs, tissues or cells are isolated during
el ect ed &0 agjeelogeiseswmii onal devel opnent. For exanple, organs, tissues or

S

dell's can be isol I eny |.C. D . hC.

devel opnent when \?lhgxghsgh%;a ?‘Jtaf‘%g@é’@ﬁ‘%ﬁ”@aﬁ“ﬁ&h‘%’?‘ﬁ%@B‘%ﬁf‘%‘xﬁk%en the
degree of grﬂ%htygeraﬁiﬂ%a%t:&wa bifSrniah thele fifivkion, Fbi &ngfle Oforéingans is
suitable for the desired 30 application. For exanple, the organs, tissues or
cel | s are i slivextcells oftthe inventiontare gagablevefitamoeng athen funtiipns,venolifertling of

estation and birth of the pig. 20Q6/ 11005 / 006/ 00007 -17
g secretirng plasma protgmg, such as zﬁgum%'n, ané tjzzi)c or %fl and expressﬁng fow

15 density lipoprotein receptors and thus, binding low density lipoproteins.
Preferably, isolated cells are capable of maintaining differentiated functions in
vitro and in vivo, and adhering to substrates, such as culture dishes.

Preferably, the said one or more pigs are of a blood group that does not
induce or minimizes complement mediated immediate humoral rejection on

20 transplantation into the recipient. Pigs have only two blood groups, A and O. The

( presence of blood group A antigen, coupled with the absence of antibodies to this
antigen, is indicative of blood group A. The absence of blood group A antigen,
coupled with the presence of antibodies to this antigen, is indicative of blood
group O. The Applicants have determined that the Al herd shows polymorphism

25 for blood group A and for carbohydrate-containing surface antigens. Preferably,
organs, tissues or cells used for xenotransplation are obtained from blood group
O donors.

The blood group O phenotype is inherited as 2 Mendelian recessive trait

in which the mating of:

30 o AAx AA swine results in 100% blood group A litter;




The isolated cells of the invention can be maintained as a functionally
viable cell culture. Exanples of the nethods by which cells of the invention
can be cultured are presented in WD 01/52871 (23); WD 02/32437 (24); WO

2004/ 113518 o 1009 03/ 027270 (26); WO 00/66188 (27) agnd,
532057/ 53%@?&%@3’1% (28), incorporated herein in their erﬁﬁzﬁ’%&%di a

whi ch can be used to support the grom@qggf porcine cells include mamali an
cell culture nedia, for exanple, Dul becco's mninmal essential nedium and

mnimal  essendi alA READWWindé ResuRdh UT092bloBa g@@!}#ﬁ*ﬁt‘i Ratablisty pfSes abl y
suppl emented wth aninmal serum such as fetal calf seru or nore

preferably, porcibaimgsheOhei¢roeygdés)aut ol ogous serunm). Wien isolated froma
donor swine, the cells of the invention retain their &h{gnotype and/ or are

capabl e of per? ol KPOOravine resulis inh00%bloaderepr & liger@A@s 1iver cells of
the i ti | e ,of, 19,.0t h f ti e )l i f '

segrla'? Yﬁg LFSS%%%’P‘&B@I?‘EG ) tég‘g Hﬁ%ﬁ{th#%B‘!OE’Q@E‘&%%PIglb%@]é%gkﬁ essi ng
| 15 d ity |i ' L ol A d it

| Chomrotains. | pETR /AR SREAROPIR AW biduarolh BHAG) O SO0 Y

di fferentiat edsf WRG4i ROSsWile rékults Gn BREr With \S0YPprobaBilRY BengWodPgupH I at es,
such as culture dishes. Preferably, the said ohe or nbre pigs are of a bl ood

group that does {AD)anddidéebbyodngroupir@Oxonpl enent nedi at ed i medi ate
hunoral rejection on 20 transplantation into the recipient. Pigs have only
two bl ood groups OQAXQ Dyvingmesults éis $0@% eodgiovy Qlisah A antigen, coupl ed

ith th b f i bodi to.thi ti I S Lndicati f,bl ood

oroup A The abechieeRPIY| Basgpaits Riesiiiaiiod, of HEGriERIST oMt once of
oup A The abseAt@eBPthl Bia gPotis AT _ ence

Pve det o OB R R HREE i O O O SRR S PRI el BB A

f or car bohydsefaee entigaisnthapds nof deincant ingiaimize Roafpdembktymediategamiectiph ssues
or cells used for xenotransplation are obtajned from bl ood glrsegup 0 donors.
The bl ood griBuiscipigienBey sxample, nther selegtivgsbrgeding gmethods r@lc Besiigventippi ¢ i n

which the mating ol o 28 Moteit B8 ‘ol b3 ‘T3 HOMRLLOSAY GiRihe! 1L er
group O, it is therefore necessary that both pigs to be mated are carriers of the O
15 allele. Preferably at least one and more preferably both of the pigs to be mated
are of blood group O (homozygous for the O allele). See Example 4 herein.
Methods to determine the blood group of mammals are well known in
the art, and representative methods suitable to determine the blood group of
swine are presented herein in the Examples.
20 The organs, tissues or cells obtained from the said one or more pigs can
i be encapsulated or otherwise isolated from the recipient’s immune system as
described herein to inhibit rejection of the tissues or cells upon transplantation
into a xenogeneic recipient. Immunosuppression, for example using
immunosuppressive drugs well known in the art such as those described in US
25 6,610,288 (29) (incorporated herein in its entirety) will typically be utilized in the
case of transplanted porcine organ(s). Prior to introduction into a subject, the
tissues or cells can be modified to inhibit immunological rejection, for example
as described in (29).




-18 AA x AOswine results in 100% bl ood group A litter (probability of 50%
bei ng AO heterozygotes); AA x 00 swine results in 100% bl ood group Alitter
(AO; AOX AOswine results in litter with 75% probability being bl ood
group A nd 50% AO and 25% bl ood group 0 ( : SW ne
results i gwlbl??'té‘g%%lﬁ&\?\nat h 50% probability being bl ood groﬁg}mﬁzz?%gﬁoﬁé\)d 50%

bl ood group 0 (00); 00 x 00 sw ne resul%g in 100% bl ood group O litter.
Preferably, the selective breeding method of the invention produces 10
progeny that haveAcbordasdy,! i e tiﬁvélmnPwide@yamurrh?mtaw | Gothpaditio®npri se
surface antigens that do not induce or mnimze conpl enent nediated

rej ection icompaising asrieast oReriselatedipig organe tiswlecatqellcofithe gaiesent invenders of t he

' ti f bl d f bl ood 0. T d
of bl ood - gRBERa Witk e PhaiiseuR6Re MOCREbRFHaL bot h pi gs. (o be mal od afe
carriers of the Opfg c%ld@g%@gn? g)‘r?féﬁ%ﬁf%’g?ﬁiﬁ% céﬁﬁé%nsgﬂﬁﬁﬁg AR ey 8@@16?]‘2'%

both of the pigs to be ood grou onbzygous for t

al l el e). SeeyiishTRtifitafeshintRdactiodVdr sl sellatFbecompesitiog hitoahe gibjest. of
manmal s are well known in the art, and representative nmethods suitable to

det er m ne t tachldebislenyr davicesfinclade hubesy &g p cathetarse forhiefusing pninjéntingcalipl es. 20
The organs, tisgues .or cells, obtained,fromthe said on [ nore pigs can be
encapsul at ecd? _rﬁWSﬁéPW g”@ bady a%@dr_ﬂpﬂ%?ﬁtt%%J%_cﬁlpP%Pmi’oamﬁeﬁEy as
desor i bed elitforhfly! MR né@hEChioms UrBE edRMP SyREN ! SlPB the

ranspl antation into a xenogenei ¢=ecCipi ent”. nosuppr essron, Tor exanple

using i MunggeivheeahVbe dint@duel | intoahe subjédieatara desieéd aAvchtigeeTdescri bed
in US 25 6,610,288 (29) (incorporated hereininits entirety) will typically
be util izt dompasiions a6 dheinventing shabe dusepied ditocsuch gadelivery devies, ap, a

ilntroduction into a subject, the , ti ue r cells can ,be nodi,fied to
o sies: Sah PHRGE g, iR JOEmS CEor e Bahe FelsEin boo
2006/ 110054 ﬁgédﬂ%&%ﬁ’ ORI %r entfedded in a support matrix when contained in such

a delivery device. As used herein, the term ‘“solution” includes a

pharmaceutically acceptable carrier or diluent in which the cells of the invention

15 remain viable. Pharmaceutically acceptable carriers and diluents include sterile
saline and aqueous buffer solutions. The use of such carriers and diluents is well
known in the art. The solution is preferably sterile and fluid to the extent that
easy syringability exists. Preferably, the solution is stable under the conditions of
manufacture and storage and preserved against the contaminating action of

20 microorganisms such as bacteria and fungi through the use of, for example,

( parabens, chlorobutanol, phenol, ascorbic acid, thimerosal, and the like.
Solutions of the invention can be prepared by incorporating porcine cells as
described herein in a pharmaceutically acceptable carrier or diluent and, as
required, other ingredients recited above, followed by filtered sterilization.

25 Compositions and devices of the invention comprising organs, tissues or
cells of the invention suitable for implantation facilitate the survival of the cells
upon implantation. In the case of xenotransplanted cells, this will conumonly be
achieved by protecting the cells from exposure to the recipient’s immune system.

In particular, the invention deals with the use of compositions and devices in:




Accordingly, the invention provides an inplantable conposition conprising
at |l east one isolated pig organ, tissue or cell of the present invention
together with a pharmaceutically acceptable carrier. The conpositions of the

i nvention tnserted into a delivery device 5 whi hdsd
‘3@8&5&1#&@? y fé‘gﬁ%h&rdab@y

hes
I nt roducti cells and/or conpositions into the subject. Such
delivery devices include tubes, e.g., capheters, for infusing or injecting
cells and fluids into the body of a recipient subject. In one enbodi nent,

the tubes additi anal |4ighawe-encapsedited forg: .— atosprovide, additiondlh imhivge t he
cells of the invention can be introduced into the subject at a desired

| ocati on. Theroletionnpafsi theontransplaniedi rrecineorcedlan ddei nwethoddldgyt ofasuch a

del i device, e.qg. ' , €e.q.,, ' Nodi ff f :
O el A S A A Bk b S o
support mat rix ien GONLALAGA LibapARioR HEVINELIGARY Shre ARdUARRBRS N
the term "solution" “Incl es a paI’I'TB.CGIPEIC& yacceptaﬁe carrier or

di | uent i nsWhegidds sy Eedbolrandfladths. i nvention 15 remain viable.
Pharmaceutically acceptable carriers and diluents include sterile saline

and aqueous buf f erm solSshcotweons dmplanboilediceshtbab ratlowr theadevelopmentt of ias wel |

known in the art. The solution is_ preferabl terile and flujd to the extent
that easy syﬁvﬁ‘ﬁ‘&‘éﬂ*&ﬂ]@ﬁ%@'g.COHPS‘FIEF%‘*SWP?{" ?‘Pfethseol’ PEIBERY QU e pRteingnger

the condi tiopgy gfy SRR AP dns LALRAE 4. Bf GIEMISImRTRETRE phdiSin
FBR 0 20 i crod as ba 8

contam nati ng ac rgani Sms suc cteria an ngr 't hrough

the use of, ppre@¥RAPIaCIOr-pRAMSAIBS sushhhorthd UlTaBRICYtEhdavce Dailablei Romci d,
thimerosal, and the like.  Solutions of the invention can be prepared by

i ncor por atlf nFhewCyte dnelrvineaCalfamitr i bed herein in a pharmaceutically

dcceptabl e carrier or Jl%l ient and, , as r,equ'hr d, other hngredi ents recited
above, fol | owed byRfi |HEFES RERFOIORS T OB, WAKNCHAISHRG CEB NOMPRFIYAS 8% of

the inventio risi Or t] e S i o i ui tabl e
for inplant aﬁl@.ﬁ'ﬁ?é@l é@ggﬁ’egﬁﬂ%eguw&aﬁthgg l?ﬁgkécseﬁlﬁjsp 1&5%5%5'% éﬁﬁ‘g ion. In
t he case of éﬁ'ﬂ@h*d%ﬁ&ﬁicﬂﬁhe@. cells, this will commonly be achieved by
protecting the cells fromexposure to the recipient's inmune system In
particul ar, the i nwentPlusnaeBlronbinhCidie- Adlogereic pipas tlotnprodondedisvithces i n:
WO 2006/ 110054 PCT/ NZ20061000074 - 20, _ ,
15 allogeneic thrombin as a biocompatible containment device.
Compositions and devices of the invention may utilise support matrices
in which the porcine cells can be incorporated or embedded include matrices
which are recipient-compatible and which degrade into products which are not
harmful to the recipient. Natural and/or synthetic biodegradable matrices are
20 examples of such matrices. Natural biodegradable matrices include collagen
g matrices. Synthetic biodegradable matrices include synthetic polymers such as
polyanhydrides, polyorthoesters, and polylactic acid. These matrices provide
support and protection for the cells in vivo,
The invention accordingly further provides a method of treating a patient
25 suffering from or predisposed to a disease, disorder or condition associated with
a deficiency in or absence of organ function comprising administering an
effective amount of one or more implantable compositions of the invention, to a
patient in need thereof.
The invention also provides a method of treating a patient suffering from

30 or predisposed to a disease, disorder or condition associated with a deficiency in



A Al gi nat e-encapsul ated form- to provide additional imune protection of
the transpl anted procine cells. The nethodol ogy for m croencapsul ating
porci ne neonatal islet cells and transplanting sane is set out in (23) -
such al gi ngloaeipGaRgul ation provides efficient, safe, apekeneidondal S

met hods for xenotransplantion. ” Subcutaneous inplant devices that allow the
devel opnent of a prevascul arised alloggrneic collagen reservoir for the

pl acement of the porcine cell conpositi’ons. Preferably, the inplant device
is cell-inmpearmndabie biiorganottistme oprceHefunetion] domypriving eerhimplaatatdncin as t he
"TheraCyte" device avail|able from 10 TheraCyte, Inc., lrvine, Calfornia. "
Matrix pr epdlaﬁﬁmdﬁs“eﬁdithefﬁﬁf ef ap orEans dissus or eedhiselated; fooim anecor TagreRiBEd on
gel atin, col] agen ,and/ or .ot.h mat rices suppl enmented with natural

car bohydr at EPIB Cff Wsafmﬂ’lgldaogrrjﬁhe’ﬂyre{}ﬁﬂ?n Clot - Allogeneic plasma clots

produced wi th 15gabh @8RARIE riBRGIPONHRInFerboR PR MBI IAEREL: devi ce.

Conpositions and devices of the 1nvention may utifise support matrices in
whi ch t he paughrat aell] tissan dre oiganofrtioheih ar xewdtemspidnt pedipidat rwliiist ces
which are recjpient-conpatible and which degrade into products which are not
harnful to thinimisingtheisk shiransmissina/of xesozametic infsrtiouspesatipincludingi ces
are 20 exa ofmsuch jmatrd ces. Nat ural .bi odegr ad e . matrices inglude

col | agen gﬁﬁgeghw{f‘h@tqf&e@? (9&@8}05118;8*‘@3%5??‘85%%05&%3 e t;’}ﬁ?rﬁe Pc

pol ymers sucge Yianspais led b trBQ6R! & Sgntnd i3, Gr 3601 .
These matri cescﬁ%P%B\Bi%ge %%po%?égen gr ot gction&f%}gltheog%ﬁys I n virvo. The

i nvent i on acfanctiomeoyld e fuivevn by okilldd svarkemstfroml peibr avteadtheds. a patient 25

suffering fromor predi sposed to a_di sease,, .di sorder or condition associ ated
with a d#ici encﬂplﬁemf@ﬁﬂﬁaﬁéséﬁé% sllsopompogitions pnth treaimentsmethods A #het eri ng

d . . . . .

nvent i on,  tooaRt terdie 3 uRbRr lonER R A sFoGBRRRG sRPESvE Priifen

met hod of treyagignfl, Hsfrt beekll fuhétesd Qde fthofe ctRar®y, tREQA sRPaRdehimingi sease,
di sorder or condition associated with a deficieéency in W 2006/ 110054

PCT/ NZ2006/ odaliig4nd secreting the required biological factors.

The tissues, cells, compositions and treatment methods of the present
15 invention are particularly suitable for xenotransplantation, being free of
xenozoonotic infectious agents and having a reduced PERV copy number. Cell
implantation therapy has an advantage over traditional organ transplantation
therapies in that the availability of cells suitable for implantation is not limited as

are suitable organs from cadaveric or live organ donors.
20 In addition, whilst cells which are to be implanted may be foreign to the
{ host, various methods have been developed to prevent the host immune system
from attacking and thereby causing the death of the implanted cells, such as, for
example, placing cells in aggregates or devices that provide a physical barrier
between the cells and the host’s immune system ((23), (24), (25), (26), (27) and

25 (28)).

Accordingly, the invention provides isolated porcine organs, tissues or
cells which are suitable for administration to a xenogeneic recipient. These
organs, tissues or cells can be used to treat disorders which are characterized by
deficient or absent organ, tissue or cell function. As used herein, the term

30 “isolated" refers to an organs, tissues or cells which have been separated from

their natural environment. This term includes gross physical separation from the



-21 or absence of organ, tissue or cell function, conprising the
i nplantation in a patient in need thereof of an organ, tissue or cel
i solated fromone or nore pigs produced by a nethod of the invention Such

t r eat ment \W%@Hﬁmﬂf the invention are preferably abl efﬁ:‘ilﬁﬁﬁkﬁﬁ(ﬁﬂ” 5
e

augnment c , tissue or organ function in a xenotransplant reciplient whilst
mnimsing the risk of transm ssion of ,;gzenozoonot I c infectious agents,

- -

i ncluding PERV. The nunber of cells or“anount of tissue required for

t ranspl ant ahatoral ehihigoninest) weneyenedval fions pheadbsoredmimat Gindr dtbration efther e or
augnment organ, tissue, or cell function would be known by skilled workers
from prior eygansietipnigs’ oncelishaclationship withdhe agighbening celisowith svhicl theyand
treat ment netho of the .ingtant iﬁyﬁntion.are useful for long-term

physi ol ogi c&%4}! _fégfp‘&ﬂ?é?%’lyg GAEMBIT> ASFOFPYRN, tissue or cell function due
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bi ol ogi cal factors. e tIssues, conposi t1ons reat ment net hods

of the presesip" add "switetandrefiere to aidnienlsanl e SarintlatBuid4e0Such mammals
xenotranspl antation, being free of xenozoonotjc infectious agents and

havi ng a reinstute PiRllyc oppattisthe inbred| swinemprefarably dhoseh aempheinef the
advant age over Itrgﬁli t i@nal organ .t aans.%l ntation therapies in that the
avai | abi | i t {ugklapd fsland pig hayd eteln deSeREd ation is not limted as are

sui tabl e organs f a Wollle) j r I ji 114 whi | st
cells whi chgar e tToﬁ)%]é&?prrp#gé\tE %9&%@1@%@%&% lt%g‘éaﬂﬁods}t ﬁ%ért% gt met hods

have been dissi ereslivietsersfiaceoi symiptonnsf a disvamedisyrice 0 conditivrabssaciatety and
t hereby causing the death of the inplanted cells, such as, for exanple,

El aci ng d8I méth s deficjergyaireer ahsenes pkergan,assup 06 wel duactisny Eor examples iner

t th | | the h@st's i .Syst . A{24) .~ (25),.(26), (27
55 (el et Bt TS, SHORGE b & ariRl: WO al2”
tissues or .6ehtso Meﬁ@ﬁﬁmibﬁ%ﬁn@% GFOivelss lefRbts Qs s})rﬁztlﬁolﬁ?mﬂﬁd@_ i
reci pient. These ofgans, tissues or cCells can be used t reat disorders

whi ch are chighadileod zghicbse, dbeésity, ealierrant aphiease segsitivityi andier oplucesd

function. As used herein, the term 30 "jsolated" refers tp an organs,
tissues or SSEPHLREY.cAPHEARE BRdin Q@ﬁl&r diebatiq pprovascular and’ macrovasculat

15 disease, aberrant lipase secretion, aberrant secretin levels, aberrant
cholecystokinin levels, steatorrhea, aberrant gastrin levels, and aberrant
cholinergic and/or adrenergic function.

Accordingly, the tissues, cells or compositions of the invention are
transplanted into a patient suffering from or predisposed to a disease, disorder or

20 condition associated with a deficiency in or absence of organ, tissue or cell
function in an amount such that there is an at least partial reduction or alleviation
of at least one adverse effect or symptom of the disease, disorder or condition.

As used herein the terms "administering”, "introducing", and
"transplanting” are used interchangeably and refer to the placement of the organs,

25 tissues, cells or compositions of the invention into a subject, e.g., a xenogeneic
subject, by a method or route which results in localization of the organs, tissues,
cells or compositions of the invention at a desired site. The organs, tissues, cells
or compositions of the invention can be administered to a subject by any
appropriate route which results in delivery of the cells to a desired location in the

30 subject where at ieast a portion of the cells remain viable. It is preferred that at

least about 5%, preferably at least about 10%, more preferably at least about




their natural environment. This termincludes gross physical separation from
the WO 2006/ 110054 PCT/ NZ2006/ 000074 22 natural environnent, e.g., renoval
fromthe donor animal, and alteration of the organs', tissues' or cells'
relationship with the neighboring cells with which th fod/ddody r ect

cont act bWO Y14 npl e, di ssociation. As used herei n,elyt @it erm "porcine" is
used interchangeably with the terms 5,3pig”" and "swine" and refers to
manmal s in the fam |y Suidae. Such mammal s include wholly or partially

i nbred sw na)%,pyetimoretprefarasly et beasbataut 30%, Istill Aorkprefatablylat dehspalgputer d
herein described. The term"treating” as t{}sed herei n i ncludes reduci ng or

al | evi at i ng4Qe, andemest prederablyeatsleast abewt SQe osynpreced the cgllg remmaibariablesor der

or condition, asspci ate 10.with .a deficiency,in or..absence of .organ, tissue
or cell fungq“?ro .m‘ﬁfﬁtﬁagfgnlﬂlt‘é,a F‘r\bj?ﬁe Tl(bﬁsgerb(?d 8?3‘@3‘%@5’, Ogitggr él sa%%?
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function, eé‘gﬁn@'{ggg{lgg t%&g?@g g%df‘géct S oFt dsgfrrpyorrs ?’%?’fjgﬁe'ﬁﬂﬁg I o%d

gl ucose, gbgsa faw daps rtbémtlogFLaGQaS&v\S%Skst iovinopnttsn Methods of adrinistering,

insensitivity, aberrant insulin levels, diabetic nmicrovascular and
macr ovascul #trodacing sand dransplantingt otgeaphsHssyesr eeliowr egrapesitienss of r &ei n

| evel s, aberrant chol ec okinin | egvels atorrhea, aberrant. gastrin

| evel s, andméfﬁ&%nqle %%ﬁ"ﬂ%%l & aﬁl‘f/ rt. aglrf‘gﬁelcﬁrf cg?uﬁ@mflﬂﬁgregcggr &i ngly,
the tissues tR&i1 A1 QRS Wf¥gedinvention are transplanted into a
pati ent suf?%#ﬁllralgé'}‘ronf%r gre%libsglglseg rticl)ﬁ:ea di sease, disorder or 20

condi tion associ d&flredtesit Hrexipieft’caemssd herein refesetoemamntalgaparticulasiye or

cell function in an anpunt such that there is an at |east partial, reduction
or al | evil@t hemansgfsufferinga ftonp @ pepdisposeds tp o tdisgase,y ginosdaropr eadigiosease,

I sorder or_condj ti on. ed herein the ter "adm oni st ard ng:
'(yi nt r oduci nass?“‘aﬁ& Wﬁl}l1 rag%éﬁﬁ i’r‘fgo‘r %P@%s@rﬁ?’eﬁﬁgﬁéégﬁlé}ng‘h@' Fé’leer to
the pl acemepimofedipign®’ 4198\ clude? hdAfHRSn Wilibh 3nInt @RS dHse i eliditddhe

i nvention into a subject, e.g., a xenogeneic subject, by a nethod or route
whi ch resul againgt allogendic ar ixenogénecid eelts: xnmplasi aSreeipients ehdladeo priomigsosi ti ons
of the inventioP at a desi rﬁd éiatel The organs,, ti.zsues, cells or
conposi t i oné-&f lRENS A0 MHEYDan Bienagenci eciient” (gsardanpdta hagnaasy

15 "recipient subject" or "subject") as used herein is a recipient into which cells of

another species are introduced or are to be introduced.

As used herein, the language “"disease, disorder or condition associated
with a deficiency in or absence of organ, tissue or cell function” includes a
disorder in which there is abnormal organ function. Such abnormal organ

20 function includes an impairment or absence of a normal organ function or
presence of an abnormal organ function.

The invention consists in the foregoing and also envisages constructions
of which the following gives examples only and in no way limit the scope
thereof.

25
EXAMPLE X

This example details the characterization of the viral status of the low
PERYV copy number Al pig herd.

MATERIALS AND METHODS

30 Nucleic Acid Extraction,



appropriate route which results in delivery of the cells to a desired
| ocation in the 30 subject where at |east a portion of the cells remain
viable. It is preferred that at |east about 5% preferably at |east about

10% nore Roshfyafsy at | east about WO 2006/110954 PCTI Wﬁ%w@%y -23
erably at

20% vyet nore preferably at |east about 30% still nore pre | east
about 40% and nost preferably at Ieas_g“qbout 50% or nore of the cells
remain viable after administration intd'a subject. The period of viability

of the cells aftePorcifién mhaterialsi Oprotessad sUhéladéd casis aperiphherdl asloadf ew
hours, e.g., twenty-four hours, 5 to a few days, to as long as a few weeks

to nont hs. NaowEEiaar Cdmmsmaeandﬁg‘qeces.nt roduci ng and transpl anti ng organs,
tissues, cells or ¢o sitions of the inventi a -known in the all.
Cei 1 oan' be. adm ARGRERaROR HssHanatiseue saps Fma) EorRba £REaon dyer;
diluent. Th 4 L3 y @PI%HZ?@E | 0 .cul arl
10 humans, Suﬁ%ﬁ%ﬁﬁx@nﬁgﬁ 0pr edi spoge e?%(%i%?gg%%’, Ggﬁggi?lc']%’ l\grﬂ)tggndi ti o%
associ at eds Wytib ufftef frehetheyQlagearRsdasg icie é@ﬁagengamingt hsglas nomogdrliser

function. The term"recipient”™ also includes manmmals in which an imune

response is (@Vhestordd Ridawest extradgdrising dhe Xiagoe ineasy eKits '.gQ'agan)am_s of

Feci pient” ( oFeoef P EEVERY, ASaastoude ML SKR: i, SERRIRES) ccr )
T her e e . . H ' !

"htFoduced oPaRdulifE Heing DK 0IRtIof &1, 308hura) fIf WbRBRECURR BEC,

di sorder or mamifatiuesr’ aesennriddtiond.th a deficiency in or absence of organ,
tissue or cell function" includes a _disorder in whjch there is abnornal

O o e e o et o1
Functi on. . THETRrTANESR Wl el xR EREEEH. oAb L RIE (R4, A
ComSt T L SR B kg M TESE O TR GO G
MD).
Extraction from faeces. RNA from faeces was extracted with TRIZOL

15 reagent (GIBCO/BRL, Gaitherburg, MD) in accordance with the manufacturer’s

protocol.
Polymerase chain reaction (PCR).
All polymerase chain reactions (PCR) were carried out using a Perkin
Elmer GeneAmp PCR System 2400 thermocycler.

20 PCMYV PCR: We have used PCMV PCR developed by Hamel (30).

{ Sensitivity of both PCR and nested PCR was estimated using cellular DNA
extraction from a PBMC (peripheral blood mononuclear cells) of infected pigs.
The sensitivity was determined by limiting dilution as being 10 g of DNA per
reaction.

25 PLHV PCR: PCR developed by Ehlers (31) was used for PLHV
identification. The sensitivity of PLHV PCR was estimated by limited dilution
using PBMC DNA extracted from infected pigs. The sensitivity of the PLHV
PCR was estimated to be 10 ™ pg of DNA per reaction.

EMCV RT-PCR: PCR developed by Vanderhallen & Koenen (32) was

30 used for the virus identification. Sensitivity of the RT-PCR was determined by



This exanpl e details the characterization of the viral status of the | ow
PERV copy number AT pig herd. MATERIALS AND METHODS 30 Nucleic Acid
Extraction. WD 2006/ 110054 PCT/ NZ2006/ 000074 -24 Por ci ne material s

processed w&q wﬁ% ?I ssue, peripheral blood nononucle 6,0 éﬁsrra and
f aeces. raction fromtissues: tissue sanples (30ny) raction

were honogenised with Iml of TRI ZOL reggent (G BCO BRL, Galtherburg MD) or
5 lysis buffer fromthe Q agen Rneasy K"t "(Q agen) using a gl ass honogeni ser

“(Wheat on) . R HiRAGbh 26F FONAS ieﬁ@adt&? frA0edl RaRasy ikfebtedOnaeBMEy, TR ZOL
reagent (G BCO BRL, Gaitherburg QNA fromtissue was extracted using
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with TRIZQ Folﬁraf@?ﬁﬁf& W 50@@WMWAQCA@TAGMTAmHC&stéh the
manuf acturer's tocol . Polynerase chain reaction (PCR). poI ymer ase
chai n react iprimey W@R)S -\/\SM(BGG’TMBCA{BAGICA@PBAQ&% ﬂ“heBlenstlv@mﬁB@N PCR

Syst em 2400 therm)cycl er CMV PCR W ha used P evel oped by
Harel (30). PRras ?swlma;edaﬁydsmﬁpda@mmum& Patack m.twawﬁw 'ng

of ect od o e bf Bk R plesThE sclBtbPE HBRTEY o AR FRBRRMTRARNIS 26 hei ng
10 -2pLg o A\%\WDNA péle@ggﬂ,@p 25 PLHV PCR PCR devel oped by Ehlers (31) was
used for PL

{ 10 HEYV Reverse Transcription and PCR: PCR designed by Erker (34) was
used for the viral identification. Sensitivity of the RT-PCR was determined by
limited dilution of RNA extracted from faeces of infected pigs. Sensitivity was
estimated as being 10 *pg of RNA per reaction.

Sequence analysis of PCR products,

15 To check the specificity of a particular PCR, amplified products were
purified using the High Pure PCR Product Purification Kit (Boehringer)
according to the manufacturer's protocol and then sequenced on an ABI 373A
sequencer (Centre for Gene Technology, Auckland University). Computer
analysis was performed by BLASTN and DNASTAR programs.

20 ELISA for detecting HEV antibody.

( Pig IgG HEV antibody was measured with an ELISA kit using
recombinant GST-ORF2.1 as the immobilized antigen. Alternatively, IgG HEV
antibody was measured with an enzyme immunoassay (EIA) as previously
described (13).

25 Animals and Tissues.

Pigs tested were from New Zealand commercial herds (Large White and
Cambrough pig breeds), a high-health-status (HHS) herd (Cambrough breed),
and feral pigs resident on the remote Auckland Islands (the Al herd).

The porcine tissues analyzed included blood, liver, spleen, pancreas,

30 lung, and heart from one-week-old piglets. Faeces, blood and peripheral blood

mononuclear cells (PBMC) were analysed from older pigs. All tissues were



I dentification. The sensitivity of PLHV PCR was estimated by limted
dilution wusing PBMC DNA extracted frominfected pigs. The sensitivity of
the PLHV PCR was estimated to be 10,4 pg of DNA per reaction. EMCV RT- PCR

PCR devel 0%9'2@){%1\669%1” hal | en & Koenen (32) was 30 usegcﬁéfz@@g%y us
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enzyne immnoassaywpﬂy s previously described (13),

Pig cytomegalovirus (PCMYV).
PBMC from 15 twenty-week-old pigs and sows from the HHS herd and
20 AT pigs were analyzed for PCMV. Lung, liver and spleen from 10 one-week-
15 old piglets from the HHS herd and 5 piglets from the Al herd were also analysed.
Seventy percent of PBMC samples from sows and 20-week-old piglets were
positive. PBMC, lung, liver and spleen from one-week-old piglets and exiracted
islets cells were all negative for PCMV DNA (Table II). Al pigs all tested

negative for the virus,
20 Table IL. Results of PCMYV testing
f Ageofpig No. of pigs Source herd Tissues analyzed Results
1 week 10 HHS Lung, liver, spleen PBMC  Not detected
I week 5 Al Lung, liver, spleen PBMC  Not detected
>20 weeks 15 HHS PBMC 70% positive
>6months 20 Al PBMC Not detected

Pig lymphotrophic herpes virus (PLHYV).
PBMC were analysed for PLHV from § one-week-old piglets and 10
twenty-week-old pigs of the HHS herd, also from 20 six month old Al pigs and
25 10 pigs more than 6 months old from a commercial herd. Lung, liver, PBMC and

spleen from 10 one-weelk-old piglets from the HHS herd and from 5 one-week-



25 Animals and Tissues. Pigs tested were from New Zeal and conmerci al herds
(Large Wiite and Canbrough pig breeds), a high-health-status (HHS) herd
(Canbrough breed), and feral pigs resident on the renote Auckland I sl ands
(the Al h orcine tissues anal yzed included bl ' spl een
pancreas,ew§%mwﬁﬁg§9and heart from one-week-old piglets. a%%%%@ﬁ%?ood and
peri pheral blood nononuclear cells (PBM>) were anal ysed from ol der pigs.

Al'l tissues were WO 2006/ 110054 PCT/ Nz2606/ 000074 -26 col |l ected during
surgery and odagR] figkeN wéte| hIBYI ShdldedOdRN inifiA tbdie NpsiidFee dodtrols- Hie bef ore
anal ysis. Blood from 1-week-old piglets was collected by heart uncture and
5m pl aced idetiberatslyl omittechtoearhis tany posgibidity of compminatidie dn thB hexdom

CUbes. " Faecd8 rompeay- Hesteolsh mige oawe "glirléf{ﬁrérﬂﬁaiat‘ﬁﬁhi{:s@é@e‘k X on
ice. F ' BAT Lo

semen - wer o SISHeRERE RSt P iRy refen e 00 SN PRLRS e 200 oo
in accor dange NY tdidbAdet IR VRghe ﬁWamfbumﬁldxgtweéwbﬁspigw weChegativys under

consideration, a range of tissues frompigs o 10 var’i ous ages were
exam ned. REBULESiraPDINAyADpiggavere negativeHorPLHPRMGS.f r om 15 t went y- week-ol d

pigs and sows fro S herd 20, Al pigs were anal yzed for PCW.
Lung, |iver and s?ﬁégﬁlmﬁ‘ﬂqw fIng) 5 o/ d piglets fromthe HHS herd

and 5 pigl : ;
sanples fro %eoc‘f@'%nd 20~ UL dS B ﬁe L% we eBBE? e. PBMC ng, liver
and spl een fir@kone- weekiol d pi gl et and extpEMESeug, liver,8pkear ENbidetsbie® al |
negative for, P DNA (Table I1). pigs all tested negative f t he
virus. 20 Ta‘b‘?"’gk/lvl. Resuqats of PCR?@St esting lk@ésof pi g No. ofﬁﬁﬁ‘gg""%&ur ce
Herd Ti ssues ol yzed Results | wagk 10 HHS luag)fver)spkéed , spl esitt deiBbied Not

detected  y4 weoks 10 HHS PBMC 95% positive
6 months 20 Al PBMC Not detected
>6 months 10 commercial PBMC 95% positive

Encephalomyocarditis virus (EMCYV).
10 Piglets from the HHS and Al herds were analysed for EMCV.

HHS herd: myocardial tissue from 20 one-week-old piglets and faeces
from 11 ten-to-twelve-week-old piglets were tested.

Al herd: myocardial tissue from 3 one-week-old piglets, and faeces from
10 twelve-to-fourteen —week-old pigs were tested. No evidence of EMCV was

{ 15 found in the myocardium of 1-week-old piglets or in faeces of post-weaned pigs

{Table IV).

Table IV. Results of ECMV testing.

Age of pig No. of pigs Source herd Tissues analyzed Results

1 week 20 HHS Heart Not detected
10to 14 weeks 11 HHS Faeces Not detected
12-14 weeks 10 Al Faeces Not detected
1 week 3 Al Heart Not detected

Pig circovirus type 1 and 2 (PCV).

20 The following tissues were examined:



| week 5 Al Lung, liver, spleen PBMC Not detected >20 weeks 15 HHS PBMC 70%
positive > 6 nonths 20 Al PBMC Not detected Pig |ynphotrophic herpes virus
(PLRV). PBMC were anal ysed for PLHV from5 one-week-old piglets and 10
tmnty-m%%ﬁglﬁhgs of the HHS herd, also from 20 si X pgFafNZldeletoe™ Pigs and
25 10 pigs nore than 6 nonths old froma comercial herd. Lung, liver, PBMC
and spleen from 10 one-week-ol d pigletsagromthe HHS herd and from5
one-week WO 2006/ 110054 PCT/ NZ2006/ 000074 -27 old Al piglets were also
anal ysed. |n ini tHHS herdt 4 faseak sampiesofiomoldstodérweeckdolditigs, sk kang tisshast ed to
avoi d any possihili of. coqntam nation.,.In the HHS herd, 95% of
t went y-vveeka%‘iﬁl%ﬁﬁ"@gmg‘om Pag-WERISOIDIERNC (Table 111).  Phyl ogeneti c
anal ysis of anpli d % sd.m ' ' 4 25 (2). No
: [y SR ENERAC LA SR MAEL b P4 fob ReE I Bl 2 0o

evi dence of PLHV Type T was gl ets wer egative for

the viral DNA. Al Aphas: W01 eecRe 9@ ffodi aflitiigel rus. Table I11. Results of
PLHV testing Age of pig No, of i%s Source herd Tissues anal yzed Results |

; p
week 10 HBIS PBMC, PCWAJ)INA wes amphified draxe thedfacealtsampless afithz 14 tpiHweBkeS Not
detected { week upg, |iver | e t detected 20 weeks 10 HHS
P 9556 poeld PEs (TableNdnERssl 2implosAFod 1 il ee ke id S8 BRI oS BV hmos ci al
PBMC 95% poshhd,V ' jat | ' ¥ ' m t he
8 ana A AQ0Y Eonet BF B PO BLIVARERG b M MHS B Thed off O b 1WA, L OF,

20 one- weektigh sanples Froanend-aeelesld pigend ¥olesut! oF fowk ey fitplel draph 9! et s
were tested. Al herd: nyocardial tissue from3 one-week-old piglets, and

faeces fromthel Gameepige- werd positivenfor vRGN- tipe pi Fhylogesctie ana SISNOf dhe dence
O BN e seamiabal Wobibed Wt SR8 M bayt WP il 3088 Vg 20
( strain ((J49186). Al pigs were free from the virus.

Table V. Results of PCV 2 testing

Ageof pig No.of pigs Source herd Tissues analyzed Results
14-16 week 14 HHS facces Positive
14-16 week 14 commercial faeces Positive
1 week 4 I—fHS faeces, lung Positive
>6 months 10 Al faeces Not detected
Hepatitis E virus (HEV).
15 HEV antibody was tested in serum from 24 sows, 23 one-week-old and

25 twenty-week-old pigs from the HHS herd, 66 sera from 22 pigs from
{ commercial herds, and six 6-month-old Al pigs. Faecal samples from 21 ten-
week-old, 7 twelve-week-old, and 17 seven-week-old piglets from a commercial

herd and the HHS herd were tested for HEV RNA.
20 HEV was present in the HIHS herd and was preferentially isolated from
12-week-old piglets. Sequencing of the virus revealed that the New Zealand
swine strain segregates with human HEV strains from non-endemic areas. Al

pigs were free from the virus,

25 EXAMPLE 2



(Table V). Table IV. Results of ECW testing. Age of pig No. of pigs Source
herd Ti ssues anal yzed Results 1 week 20 HHS Heart Not detected 10 to 14
weeks 11 MRS Faeces Not detected 12-14 weeks 10 Al Faeces Not detected 1

week 3 Al detected Pig circovirus type 1 and The
fol | owi ng Wbl o Gt ned: Wb 2006/ 110054 pCT/ szﬁ‘%ﬂég%%f%?m- 28 HHS

herd: 14 faecal sanples from14 to 16-V\§:§k-0| d pigs, 4 lung tissues, and 4
faecal sanples from one-week-old pigs. “€hnmercial herd: 14 faecal sanples

from1l4 to 6-week d P4 r @b P f Fgs. 5
POV2 DNA was anpl Thisd gRadifle pfsests' e a‘g?frrnglﬁgg&éf TRERY, opy Afiibtr DS bi gs

(Tabl e V). kaemplars anghisss bf tre Adeldsndslnddierd.pi gs were positive in 100%
cases in the comercial herd, and the HHS herd. Three out of four |ung
ti ssue sanpl es frBHEERKORSek- ol d pigs and four out of four faeces sanples

from the sanme pi re .positive far, P Phy . netic. | ¥si s of
the 10 sequenced 8?”@3@8&%%%’5? otRS%P%??ﬁ&ﬁ%% lrg?ﬁglilhfig%a@@rﬁiged PCV2
strain (1 : RiglRCgR1epeRdchE rPOR! BRitilg WfutidR YsgayV (PEBAY! Wwithof PCV
2 testi ngjsi eﬁg%lep@'ég%otg’%%f pI gc}cs} E?SPCIZ@%EI‘ leigssugé anasll y%/gd Rels)ul ts 14-16
week 14 HHS doagmeatioPabi t i mealysid- 16 usagk 1QUARNIEYCi al(Riodeiges Patitiwk 1
week 4 HHS faeces, |lung Positive >6 nonths 10 Al faeces Not detected
Hepatitis E ubikinicropjabyyashingtemedueempdng)nas tested in serum from 24 sows,

23 one-week-old a went y- week-old pigs fromthe HHS herd, 66 sera from
22 pigs from iﬂ?.SﬁETtS

Both techniques gave good concordance with respect to proviral insert
10 numbers. The average copy number in the Al herd was 14 or 19 by LightCycler
and PLDA, respectively.

It was also established that PERV copy number varies between
individual pigs within the Al herd. PERV copy number varied from 3 to 37 (37,
16, 10, 4, 12, 16, 20, 3, 14) copies by LightCycler, and from 4 to 30 copies by

15 PLDA. It was shown that all three classes of PERV (PERV-A, -B, -C) were
present in members of the Al herd.

PERYV is present in the genome of every breed of swine, Most
commonly, approximately 50 copies of the virus are present in every cell (6).
The above data was compared with the PERV copy number in an inbred HHS

20 pig herd and a commercial pig herd. Average copy number in the HHS herd was
{ 43 (30, 56) and 30 in a commercial herd.

Thus, selection of male and female pigs with the lowest PERV copy
number for breeding will provide a donor pig herd of exceptionally low PERV
copy number and this, together with their infectious microorganism fiee progeny,

25 makes them extremely suitable for use in xenotransplantation.
EXAMPLE 3

This example presents an analysis of the blood group of exemplary
members of the Auckland Island herd,

METHODS

30 Two techniques were used to determine the blood group of the swine.

The first method utilized monoclonal antibodies to detect blood group antigens




commercial herds, and six 6-nonth-old Al pigs. Faecal sanples from 21 ten-
week-ol d, 7 twel ve-week-old, and 17 seven-week-old piglets froma comerci al
herd and the HHS herd were tested for HEV RNA. 20 HEV was present in the HHS
herd and V‘@ﬁzﬂfsﬁ‘idﬁ??”t ially isolated from 12-week-ol d wigkehsscosgguenci ng
of the virus ' revealed that the New Zeal and sw ne strain segregates with
human HEV strains from non-endem c areagg-Al  pigs were free fromthe virus.
25 EXAMPLE 2 WO 2006/ 110054 PCT/ NZ2006/ 000074 -29 Thi s exanpl e presents the
det er mi nat i gessnt pERYcaab pigsueusaneplentaken ftam exemplaryiraegbers. agatitAind

oroer o+ st B EngSnb LRSS 150 HlBScl S SRLSIAL BAEFRNR TR L o
assay (PLDA)yg &éﬁa ahiisats. aﬂﬁs?!ﬁié‘fmélﬂ? ifgdfis! \I/Xﬂe( BedbicdOowsh b

ubi k. m crobi ol . I ngt’on. edu/ conput ESULTS Both techni ques gave good
concor dance fludrescentipdaticlled aptianouselIgFNE ad sechidaynditibedy. The aver age copy
nunber in the Al herd was 14 or 19 by LightCycler and PLDA, respectively.
It was al sb est ablThsiseepndmethogrgtestsstha presshcs uy sesumpmamplesof antdodiegual
pigs within the Al her

gl' PERV copy, nunmber wvaried from3 to §7 ( I .16, 10,
 93o" 16, "SR yete, Befiye mpain, ST gy Eofcandelih prigosonc Bty 1
PLDA. 1t Wasce?ﬂlg.oﬁ‘é’cal ?ﬁ’% cehs v&iﬂfe r?t%féﬂﬁ%%@‘éla Sg%uf @B\éyﬁﬁ%ﬁy‘lﬁole'cﬁes '(ﬁ})%véﬁ"r e

present in nenbers o he Al present 1 n the genosne”0f every

breed of swisyathelifoB malecuten({Bp) appothingn@m| wersGestodiagainsf theheermnrfoamar e
present in every cell (6). _The above data was conpared with the PERV copy
nunber in arPd ArRIgS HHEN Zgepitipation assayd Thoso RigsarEls thahdisknet reagkVitle copy

n’unber | nlé hgerot%_l %ﬂ‘ %éﬁj weig dcég‘negi‘?lg’be‘r’ggous r}g, t?x%sé thét (s8N ra%iaﬁlst R%r 96113

( were deemed to be group O.
RESULTS
In sitw hybridization.

Table VI below presents the results obtained in the in situ hybridizations

15 using anti-A and anti-B monoclonal antibodies. Fluorescent staining indicated

the presence of the primary antibody, and thus, the presence of the relevant
antigen in the sample.

Table VL. In situ hybridisation for blood group antigens in buccal tissue

samnples

Slide 1° antibody No of images  Fluorescent Scores ABO group
| P -A 4 0, 2+ 3+, 1.2+ A
t
' P -B 2 0,0

172 ~A 3 1-2+,1-2+,1-2+ A

172 -B 4 0,0,0,0, ,

184 -A 3 0,90,0, O

184 -B 2 0,0

20 Agglutination assay.

Table VIII below presents the results obtained in the agglutination assay.
Agglutination indicated the presence in the serum sample of antibodies cross-
reactive to the relevant blood group antigen present on the cell surface. Six

degrees of agglutination were ascribed, as follows: 4 = one strong agglutinate; 3



Thus, selection of nmale and fenmale pigs wth the | owest PERV copy nunber
for breeding will provide a donor pig herd of exceptionally |ow PERV copy
nunber and this, together with their infectious m croorganismfree progeny,
25 makes t%@ extéﬁnely suitable for use in xenotranspl antati on. EXAMPLE 3
This exanp qb%@é ts an analysis of the blood group of PEXNRHOEPWTerhers
of the Auckland Island herd. METHODS 30 Two techni ques were used to
deternine the bl ood group of the swine-31The first method utilized

nonocl onal ant.] I bj o ' S= 10054, -

PCT/ Nz2006/ 8-(%‘8@%% ggﬁﬁ%?@{éﬁltﬁ?’gi baﬂ?:(gp&t I suiedaﬁrr;pl ﬂgagg%g(n%rg%m&exenpl ary
menbers. Mouysgy arbk adghhintteqnhd-B=rmnagilonndten Thebpresagcef sfom Bglotingti c
Scotland ALBA-clone were wused as primary antibodies. These primary

ant i bodi es wgrisstdap sellewagiindicative offbloed grovpr@ y- | abel | ed anti - nouse | gFI TC
as secondary anti hody. The .secqnd net hogd det.ected the presence in serum
sanmpl es of anti boﬁ?@é vﬁh&gﬂ}éﬁl%ﬁwwlﬁﬁéé‘é‘i‘ 169539,];{19@8%0% B} oup
antigens present on fetal pig cells. Fetal pig cells with surface bl ood
group A synthetic nolecules (Ap) or synthetic B nolecules (Bp) or nothing
(Op) were tested against the serumfrom 65 Al pigs in an agglutination
assay. Those pig seruns that did not react with 10 group Ap cell were deened
to be group A those that reacted against Ap cells were deenmed to be group
O RESULTS In situ hybridization. Table VI bel ow presents the results
obtained in the in situ hybridizations 15 using anti-A and anti-B

nonocl onal anti bodi es. Fluorescent staining indicated the presence of the
primary antibody, and thus, the presence of the relevant antigen in the
sanple. Table VI. In situ hybridisation for blood group antigens in buccal
t'i ssue sanpl es



Slide 1 antibody No of inmages Fluorescent Scores ABO group P -A 4
0,2+,3+,1-2+ A P-B2 0,0 172 -A 3 1-2+,1-2+,1-2+ A 172 -B 4 0'0'0' 0" 184
-A3000 0 184 -B 2 0,0 20 Agglutination assay. Table VIII bel ow
presents t r obtained in the agglutination assa hpation

i ndi cat ed \Qﬁempﬁ?lzéoﬁce in the serum sanpl e of anti bodi eiécgqugg)g@@g@cti ve to
the rel evant bl ood group antigen presentyson the cell surface. Six degrees
of agglutination were ascribed, as follows: 4 = one strong agglutinate; 3 WO
2006/ 110054 PCT/ Nz2006/ 000074 -31 = nediumstrong agglutinate; 2 = medium

aggl uti nate;—-L;—waak-aggLuLu%MWand 0 = no
aggl uti nat esSample presence of an agg#2fiinate agai ndHespls cel | s was

i ndi cative of bl ood group 03 Table VilI. Aggl @ination results-for

anti bodi es to bl ood group anti gens 2006/ 11 4 PCT/ Nz2006/ 000074 -32
Sanpl e 22C Results Ap Bp Op4 0O 00O 500€§ A 300A0A 9000A 10
000A 11:i 000 A 1306)0A 160000A017000A

5 . A
8 : 0 0 0 A
.9 0 0 0 A
L 10 0 0 0 A
11 g 0 0 0 A
P13 0 0 0 A
16 0 0 0 A
( 17 0 0 0 A
18 0 0 0 A
19 0 0 0 A
2 0 0 0 A
23 0 0 0 A
{33 0 0 0 A
34 0 0 0 A
(35 0 0 0 A
36 0 0 0 A
44 0 0 0 A
51 0 0 0 A
L62 0 0 0 A
{ ,

i 1 0 0 0
12 2 0 0 0
5 3 0 0 o)
24 4 0 0 0
28 2 0 0 0
37 3 0 0 0
40 ' 2 0 0 0
L 63 3 0 0 0
. 64 | 2 0 0 0
65 ' 4 0 0 0




13000A j1900OO0OA 22 O0OO0OA 23000A 33000A 34000A 35
OOOA 36 000A 4000A 52000A .62000A 71000 1220
00 153000 244000 282000 373000 402000 633000

64 1 2 0 0yl ?’El @59 0 0 WD 20061110054 PCT/ Nz2006/ 000044 rN ?03 ULTS Thi s
exanpl e shows about 60% of the Al pigs tested were posi

car bohydr at e- cont ai ni ng surface antlgen I ndi cative of bl ood group A

Sel ection of Al pigs fromblood group 0 \3M be advant ageous as they will be
5 nmore conpati bl egEST PSt enti al xenotranspl ant recipients and reduce the
risk of transplant rejection. In addition, selection of Al pigs that have
bl ood group 0 wi Thisresaiple ishote deatcablionit G%@’eﬂmaﬁkp@sdpstchwme posifivei on

when cells and tissues from,such sel ected pi re gro in_culture
cont ai ni ng JeF Lﬁﬂbcﬁ}ydgqtgncpgtqnyng surface antlge%sglnﬁcatlv% o‘@mblood group A,

Selection of Al pigs from blood group O will be advantageous as they will be
5 more compatible with potential xenotransplant recipients and reduce the risk of
transplant rejection. In addition, selection of Al pigs that have blood group O
will result in less cell damage caused by immune reaction when cells and tissues
from such selected pigs are grown in culture containing serum for similarly
selected (O group) pigs.
10
EXAMPLE 4
This example presents an analysis of the blood group of progeny from a
trial mating of selected members of the Auckland Island herd.
METHODS
15 One male and one female member of the Al herd were selected for
mating, on the basis of their blood group. A boar of blood group A (AO) was
mated with a sow of blood group O (O0). The blood group of the progeny was
then determined.
RESULTS
20 This mating produced four progeny: piglet #232 (00), piglet #233 (AO),
( piglet #234 (00), and piglet #235 (00). In this mating, the result with 75% of
litter being blood group O is better than the expected odds of 50%.

EXAMPLE 5
25 This example presents the in vitro characterization of transmission of
PERYV from cells isolated from donor pigs amongst the Auckland Island herd.
METHODS
PERY transmission characteristics of the Al herd were investigated using
in vitro co-cultures, Pig neonatal islet cells and peripheral blood mononuclear
30 cells (PBMC) were isolated, stimulated with PHA/PMA and co-cultured with
human target cell line HEK 293. Cell proliferation and RT activity were analyzed



selected (0 group) pigs. 10 | EXAWMPLE 4 This exanple presents an anal ysis
of the blood group of progeny froma trial mating of selected nenbers of

t he Auckl and Island herd. METHODS 15 One nml e and one fenal e nenber of the
Al herd were selected for mating, on the basis of their bl ood group. A boar
of bl ood gVOBMAIAS) was mated with a sow of bl ood gr SGFNE2PEBI74The p| 00d
group of the progeny was then determ ned. RESULTS 20 This mating produced
four progeny: piglet #232 (00), piglet -#433 (AO, piglet #234 (00), and

pi gl et #235 . ' {.Ng | Y%aQf | i bl ood
group O is bté?gillde%' aﬁﬂ‘ﬁ‘é@i‘%@b%&a&g%%%ﬁ %’jnw ?@‘é%ﬁ%ﬁﬁ@%%ﬁ l%&frg:%e(i(}f’irrpI e
presents t hepppyRINAOPCIFRARAYSIE Was tsed £6X th eoftieit s 6f PEROS trafiaiysibh @ieocel | s

i sol ated from donor pigs anohgst the Auckland Island herd. METHODS PERV
transm ssi orthe targetatellsi stics of the Al herd were investigated using in
vitro co-cultures. Pig neonatal islet cells and peripheral bl ood nononucl ear
30 cells (PBMO) WSHESUEdISat ed, stinulated with PHA/ PMA and co-cul tured with

human target cell |4 . I roldferati Ly mer e
el yzed VD 2006/ {HHSE BENRES 08 SPsubBlss therd s ofY e RECK of BERY, ol 7o
Bl ood p! as Meettifar ShiRerAGTRLARTING BkidaESRMRATPA E tar PRGN, POR anal ysis
was used for the eviden of PERV transmssion into "the target cells.
RESULTS 5 After 18-20 weeks of co-culture, there was no evidence of PERV or

pig cellular marker (cytochrone oxidase subunit I1) in the target cell
li ne. EXAMPLE 6

This example presents the in vivo characterization of transmission of
10 PERYV from cells isolated from donor pigs amongst the Auckland Island herd.
METHODS
Neonatal porcine islet cells isolated from low PERV copy number donor
pigs were encapsulated in alginate, then transplanted into cynomolgous monkeys.
PERYV transmission was then assessed.
15 RESULTS
There was no evidence of PERV transmission into experimental animals

6 months post-transplantation.

EXAMPLE 7
20 This example presents an analysis of the PERV copy number in progeny
{ from a trial mating of selected members of the Auckland Island herd.
METHODS
A boar and a sow from the Al herd, each with low copy numbers of
PERV, were selected for mating. PERV copy numbers in the breeders and
25 progeny were determined as described herein in Example 2. The boar and sow
PERV copy numbers were determined by PLDA. The piglet copy numbers were
determined by Light Cycler as described in Example 2. Both methods of
determining copy numbets are comparable.
RESULTS
30 The mating produced five progeny, with PERV copy numbers as shown
below in Table IX.



EXAMPLE 6 This exanple presents the in vivo characterization of transm ssion
of 10 PERV fromcells isolated fromdonor pigs anongst the Auckland Island
herd. METHODS Neonatal porcine islet cells isolated fromlow PERV copy
nunber do | re encapsul ated in al ginate, then into
cynonol go&g{)f%ﬂﬁ}ﬁg@gﬂe PERV transm ssion was then assessﬁe@?ﬁi’@b@wTs There
was no evidence of PERV transm ssion into experinental animals 6 nonths
post-transpl antati on. EXAMPLE 7 20 Thi‘s35e3<arrpl e presents an anal ysis of the
PERV copy nunber ~ | | cted nenbers of the
nackl a1 o] and. AIETRIRE (o udubers Bl bigBderbind broend ) herd, each with
| ow copy nupieé&lefs O PERV, werg sel ected forBagati ng. oV copy nunberfs in

t he breeders and 3\/?5@ ogeny wgre determ nedbﬁs descri ;?d herein in Exanpl e
2. The boay?&W& so co%gpyrurrbers were determ ned by PLDA. The pipl et
copy nunbe|Numbsisetl det ermi ned Ry Light Cycler as described in Exanpl e 2.
Bot h net hops—ef——det.arm-ni-Rg--cd e——RESH-S—38] The
mat i ng pro:iﬁ'@&‘ﬂyfive progeny, with PERY copy nunbers gs shown{ below | n
Table I' X W:R0@6ki#H10054 PCTI NZ200gy 0000742 -3p Tabl e (I X pPERY cagy nlnbers
i n breeders PERV Copy 15.3-D. 7
Nunber / cel | aeraggeny PERVg| et Co¥ent i tly P] P21P3 pa B3 16 37

Number/cell

Hence, the mating of a low PERV copy number boar with a low PERV

copy number sow resulis in progeny with low PERV copy numbers.

EXAMPLE 8
This example presents the determination of PERV class in exemplary
members of the Auckland Island herd. As described herein, it would be
advantageous to have donor pigs that lack PERV-C,
10 METHODS
PERYV class was determined using the methods described herein to
determine PERV copy number (see Example 2 herein). PERV copy number is
determined wusing specific primers for the pol region of the provirus. This
method is able to detect proviral copies of the different PERV classes A, B, and
{ 15 C.
RESULTS
Two pigs in the Al herd (pigs #102 and #212) were found to be negative
for PERV-C. Advantageously, pig #102 is also blood group 0, and thereby is an
excellent candidate for donor breeding.
20 CONCLUSION
The breeding methods of the invention are capable of producing swine
particularly suited to use as donors for xenotransplantation. Organs, tissues or
cells can be isolated from such swine, and preferably are thereby fiee of
infectious microorganismns, have low copy number of PERV, lack PERV-C, and

25 are of blood group O. Such cells are expected to be patticularly suited to




average PERV Copy 4 11 12 16 37 Nunber/cell Hence, the mating of a | ow PERV
copy nunber boar with a | ow PERV copy nunber sow results in progeny with
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breedi ng. 20 CONCLUSI ON The breedi ng nethods of the invention are capabl e of
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those skilled in the art to which the invention pertains, and each such referenced

document and material is hereby incorporated by reference to the same extent as

if it had been incorporated by reference in its entirety individually or set forth

herein in its entirety. Applicants reserve the right to physically incorporate into

25 this specification any and all materials and information from any such patents,

publications, scientific articles, web sites, electronically available information,
and other referenced materials or documents.

The specific methods and compositions described herein are

representative of various embodiments or preferred embodiments and are

30 exemplary only and not intended as [imitations on the scope of the invention.
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scientific @rkic , ' , . ' i abl.e..d r ' . and
ot her refer J{gieagfbﬁr%t B gsl %‘§§58§édﬁ§ﬂi3§'ai#ﬁ‘}as’%§p%¥| i %pﬁe?dﬁ@%g ’gir?\ﬁdg ’ %1
conposi t i ongx4ifiple] il edclh hftaiceahiéein, 4R redslsotlimchiteo0 bxatapled Wt halndidment s or
preferred enbodi nents and are 30 exenplary only and not intended as

I(i it at i dAsimentipe, aoppef dhe t teems nlcomyirising WO'cpasisting ogseantidly L20e8d 000074
-39 Other opjects, aspects, exanples and epbodinents wl] occur to fhose
kil ed 1 bqaisting” B0 e, hE) GBIRSES ORI <ot Bk DAL ST 6t 4he
enCO”passedSﬁf\%&ﬂ\?\ﬂéﬁgﬁ?}%l?ozgg% l&éymﬁfuchnfprismv N RRdiRedebhiatndY, dlearstope of

D,

t he cl ai ns.
be read expansively and without Iimitation. The methods and processes

illustratively described herein suitably may be practiced in differing orders of

15 steps, and that they are not necessarily restricted to the orders of steps indicated

herein or in the claims. It is also that as used herein and in the appended claims,

the singular forms “a,” “an,” and “the” include plural reference unless the context

clearly dictates otherwise. Thus, for example, a reference to “a host cell” includes

a plurality (for example, a culture or population) of such host cells, and so forth.

20 Under no circumstances may the patent be interpreted to be limited to the

{ specific examples or embodiments or methods specifically disclosed herein.

Under no circwmstances may the patent be interpreted to be limited by any

statement made by any Examiner or any other official or employee of the Patent

and Trademark Office unless such statement is specifically and without

25 qualification or reservation expressly adopted in a responsive writing by
Applicants.

The terms and expressions that have been employed are used as terms of
description and not of limitation, and there is no intent in the use of such terms
and expressions to exclude any equivalent of the features shown and described or

30 portions thereof, but it is recognized that various modifications are possible

within the scope of the invention as claimed. Thus, it will be understood that



apparent to one skilled in the art that varying substitutions and
nodi fications may 5 be nmade to the invention disclosed herein w thout
departing fromthe scope and spirit of the invention. The invention

i1 Tustrati gl &ﬁﬁﬁﬁi bed herein suitably may be practi p‘\?ﬁﬁ%ﬂm J,Eb(?)?{)gbsence of

any element or elenents, or limtation or |imtations,
specifically disclosed herei n as essentjal. Thus, for exanple, in each
i nstance herein, in enbodi nents or exan% es of the present 10 invention, any

of the ter malthempthes ipheient "ifivditioht hao bees espetidichlly odiscloged! by’ pfufeied i ng of
may be replaced with either of the other two terns in the eC|f|cat|on

Al so, the t emlwdimm@ﬁnémp@mnal faamrmj|mgdlﬁcé’@m ahdivagiationtaf. tﬁarcencczpts be read
i mtation.

1 Tustr ot i VORI LeRea Fabe s 1r5QHed KBy THEGF B BAdD! HecAis SRl apethg

orders of 1 c r

orders of S?rg%aéﬁ?zﬁx&m %‘ %ﬁgﬁ@ﬁa@%ﬁ)ﬁﬁpﬁ&ﬁ ﬁ)zsi%% w‘%%ﬂ ﬁgéacghg?# ﬂn%s used
herein ang '1ﬁkrefnﬂ8nﬁﬁ’ﬁéﬁﬂ&ﬂb;fiﬂﬁ! enddd\@aihgigul ar forms "a," "an," and "the"
include plural reference unless the context clearly dictates otherw se.

Thus, for exanpl eThainvehtior haebtan deaclibat bmedlY‘andgﬂmdeﬂly hemeluEathof (for
exanple, a culture or popul atign) of suych host cel_ and so forth. ,20 Under
no ci rcunst A MSITORNEr t ieecifgt apd Sibeeneris BravRiass ofalling | withing the geperic

specific ex 0 i.en d cl rein.
Under no ci ?@%@ﬁg %%gqﬁ,gﬂ rgﬁ 6@5‘?’&%{;&@@% ﬁpgr pre‘{dgg%{lé ﬁglgérf ﬂ?@ggu% any
statement nggeahPYindehtidax Wﬂhnﬁr pro¥isanyr abditfveofifittish Rin %)‘19%11%]&'& he
Patent and Trademark O fice unless such statenent is specitically and

\xrt hout 28 maiter flraat thengenusy aegardless of whethes of ynatdhpt extised matempdssi ve

iting by App nts, e terns and expressions that have been enpl oyed
are used as spgqlh{gal&recgggggqem| on and not of limtation, and there is no

intent in the use Y al ent
of the features sﬁgiwﬁ éﬁr%b(% crl%ggﬁsﬁﬁ%g%@fl@&%aaiere fe?t%d?tg&} %Hrg
recogni zed tfbgthred ajri a:»\,psamltheqm'rérmﬁ é‘é%e@&ﬂ%dbirﬁtermst&ﬂ MatlRhSaemss, of the
invention as claimed. Thus, it will be understood that WO 2006/ 110 4

PCT/ NZ2006/ obee#killedsid the tattdughxqcngmpe thed be imeation imalsaghdéreley desseibedi cal | y

| f
di sl osed Sb %n Rerms 0 eny individual member or subgroup of members of the Markush

group.



enbodi nents and optional features, nodification and variation of the
concepts herein disclosed may be resorted to by those skilled in the art,
and that such nodifications and varia%'ons are considered to be within the
scope of this 5 invention as defined” b’the appended cl ains. The invention
has been described broadly and generically herein. Each of the narrower
speci es angysuRgeneric groupings falling within the generic disclosure also
formpail of the invention. This includes the generic description of the
invention with a proviso or negative limtation renoving any subject 10

matter fromth enus, .regardl ess, of whether or not.the excised paterial is
speci fical by - 8cfisibed peberdne edad Ofémﬁ%%rﬁtfgce&?énﬁmwsﬁn@e?@rga&;%fanﬂglave
clains. | n addjbi I LR\ i re

Geact T bed i n 5 ERY cotiihfnber BEbUGES 0and 30 ARl tmBhol BbmbYER e |

recogni ze that t(® seseing onmlé samml Sembleedakiladés tuidrde dwike | mavirgr s fafoudabye

i ndi vi dual nenber or _subgroup of nbers of the Markush group. -41- CLAIM
1. A method of br eeBiHgoORapsmPrpfilepi gs that are free of infectious

m cr oor gani snms afbﬂpglgﬁﬁ%yﬁéiﬁeﬁvéieﬁ‘(&@’sﬁm&&ﬁinbs?‘fp‘é@ n 0 and 30, said method

conprising the s I'ng mal e an ena uckl and | sl and sw ne
havi ng a favourap?eselmﬁhg(mb | prodicedf by tep (b) tlik thang anfabeurabld rhiergakganfim ne
selected in step (a), (c) selecting pro%eny pr oduced bi step (b) that have a
f avour abl e ni croor gmfiiwlqoﬁBERWeco@ﬁdmﬁl PEFbetwpsn artba); of between 0 and

cenot ranspl ant SPPsRY 5 PREREC B BB el i RSB b B rmitpBabllon, ce o

i nfectious m croorgani sns and have a PERV copy nunber of between 0 and 30
and are of blood group 0 and/or are |acking PERV-C said nethod conprising
the steps: 2(a) Avebtbed of hresding adieed pEpigs thanareiiegrnd infsrtions migiqeeganismsrpddave

favourabl e m groRrPRRHLREY drtewdello 4RI L S B30 O 6 sl Sretoliogs
PERV-C, said method comprising the steps:

(a) selecting male and female Auckland Island swine having a favourable
microorganism profile,

(b) mating male and female swine selected in step (a),

(c) selecting progeny produced by step (b) that have a favourable microorganism
profile and a PERV copy number of between 0 and 30 and are of blood group O
and/or are lacking PERV-C;

whereby the progeny selected in step (c) are suitable for use in xenotransplantation.

3.  The method according to claim 1 or 2 wherein the male and/or female swine of step (b)

and/or the progeny of step (¢} have a PERV copy number of between 0 and 25.

4,  The method according to claim 3 wherein the male and/or female swine of step (b)

and/or the progeny of step (c) have a PERV copy number of between 0 and 20.

5. The method according to claim 4 wherein the male and/or female swine of step (b)

and/or the progeny of step (c) have a PERV copy number of between 0 and 18.

6.  The method according to claim 5 wherein the male and/or female swine of step (b)

and/or the progeny of step (c) have a PERV copy number of between { and 16.

7.  The method according to claim 6 wherein the male and/or female swine of step (b)

and/or the progeny of step (c) have a PERV copy number of between 0 and 14.



(c) selecting progeny produced by step (b) that have a favourable

m croorganism profile and a PERV copy nunber of between 0 and 30 and are of
bl ood group O and/or are |acking PERV-C, whereby the progeny selected in
step (c) are suitable for use in xenot‘ﬂ%mspl antation. 3. The nethod
according to claim1 or 2 wherein the male and/or fenmale swine of step (b)

and/ or the pr qhemnietRbd at&Rd ?‘;)tohﬂmm 3 WEEMnCIBB ¥male Had/or FemiaR! Mﬁ@o@s&'ﬁd(b¥5
4. The method according to claim 3 wherein the nmal e and/ or fenmal e sw ne of

step (b) andaod/or the pregegyof ssb (s}haye ePERNvepyameErRy of bptwasn Bsed 18f bet ween
0 and 20. 5. The nethod according to claim4 \/\herel n the mal e and/or female

i f / t.h f
Dot noen 0Shon 8 e ARkl BB PSR e S4B oRBC R o
femal e sw ne @ﬁd@mﬁp&ggmgwq{eg {c}ﬂlﬁeﬁm@\woﬁnﬁﬁl‘%f o(f%):w&%ﬂ@ @deERV c0py
nunber of between he met hod according to claim6 wherein the

mal e and/or female swine of step (b) and/or the progeny of step (c) have a
PERV copy lunflée ro¢thpdtavessding tandaity 9 whereingthe Thale mm&em@bos’\@mng)f tstepcfbi m

7 wherein the e and/ or f W ne te b or th geny of
step (c) haveaﬁ PERG 5%%?3”&35%8% avﬁ@tpaé%icﬂ%a'ﬁ?ﬂ‘)ﬂi o1y et“ﬁ‘?ﬁ%r?g‘fi%

according to claim8 wherein the male and/or female swi ne of step (b)

and/or thqj rqq&%wet%d %E&ﬂdﬁlg)tohﬂéiﬁl 90 R@%&Wm@wmﬁf/opfm% YRR &s@éﬁdﬂa}o
10. The method according to claim9 wherein the nmal e and/or femal e sw ne’ of
step (b) and/and/ot the ppogryrof step (s} lgye @DERV vepyamPERY of bpyween Ozad 70f bet ween
0 and 8. 11. The nethod according to claim 10 wherein the nale and/or female

swi ne of ep b) / or r of step ( av PE copy nunb of
bet ween 0 rﬂ%ﬁo ﬁgc%él["ﬁ&g “3@ “ﬂ@r%%a Eﬁ}a ?ﬁ @F’@iﬁ%/s )
and/ or femal e aﬁ&‘o?&e%oﬁén?ﬂa %rPEW yoﬂlﬁﬂbferQJf o? befvet b aﬁ@\Se a PERV

copy nunber of or betweén an (é 3 The hod according to claim 12

wherein the mal e and/ or ferral e sw ne of step (b) and/or the progeny of step
(c) have d3PERVMecughiotantnedingftomdtinedh wheeennl the mblk: aridier feeabo swieodrstipn) t o

any one of cla n the f rabl e organismnprofile of
st gp (a) and @%&@f%*@)w%%\rg} I(ﬁbhqyg[a@@pgp)f %%{;n % tv%@ﬂg)s"’ﬂd , | por ci ne
| ynphot rophi ¢ herpesvirus (PLHV), pig cytonegal ovirus (PCW),

(erlgl)oha' OMOCAfl ethod TabSorbANCY ! Gnél 6C@MiIMYST (BCYE. wWheRA | thé SfabolrhBIES

microorganism profile of step (a) and step (¢) comprises no detectable levels of
hepesvirus, porcine lymphotrophic herpesvirus (PLHV), pig cytomegalovirus (PCMV),
encephalomyocarditis virus (EMCV), pig circovirus (PCV), hepatitis E virus (HEV),
Toxoplasma, eperythrozoon, brucella, listeria, mycobacterium TB, leptospirillum,
haemophilus suis, any virus causin.g porcine respiratory reproductive syndrome, any
virus causing rabies, any virus causing pseudorabies, parvovirus, encephalomyocarditus
virus, any virus causing swine vesicular disease, porcine polio virus (techen), any virus
causing hemagglutinating encephalomyocarditus, swine influenza type A, adenovirus,

transmissible gastroenteritis virus and vesicular stomatitis virus.

15. The method according to any one of claims [ to 14 wherein male and female progeny
selected in step (c) may be mated in step (b) to produce further progeny for use in

xenotransplantation in order to maintain the herd.

16. The method according to any one of claims 1 to 15 wherein said method includes
additional screening for particular blood groups to match either a potential
xenotransplant recipient or to match the antigen profile of serum used in in vitro culture

to reduce tissue rejection and/or cell damage by immune reactions.



Toxopl asma, eperythrozoon, brucella, listeria, mycobacterium TB,

| eptospirillum haenophilus suis, any virus causing porcine respiratory
reproductive syndrome, any virus causing rabies, any virus causing
pseudor abi es, parvovirus, encephalonyoégrditus Virus, any virus causing
Sw ne vesi cul ar di sease, porcine polio virus (techen), any virus causing
hemaggl ut itfiat Mhg nesthed badoadiyg ¢a e U, whaveimethe shvineesttartddyimestép (@ adenolblood,
transm ssi ble gastroenteritis virus and vesicular stomatitis virus. 15. The
met hod accor dBFYPt% any one of clains | to 14 wherein male and femal e
progeny selected in step (c) may be nmated in step (b) to produce further

e mot hod Pacags M FACRIGHER ARKFLS Bkl P ARG fRERhie ki plo 4¢

i ncl udes add];ickmgeﬂEEWCEenl ng for particul ar bI ood groups to match either a
potential xenotransplant recipient or to match the antigen profi I e of serum

used in in vitro culture to reducetlssue}{ndtsjectlon and/ or cell %Qg
i mune red8ti g methad aqcprding do giaimol wWaetsingtha §WiRs talesisd Mestoh &) @rfhofi 0

swi ne sel ect eférduﬂ’é @9&\/\}1 gpﬁgh\bbood group 0. 18. The nethod according
ctaim ere

to claim16 o e Swine selected in step (a) are |lacking
PERV-C. 19. The nethod according to claim 18 wherein the swine selected in

step (a) ave qhebhahed agoading @ dlatn d6er Ichimi ITowhizBM-the pRigeny beledred odep %c)
according to claim16 or claim 17 wherein the progeny selected in step (c)
are of bl ood @groRfiplond grpupthe met hod according to claim 16 or claim 17

wher ei n the progeny selected in step (c) are |lacking PERV-C. 22. The nethod

accor di ng 40 ahdlolifcs MRBLERD d BEuRTIRIS WA ERGE e SheiRA! SeAEL PGPl

group O a “are’lac hod accor one
clains | to 2 2reNackiag PERA-E. net hod i ncl udes additional screening for

i mrunogeni ¢ antigens present in cell surfaces to reduce organ, tissue or
cell rejection _or damage in vivo or in vitraq he met.hod accordin

t
cl ai m 23 wWRer ditg mether aoenifing khelaim g iwherein @eﬁom selpsteddnstep (¢) are of bidod
group O and are lacking PERV-C.

23. The method according to any one of claims 1 to 22 wherein said method includes
additional screening for immunogenic antigens present in cell surfaces to reduce organ,

tissue or cell rejection or damage in vivo or in vitro.

24. The method according to claim 23 wherein said immunogenic antigen is an MHC

molecule.
25. The method according to claim 24 wherein said MHC molecule is MHC Class I antigen.

26. A method of breeding a herd of pigs that are free of infectious microorganisms and have
a PERV copy number of between 0 and 30 and in which any PERV present is unable to

recombine to form a PERV variant, said method comprising the steps:

{(a) selecting male and female Auckland Island swine having a favourable

microorganism profile,
(b) mating male and female swine selected in step (a),

(¢) selecting progeny produced by step (b) that have a favourable microorganism
profile and a PERV copy number of between 0 and 30 and in which any PERV

present is unable to recombine to form a PERYV variant;

whereby the progeny selected in step (c¢) are suitable for use in xenotransplantation.



25. The nethod according to claim24 wherein said MHC nol ecule is MHC C ass
| antigen. 26. A nethod of breeding a herd of pigs that are free of

i nfectious m croorgani sns and have a PERV copy nunber of between 0 and 30
and in which any PERV present is unabf &*to reconbine to forma PERV

vari ant, said method conprising the steps: (a) selecting male and fenal e
Auckl and 1291 arthesmiettdhastiontjing tbavlaim &3 evherdic ritheoraggnPERVppodsehteis (thableebi ng
mal e and fenal e swine selected jn step (c) selecting,progeny produced

(),

by step (b) tﬁaqomta%t%f%@dm%ﬁ%wﬁa@ﬁw&m%wubwaws&ﬁa a PERV copy
nunber of between 0 and 30 and in which any PERV present is unable to

recombi ne ~go0 f i o r : d i )
are suitable flg{rerﬂl}gkel&ﬁ@éf\elﬁg% ?ﬂ%lsp aﬁtog? I}ﬁgﬁa@ﬂi&&%@éﬂ%ﬁgﬂﬁ%ﬁﬂ%ﬁ rPaE?%:\gjrtdi&ﬁg
to claim26 wpeesehninttheswiny oPERY (). esent is unable to reconbine to forma
new PERV variant with infectious characteristics. 28. The nethod according
to claim?26 or _claim27 wherein both PERV-A and PERV-C are resent_in the
swi ne of lep (hs)method acereding o dainy 8 B Whigh theoP R Y viarisnt 15 4 PRR R vamanteRy
variant is a PERV-C variant. 30. The nethod according to any one of clains

26 to 29 r ey r..t.enal ] f Q

orogeny of Cot et BFEREREuEiE ary IR & o838 B2 BBl e ils il Femple
met hod accor digagnd 6f ttp{bnad@ontiereogenty RE sepl(€) lane A PERNE sopemgibdrdf Obtvate D

(b) and/or the progeny of step (c) have a PERV copy nunber of between 0 and
20. 32. The meAH@d- according to claim31 wherein the male and/or fenmale

swi ne of step (b) and/or the progeny of step (c) have a PERV copy nunber of

bet ween 0 gnd . d j . [ ' e e
andlor forare Ui mitiod Wfo i ACuBRER0 Mitth e LA Thifor RELES BSCRE
copy nunber ofandtirtReproferingt stép (cPHave FRER¥icHbpg naaber sfitegvden (Cardli 20, 33
wherein the nale and/or female swne of step (b) and/or the progeny of step

(c) have a PERV copy nunber_of between 0 and 14. 35. The nethod_ according to
cl ai m 34 wier efthe wRidodmceordigy tor claiangl evhepgindhoymaly apd/onfemalegwine efheep (b

Er%’ od” accor ai g i Eed R RN MR b REPEE R PA fis ST5,

33. The method according to claim 32 wherein the male and/or female swine of step (b)

and/or the progeny of step (c) have a PERV copy number of between 0 and 16.

34. The method according to claim 33 wherein the male and/or female swine of step (b)

and/or the progeny of step (¢} have a PERV copy number of between 0 and 14.

35. The method according to claim 34 wherein the male and/or female swine of step (b)

and/or the progeny of step (¢) have a PERV copy number of between 0 and 12.

36. The method according to claim 35 wherein the male and/or female swine of step (b)

and/or the progeny of step (c) have a PERV copy number of between 0 and 10.

37. The method according to claim 36 wherein the male and/or female swine of step (b)

and/or the progeny of step (c) have a PERV copy number of between ( and 8.

38, The method according to claim 37 wherein the male and/or female swine of step (b)

and/or the progeny of step (c¢) have a PERV copy number of between 0 and 7.

39. The method according to claim 38 wherein the male and/or female swine of step (b)

and/or the progeny of step (¢) have a PERV copy number of or between 0 and 6.



and/ or the progeny of step (c) have a PERV copy nunber of between 0 and 10.
37. The nethod according to claim 36 wherein the nale and/or fenmal e sw ne of
step (b) and/or the progeny of step (¢) have a PERV copy nunber of between
0 and 8. 38. The nethod according to cfaim 37 wherein the nale and/or fenmal e
swi ne of step (b) and/or the progeny of step (c) have a PERV copy nunber of

bet ween 0 4and The m&hod iama%?qd el OB Hivgrdi® tied aale AR/ whiild sivie dafalted (b)

and/or femal e swine of step (b) and/or_the progeny of step (c) have a PERV
copy nunber ofingier eprregany®L sieh (6) haves PERY copenyabeied bawwesndiadd X o cl ai m 39
wherein the mal e and/or female swine of step (b) and/or the progeny of step

(c) have oPERYCORMUINALARE REUPHD Btlaie 98 (o6 URLNAY dECALARg. | ©

any one of ¢l aimns rel he™f avour € mcroorgani sm

step (a) and shiePotghise RefilRest RRpdel) egidabiep qc¢\&h@r@és nbe passhableslevgdorofi ne
| ynphot r ophi ¢ _herpesvirus (PLHV), pig cytonegal ovirus (PCW), )
encephal onyocdegesvirgs,\Horese HEnpbgirophicdiempasvisis i1\ peig cytamggalpying @CMYus

et bspi 111 bitcemao R G MY, bl BF R ERREY SRR,

reproductive syRdpRERa, 3PYrythtbZod, ARFUSIIRY 1istdiae SmyedhacieinthS TR Sphdpirillum,
pseudor abi es, parvovirus, encephafonyocardltus virus, any virus causing

swi ne vesi cul drempplibsesuipanyi vicuspelusimgvpareive (respitatary  repregusti veusyndromss iany
hemaggl uti nati ng encephal onmyocar.di tus,. swi ne influenza.type A , adenovir.us,
(r anan ssi bl e WASCROUNE BPI S 1iRs AinE Peretbine BREmarY rucrirosmtts, .
met hod accor di\igist AyaNMisUaBsifE st ViBicalr HReAR, an‘é'ﬂbli@iﬁs qfdhdr BlySyirus
progeny selected in step (c) may be mated in step (b) to produce further
progeny for useusing hxmaggintmsimgaencepliabomyovaohitisy swine nafluenaa iyped &, hdembvirdg.
The met hod accor di ng. Leg anﬁ one.of, clai,ns .26 to 41 wherein said nethod

i ncl udes addifAnSHLFible gastps et YirysAnd i VesiF AT BPgitiystos to match either a

potential xenotransplant recipient or to match the antigen profile of serum

used in imyyitrg rﬁi{lib&' _%_ﬁcgr(‘]iﬁg RS UM Bnd bEQHENS B3 RCA] RReRRfimale £R fermdRFRGENY

i mmune reactions. . met hod "according to claim43 wherein the swhe
sel ected in stseleced)inastep Of) hhpbdd maedap s@&p @5 .to Threduret futtierapmgenly fiag wse in

claim43 or claim44 wherein the swine selected in ste a) are |ackin
PERV- C. xenotransplantation in or@ler 0 mgmta?n {he%ercg P (a) 9

43. The method according to any one of claims 26 to 41 wherein said method includes
additional screening for particular blood groups to match either a potential
xenotransplant recipient or to match the antigen profile of serum used in in vitro culture

to reduce tissue rejection and/or cell damage by immune reactions.

44, The method according to claim 43 wherein the swine selected in step (a) are of blood

group O.

45. The method according to claim 43 or claim 44 wherein the swine selected in step (a) are
lacking PERV-C.

46. The method according to claim 45 wherein the swine selected in step (a) are of blood
group O and are lacking PERV-C.

47. The method according to claim 43 or claim 44 wherein the progeny selected in step (¢)

are of blood group O.

48. The method according to claim 43 or claim 44 wherein the progeny selected in step (c)
are lacking PERV-C.



46. The nethod according to claim45 wherein the swine selected in step (a)
are of blood group O and are |acking PERV-C. 47. The nmethod according to
claim43 or claim44 wherein the proge selected in step (c) are of blood
group 0. 48. The method according to claim 43 or claim44 wherein the
progeny selected in step (c) are lacking PERV-C. -46- 49. The net hod

accor di ng49.0 Thameatdd asbendaignotchemptiogheryinsthe eedgedy selectédn {tep (Are afbldddood
group 0 and are | ackipng PERV-C. 50. The nmethod according to any one of
clains 26 to 2Qupfband FedagkingBERYd i ncl udes additional screening for

i munogeni ¢ antigens present in cell surfaces to reduce organ, tissue or

col | re] oghi 0900, JAIPAR Ak Qe Tork AR 2610 AANAHIBENAH FRAGICAALE

cl aim 50 Wherérn 'sald I nmrunogeni c” an en1s an

met hod accor dadijtiérl etraening Ionviimn@iogesiaiadtifére predeacinl clli sir¥s trekise brgan,
antigen. 53. One or nore pigs produced by a nethod according to any one of
claims | to 58ssusqr catheeiestionsr dappgpsinfiweoIgn Vithd-ect i ous ni cr oor gani sns and
havi ng a PERV copy nunber of between 0 and 30, wherein said one or nore

pigs are prod c i e ' Se ' nd
femal e AuSk aﬁggﬁré‘?%%‘g aﬁ&%ﬁe‘gﬁé’v@ﬁ%ﬂ 20 Qg%%@a @éq‘*ﬁn“%‘@%&%a{%ﬂ B B? oaﬁii}ﬁel,@( b)
mati ng mal e ap@ldealal e swine selected in step (a), (c) selecting progeny
produced by step (b) that have a favourable mcroorganism profile and a

PERV copy nunber of between 0 and 30 and one of bl ood group O and/or are
| acki ng PERv- Che sBthodrpecordinggpelaingd wheseinsaidi MbScmplegales g’ﬂiféﬁé@ﬁﬂ amtigeand
havi ng a PERV copy nunber of between 0 and 30 and in which any PERV present

is unable.to (e ine tq fo varl ' id o nor e
pigs are Sﬁ'odggégp%f %P ngﬁoo({é&c%%giﬁs?ﬁ?g Cﬁ‘g\mﬁsgt%%g&%bg?fg@q%scr fon%r' mal e and
femal e Auckl and | sl and swi ne having a favourable m croorganismprofile,

54, One or more pigs free of infectious microorganisms and having a PERV copy number

of between 0 and 30, wherein said one or more pigs are produced by a method

comprising the steps:

() selecting male and female Auckland Island swine having a favourable

microorganism profile,
(b) mating male and female swine selected in step (a),

{c) selecting progeny produced by step (b) that have a favourable microorganism
profile and a PERV copy number of between 0 and 30 and one of blood group O
and/or are lacking PERV-C.

55.  One or more pigs free of infectious microorganisms and having a PERV copy number
of between 0 and 30 and in which any PERV present is unable to recombine to form a
PERV variant, wherein said one or more pigs are produced by a method comprising the

steps:

(a) selecting male and female Auckland Island swine having a favourable

microorganism profile,
(b) mating male and female swine selected in step (a),

(c) selecting progeny produced by step (b) that have a favourable microorganism
profile and a PERV copy number of between 0 and 30 and in which any PERV

present is unable to recombine to form a PERV variant.



(b) mating male and fenmale swne selected in step (a), (c) selecting progeny
produced by step (b) that have a favourable mcroorganism profile and a
PERV copy number of between O and 30 apgl_in which any PERV present is
unable to reconbine to forma PERV variant. -47- 56. One or nore pigs free
of infectious mcroorgani sns and having a PERV copy nunber of between 0 and
30 and of 561 oétegrronprepign fice of infestiony nHeRerganisiseind; heving yPERY eapy mspher

pi gs are produged b t.hod .c risin he st : ehect | e d
femal e Auckl Al BPETeER g 35@43 e"‘“ﬁa"gﬁ%"dﬁf?‘%/§ﬁ‘§§9r§§°imé€%%?§gn| ]_iérrng%rséa) g )
nmating mal e a%@or&?f?'a@eﬁﬁﬁdﬁ@ccﬂﬁl@ﬁkﬁﬁd'cﬂ tisiBg (@ steffse) sel ecting progeny
produced by step (b) that have a favourable mcroorganism profile and a
PERV copy nu”be][(a)Ofse@gﬁﬁ(%%alQ ahe Bhale "AudRMndOTsIFR] Esvh 2hsvin '§5%§§ur915le
cells isolated f'rfom one “or nore pigs produced by the nethod atcording to
any one of clainms icfodZanissherafile) sai d organs, tissues or cells being free
of infectious m croorgani sns and having a PERV copy nunber of between 0 and

30, and are par gbp%@efdgxnﬂeiah@mz@alé%nfersaleéﬁhﬁﬂétais {@n into a xenogeneic
subj ect, including a Auman subject. 58. One or noré organs, tissues and

cells according I J n j L

one. or mor e pi oSt L sEleBh BogeRPpRidied BTNy e/ TS o PhOSebBRIEIBI
organs, tissues angréfilelaad aPBRVcogy tndnlsraif Betvéen D ah8 39l ect ed or isol at ed
fromthe group consisting of liver, lung, heart, brain, pancreas, nuscle,

bl ood, bone, testes or ovary. 60. One or nore organs according to claimb59
wherein said one or nore organs are suitable for whole organ

xenot r anslant g gnapd cAlfe SELEAL S9.dIkUBILOT P YR GRNR:E LA Ak e

| ung or he Nore (1 SSues el I's"accordi ng
sel ect ed frommhéBod)aedtRding G0 HngtdriefaflaiRsnC ke8] Whergietsd oRepat KBMELs: cells
non- parenchymal liver cells, gall bladder epithelial cells, gall bl adder

ﬁndot hel i al cleheirg, fl’ﬁl Tféniéﬂﬁﬁt)“fle@iqfﬁ@gﬂléfméémd a,wlim a@%ﬂéff;py e of betvege (| s
cett's, “chor or ¢ o B B8Pl RRGE HEIPepARERL St Eftnetei bR |

cell's, or nusgh&uding a human subject.

58. One or more organs, tissues and cells according to claim 57 isolated from one or more

pigs, wherein said one or more pigs are neonatal pigs of from 7 to 21 days old.

59. One or more organs, tissues and cells according to claim 57 or 58 selected or isolated
from the group consisting of liver, lung, heart, brain, pancreas, muscle, blood, bone,

testes or ovary.

60. One or more organs according to claim 59 wherein said one or more organs are suitable
for whole organ xenotransplantation and are selected from the group consisting of liver,

lung or heart.

61. One or more tissues or cells according to claim 57 or 58 selected from the group
consisting of pancreatic islets, hepatocytes, non-parenchymal liver cells, gall bladder
epithelial cells, gall bladder endothelial cells, bile duct epithelial cells, bile duct
endothelial cells, hepatic vessel epithelial cells, hepatic vessel endothelial cells, sinusoid
cells, choroid plexus cells, fibroblasts, Sertoli cells, adrenal chromaffin cells, or muscle

cells.



cells. - 48 62. An inplantable conposition conprising at |east one isolated
pig organ, tissue or cell according to any one of clains 57 to 61 together
with a pharmaceutically acceptable canpgier. 63. The conposition according
to claim62 further conprising feeder cells such as fibroblasts or Sertol
cells isolated fromone or nore pigs produced by the method of claim1. 64.
The use of 6at Aeasiplanable somapostion cgmprising 96 lmsbone sblatéds pigatrgein, ftisswe oneelbr
nore pigs produce b¥ t he met hod .acc rdi&g t 0. any .one Bf claims | to 5 !
said organ, ti&&QElRg o 2By np G flaims o 19501 inesther S HipBpTRAcg YRl NEccepiple
having a PERV ggpy, number between 0 and 30, in the preparation of an

i npl antabl e conposition or device for treating a patient suffering from or
predi sposed to a di sease, disorder or condition associated with a

defi ci ency6Bn @he alosgrsiionf agrogding ftonclainon62 dbrthékh eompesiag cleedtirngeltsosuwhaam
64 wherein the_at |east one isq]ated organ, tissue or cell i i solated from
a neonatal pi gﬁglrobi%nqwfwhzaeﬂaé atgfl JTOTS B1C 9 G107 DHIBRUCAG e cneiiod 65
wherein said dgfjfgiiency or absence is in or of liver function and the

i npl ant abl e conposition conprises hepatocytes, non-parenchymal Iliver cells,
gall bl adder cells, bile duct cells, hepatic blood vessel cells or sinusoid
cell's. 67. 64dheTus&is@of at ddasyoh® ivlatdoganwigueion celiidoldret i feare gy @rmadksgpse

is in or of pancreatjc function and. the inplantable conposition conprises
pancreatic i sl gtoduesd By tssmethed agserdiigcdieraay mpctdd daimism b5 ik pigasaisgue or

def i ci ency o QUEENES fed of thidkidhl viBSHEAhAMsCAld Y 4 BERYWbol MnlubPbANEEPD! ©
conposi tion conprises chorol d plexus celTs.
0 and 30, in the preparation of an implantable composition or device for treating a
patient suffering from or predisposed to a disease, disorder or condition associated with

a deficiency in or absence of organ function.

65. The use according to claim 64 wherein the at least one isolated organ, tissue or cell is

isolated from a neonatal pig of from 7 to 21 days old.

66. The use according to claim 65 wherein said deficiency or absence is in or of liver
function and the implantable composition comprises hepatocytes, non-parenchymal

Jiver cells, gall bladder cells, bile duct cells, hepatic blood vessel cells or sinusoid cells.

67. The use according to claim 65 wherein said deficiency or absence is in or of pancreatic

function and the implantable composition comprises pancreatic islet cells.

68. The use according to claim 65 wherein said deficiency or absence is in or of

neurological function and the implantable composition comprises choroid plexus cells.



