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1 .. MODI FI ED BI OLOG CAL MATERIAL 2 3 This invention renge
blologlcally conpatible 4 material for use in'transplants, and to t
production 5 and use of such material. 6 7 The repl acenent of failed or
faulty aninmal 18 (particularly hunman) tissye, including organs, has over 9
the | ast four decades beconme a conmmon place therapy in 10 clinical
medi ci ne. These repl acenent theraples range 11 for.  ~exanple fromthe

use of thty polyethylene 12 : ¢, waeehTARe trade nark
DACRON by 1% DuPont to repair Y e use of 14
saphenous vé&in. as an autograft to by-pass blocked 15 arteries and to the
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relatively sodeand?iisecadt such HMateddmdnd for organ transpl antation has 22
I ncr eased r§p| dly. There are now nore than 20,000 23 organ transpl ants
per annumcarried out worldw de. 24 This, however, represents only

approxi mat e?y 1T™%hef replocemedt aof asbaided b9r cfiawdttycrandmal

The 26 supply/ c;ﬂ%ﬁg ‘ﬂg}gr ré%i? f 27 0 met
from exi sti ng sgﬁrces XOI S = St C}_ @ldc}i[[xﬁt ra dsvm ?ﬁg bvee
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Barnard ind967c34 nigenemddie £0851 dehaldle® ¥ é‘:@é’ﬁfaﬁﬁera\ﬂiéﬁ Nranyear,
31 101 heart transllants had been erforrre in 22 ntries_. b 64

di fferent 1Burgfes e(’é%mﬁl%3 TPy, IFBGl oMfdht Ilftﬂ\Ed PH ¥RERYIARE: s
obtained sp;  terephthalate sold under the trade mark DACRON by

13 DuPont to repair faulty blood vessels to the use of
14 saphenous vein as an autograft to by-pass blocked
15 arteries. and to the transplantation from one human to
16 another of a heart.

17 '

18 Organ transplantation has undergone significant
19 development with modern immunosuppressants allowing
20 high success rates to be achieved at relatively modest
.21 cost. The demand for organ transplantation has
22 increased rapidly. There are now more than 20,000
23 organ transplants per annum carried out worldwide.
24 This, however, represents only approximately 15% of the
25 need as assessed by current criteria. The
26 supply/demand ratic of donor organs of all types can
27 not be met from existing sources. This is perhaps best
28  illustrated with the demand for heart transplantation.
29 The first heart transplantatioh by Barnard in 1967
30 generated considerable press coverage. Within a year,
31 101 heart transplants had been performed in 22
32 countries by 64 different surgical teams.
33 Disillusionment followed the poor results obtained so
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2 1 that by the ‘early 1970s fewer than 30 transplants per 2 year were
bei ng perforned worldwi de. The introduction 3 of cyclosporin

| mmuno- suppressi on, however, . has 4 revolutionarised heart

transpl ant'ati on so that nost 5 centres can now anticipate success rates
for heart 6 transplantation of nore than 80% one year graft (and 7
patient survival). As expertise is gaingdd, this 8 survival rate can
‘reasonably be expected to increase 9 further. The success of this
procedure, of course, 10 fuels denmand so that the nedical profession and
the 11 generaihatpuﬂ:d(lthebeam 19510s fewer thant IO0hd&ganspbants per
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Langerhania cellore and more patients are referred for the procedure.
14 Currently, over 2,000 heart transplants per annum are
15 performed. '
16 .
17 Today, the greatest risk of death in heart
18 transplantafion is while waiting for a suitable donor
19 organ to become available. While the artificial heart
20 offers a short-term support device for these patients,
21 long-term demands are for more heart transplant centres
22 and a greater donor supply. The potential number of
23 individuais who might benefit from cardiac
24 transplantation has never been scientifically
25 established, but published estimates of the need for
26 heart transplantation have ranged widely between 50 and
27 250 people per million per year.depending on selection
28 'crite:ia, age of recipient, disease and so forth.
29 Whatever the actual figure may be, it is quite clear
30 already that current donor supply options are incapable
31 of meeting demand. Similar comments can be made for
32 kidney and liver transplantation, and it seems likely
33 that once pancreas br Islet of Langerhans cell



3 1 transpl antation becomes a wi del y-accepted therapeutic 2 procedure

for the treatnent of diabetes, shortage of 3 this tissue will also becone
a prinme concern. 4 5 There are further disadvantages wth. current
6 transplantation therapy. It is by no neans always the 7 case that

donor organs are fit for wuse in. 8 stransplantation, not |east
because many organ donors -9 are thenselves victinms of sone accident (for
exanple, a 10 .road accident) which has caused death by injury to sone 11

organ oth th@fa{qg Bl aftla®l drd B@ééﬂeérér‘%& gﬂ%cc tebo\“:ﬁ\é%’apedﬁﬁe may

be sone. addition rnjury to or 1 associ ate dlfflCU|t¥ g
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unpr edi ct abl e eps| ehskuéywdil d¥soobgesmel aoprdarocsnceraspl ant surgery
often can not be 18 scheduled as a routine operation involving theatre

time 19 %ooked some while in advance. Al'l too frequently, 20 surgical
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11 organ other than that which is being transplanted:
12 however, there may be some additional injury to or
13 associated difficulty with the organ to be
14 transplancted.

15 | |
16  Further, because of the unpredictable availability of

17 organs freom donors, transplant surgery often can not be
18 scheduled as a routine operation involving theatre time

19 booked some while in advance. All too frequently,

20 surgical teams and hospital administrators have to

21 react the noment a donor organ is ident_ified and work

22 unsocial hours, thereby adding to administrative and

23 personal difficulties.

24

25 In the case of heart, liver and lung transplants, if

26 rejection is encountered it will not usually be

27 possible to retransplant unless by chance another
28  suitable donor becomes available within a short space

29 of time.

30 '

31 Apart from the above medical difficulties, current

32 transplantation practice can in some cases involve

33 social difficulties. In the first place, there may be



4 1 religious objections to renoving organs frompotential 2 donors,
particularly in cultures believing in 3 reincarnation. There are of
course other ethical and 4 social difficulties encountered in renoving
organs from 5 dead humans, particularly as consent is required in 6
sonme countri es. Finally, the appearance of a 7 comercial trade in
l'ive kidney donors is causing 8 concern/4particularly in certain third
world countries, 9 and it mould be socially desirable to suppress or 10
reduce suc [ ogg,h S ti _
outlined agovekeigsmu% h th%% | sa agesm;'{ﬂ% Pkgghtghefgt& g?ﬁ%’&ﬁon
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supply, ab 189Céat| RAEG-CabEYES eRCPUATRESI His TGV O
possi bility Ofdaahnmai@zmrafga&mrtﬁxw ? agt atdwsent 2Gs Xeaquhiged ngni s

t he generic term conmnon used i npl ant ati on of tlssu S,
i ncl udi ng Tel | SOMK GP@’éh'%‘-le& aCIFds"s,a %Xci ersmb%r ARPEATANCS, OF @ ¢

have al reafly bggmmee¢dadl exadrl esn ofivdée mnspceﬁmﬂw e cfausimprafts
I n therapeutic replacenent 26 .scheduyles.  For 611? M have
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. repl ace vein raft t hese xenografts have, however, one
point in mm’r':ue ?Wé{’ 5”86?‘5% a nechani cal replacenent only. The
ti ssue 321 used is biologically non-functional. The reason for 33 this is

that the jJmung, oy 9688851 e84+ 3hifPahPal®Bn surgery, as outlined above
| 13 with its disadvantages, J.nvolves the transplantation
14 from one animal of a particular species (generally
15 human) to anocther of the same species. Such
16 transplantations are termed allografts. Because of the
17 difficulties with conventional allograft supply, as
18 outlined above, attention has focused on the
19 possibility of using | xenografts in transplantation..
.20 Xenografting is the generic term commonly used for the
21 implantation of tissues, including cells and organs,
22 across species barriers.
23
24 There have already been .several examples of the
25 successful use of xenografts in therapeutic replacement
26 schedules. For example, recent years have witnessed
27 the use of pig tissue for aortic valve replacement, pig
28 skin to cover patients with severe burns, and cow
29 umbilical vein as a replacement vein graft. All of
30 theee xenografts have, howe_ver, one point in common:
31 they provide a mechanical replacement only. The tissue
32 used is biologically non-functional. The reason for
33 this is that the immune processes existing in man



1 imediately (within mnutes or hours) destroy the 2 <cellular integrity
of tissues fromnost species. Such 3 xenografts are known as di scordant
xenografts. 4 5 The ferocity of this destruction is phylogenetically 6
associated. Thus, tissue fromthe chinpanzee, which is 7 a primte
closely related to man, can survive in man_in 8 nuch the sanme way as an

all ograft; such a xenograft is 9 known as ® concor dant xenograft. 10 11
‘While it may be thought that concordant xenografts 12 night provide the

orohen b SRS (i eATa. dal ARE Sk S hNES), nbHpiinpme
the case of Kidneve. the Ty be Aueccomn ot L oBop ant i g tuo
“chi rrpanzee3ki dﬁé&gg%%rtgp?gc%e% %%ai%%t %Yec#]zg%éf‘g‘%f IOf or i 8er and
_Bear é tlhi s4is 19 clearly not aI possibility. Furthernore, chinpanzees 20
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therefore gr ef{aﬁgé.«écliasog cgha\%ﬁ.&ggg xggggﬁgmr afts. It has been comonly

bel i eved that reason I scor t xenografts fail so rapidly, is
.32 the é@stence in the recipient species of "naturally 33 occurring"

anti bodi eg) agagRsl eaSiy ChnayNdBhi ARt IXPat concordant xenografts
12 might provide the answer to the difficulties with
13 allografts, in practice this is probably not the case.
14 Chimpanzees are much smaller than man and chimpanzee
1s organs are generally not big enough to work in man. In
16 the case of kidneys this may be overcome by
17 transplanting two chimpanzee kidneys to replace a.
i8 failed human kidneys, but for liver and heart this is
19 clearly not a possibility. Furthermore, chimpanzees
20 breed slowly in nature and poorly in captivity, and the
21 demand fcr chimpanzees 'as experimental animals
22 (particularly in the current era of research into
23 Acquired Immune Deficiency Syndrome (AIDS)) means that,
24 yet again, demand is outstripping supply.
25 Additionally, there may be some social difficulty with
26 the public acceptance of the use of other primates as
. 27 xenograft.dcnqrs.

28
29 Attention has therefore refocused on discordant

30 xenografts. It has been commonly believed that the
31 reason why discordant xenografts fail so rapidly, is
32 the existence in the recipient species of "naturally
33 occurring” antibodies against as vet undefined antigens



"1 of the donor speci'es (Shons et al (Europ. Surg. Res. 5 2 26-36 _
(1973)). The antibodies are called "naturally 3 occurring" because they
are found to exist in 4 individuals who have not had any i munol ogi cal

5 chal l enge fromthe donor speci es. 6 7 The rapid rejection - known as
hyper acut e anti body- 8 nediated rej ection - of an organ graft is well
9 docunent ed. In the early 1960s, ng (allograft) 10 kidney

transpl antati on becane a routine treat rrent it 11 was observed that
transpl anted kidneys were 12 occasional I y rejected by the reC| pi ent
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begin in tbBe fichallzhged cirom rueedanorsspEdiEs s ranspl ant ati on. When this

22 occurs, the kidney becones bluish and patchy and then 23 congest ed.
The con5|sFency of the organ is also 24 altered. As a rule, the graft

" becones oe@enaffings, rapids rajeatiqn odudkriawn oasurhyperacute antlbody-
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in 31 allografting |stoc ore transplantation that ere are
no anti bodtes Wa§ stqlPiﬁeirnV?ﬁe £8a Bi eﬁ%‘aSBSPd-gaaﬁ!EﬁdtH%léé‘rﬁ)YsceVﬁe W t h

increasediknovbeda® i¥nally rejected by the recipient whilst the
13 operation was still in progress. During a transplant
- 14 operation, the kidney will as a rule become red and
15 firm in consistency soon after the vessels of . the
16 recipient and donor are sutured together. Such
17 transplants often produce urine almost immediately. In
18 the form of rejection where the graft is destroyed
19 while the patient is still on the table (hyperacute
.20 rejection) the destructive processes begin in the first
21 few minutes or so after transplantation. When this
22 occurs, the kidney becomes bluish and patchy and then
23 congested. The consistency of the organ is also
- 24 altered. As a rule, the graft becomes cedematous, no
25 urine production occurs and the newly~transplanted
26 kidney is then immediately removed. It has become
27 clear that a humorally-mediated immunological response
28 between preformed circulating antibodies in the
29 recipient and antigens in the donor kidney are
30 involved. The only way to avoid its occurrence in
31 allografting is to check before transplantation that
32 there are no antibodies existing in the recipient
i3 against the donor cells. With increased knowledge of



7 1 testing for such antibodi es (known as the cross natch) 2 it has
~becone clear that this generalisation that 3 antibody in the recipient
reacts agai nst -antigens in 4 the donor is not true and that hyperacute
graft 5 destruction, when it involves transplants between 6

i ndi vidual s of the sane species is restrlc,ted to the 7 existence of
specific sorts of antibody khown as T-warm 8 positive cross-match; and
al most certainly these 9 antibodies belong to the IgG subcl ass.

Further more. - 10estigelase g plad isca AL bodben alodity '&bd Spleom @ 11
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However , e resul concl Usive,
13 pregnancy or, most commonly, as a result of a failed

14 previous -transplant.

1s _

16 The mechanism for hyperacute xenograft rejection has
17 iargely reen thought to be much the same as the
18 mechanism for hyperacute allograft rejection, as
19 outlined above. The literature on the mechanism of
. 20 xenograft rejection is extensive, stretching back some
21 83 years. During that time, only three publications
22 appear to have suggested a mechanism for xenograft
23 rejection which does not involve antibodies. The
24 suggestion was that the alternative pathwair of
25 complement activation was implicated in xenograft
26 rejection (although not necessarily using such
27 terminology). The suggestion first appeared in 1976 in
28 a paper by Schilling et al (Surgery, Gvnaecoclogvy and
29 . Obstetrics 142 29-32 (1976)). The suggestion was made
30 again in 1988 and 1989 (the same data were published
31 twice) by Miyagawa et al (Transplantation 46(6) 825-830
32 . (1988) and T.ansplantation Proceedings 21(1) 520-521

a3 {(1989})). However, the results were not conclusive,



8 1 because both these experinents suffered from 2

‘- substantially the sane fault. The nodel chosen is 3 clained by the

' authors to be a xenograft nodel in which 4 cross-species antibodies did
not exist. However, it 5 now -appears that the assays used to

det ect 6 cross-species antibodies were inadequate, and that the 7

I nferences drawn in these papers were based on 8 i nadequate data.

9 10 Most neasures currently taken experinentally to avoid 11 or reduce
uticallly interfering
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Thi s i nventd on t al nt ch i gst e
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conponents of the recipient's | nmune system
preferred @nbod:f-m‘éua‘!:ﬁed%%or tissue 28 itself is m)dlfled to appear
|mTunoI og| @lly to the 29 recipient to be self in certain respects. 30 31

al s been discovered that peracute 32 xenograft rejection
| s not negt.pssar}?‘??t TRRSHE&Y- %r%%tﬁﬂ%enTﬁP‘?e&'ﬁ%##% taoavoid

observati @is. dtrsteduce rejection in xenografts involve
12 - chemotherapeutically interfering with the recipient’s

13 immune system, iargely on a non-specific basis for

© 14 example with cyclosporin A and other

15 immunosuppressants, by plasmaphoreses, by treatment

16 with cobra venom factor, Staphylococcus protein A
17 absorption of antibody and so on. This approach

18 naturally follows from the chemotherapy that supports
19 allografts..

20 | |

21 This invention adopts a radically different apprbach:
.22 instead of non-specifically interfering with the
23 recipient’s immune system, the invention enables to co-
24 administration of material which has the effect of the
25 donor graft being regarded as self by certain
26 comp_onem:s' of the recipient‘s immune systemn. In
27 particularly preferred 'embodime:_u:s, the donor tissue
28 itself is modified to appear immi;nologically to the
29 recipient to be self in certain respects. '

30 |

31 It is has also been discovered that hyperacute
32 xenograft rejection is not necessarily antibody-
33 mediated. This arises from two observations. First,



-9 1 n the absence of antibody but the presence of 2 conpl enent ,
hyperacute rejection is observed: secondly, 3 in the presence of antibody
but the absence of 4 conplenent, no hyperacute rejection is observed. 5
6 The invention is based on the discovery that conplenent 7 activation is
pre-em nent in the hyperacute destruction 8 of a xenograft whether or not
-such activation is aided 9 by the bindiﬁb'of appropriate anti body

nol ecules. 10 Activation of the alternative pathway of conplenment can 11

be induced by a varlety of . caII roduct s products are
restricted to 'ffor i c‘gﬁl sam’iﬁb°§¥ch%é’§' bﬁ‘teer P %7e Qgﬁogf’gfts

but exi st on m@mbxgﬂégh ﬁy@efauuxelrgj§¢ﬁtumnfs dbbsgreedit ssetondly,

i ndi vi dual. couyl d 5 activate th | f n

~causing 946 Hﬁ‘ssit%‘& atﬁroeﬁ?r“ﬁﬁe %ﬁégg dﬁ; %@{%& oe%@{r}gge &?
happen i§ duecmpliemeni stcerhyq:ena‘cung meﬂmtmn is observedent

domn-regugatlng proteins naturally present 19 in serun1and on the surface

of cells.” These nol ecules 20 (referred to herein as "honol ogous

conpl eneng 2Ther dsiventtiiom ifsadtased’ )Orpmmlswmm% gempiemepk 22

of self c I ers I r way b
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13 such as bacteria or xenografts but exist on many cells.
14 Thus, in principle, many cells of an individual could
15 activate the alternative pathway of complement, causing
16 massive auto-immune destruction. That this does not
17 happen is due to the existence of a number of
18 complement down-regulating proteins naturally present
19 in serum and on the surface of cells. These molecules
20 (referred to herein as "homologous complement
21 restriction factors") prevent the compleze activation
2 of self complement either by the classical or
23  alternative pathway by the products of self cells, thus
24 preventing the auto-immune destruction of self. The
25 funcrtioning of such molecules is elegantly illustrated
26 in paroxysmal nocturnal haemoglobinuria. In this
27 disease, the membrane anchor of at least one of these
28 molecules (decay accelerating factor) is absent. Thus,
29 the protein is not retained in the erythrocyte cell
30 membrane and detaches from the cell, which activates
31 the alternative pathway of complement and is then lysed

32

32 thus causing haemoglobinuria.



10 1 Accordi ng'to a first aspect of the present invention, 2 there

i s provided a.nethod of transplanting aninal 3 tissue into a recipient,
: wherein the tissue is derived 4 froma donor of a different species from
" the recipient, 5 the donor species belng a di scordant species with 6
respect to the recipient, the nethod co I Si ng 7 grafting the tissue
~into the recipient and providihg I n 8 ociation with the grafted
ti ssue one or nore 9 honol ogous conplenent restrlct|on factors active in
the 10 reC|p|ent species _to pravent the co activation, of 11
conpl enent .1 12 AQCSFRINGLER A | QEP%E%d R PTERRNY | LayeshifBans 14

anyI bijol ogixal tmeesidls t%alabvu.ﬁedapabmw::d)fawg ﬁ?anSphaanl:mgF}esh;}ﬂnﬂl

i ncl udes organ especi a .16 __pnternal .vit such.the art,
ng. 1 ver andiEeig they 4 befiplanty HhARsaH he JHlNe °L5 neR oy egl, 1
vessel s and ot rﬁarun:cmninnomeaf i dkf fawdnts speciels nfra® tbéondcapnient, .
haenat opoi et i c e fs n 20. | el ' cel from
endocr.i ne and o %&ngo% ng% 187 gggggn g‘glfgégﬁggg %ﬂﬁggl Iw%?hwhi ch
may be 22 scand:edapestf ototrmplm:apn.enﬁ,r onthee methods l:omiﬁ'lsa::wgher.

. 24 25 A "disc : s ' i sed)
- xenograft from |cu§£ E‘teh%e réé%el %’gér%f%? #%%‘?’yﬁ‘gl v%&%q e 0 a
hyper acut e 8r ej msmzamorx had Ghs F@esag‘rlaéfe%ﬁl HiSBURI ORLNUOES BAT@OUr S
and 29 nop dayppdiddis ciRpllitnt st 2% on #dMors aEiveOin the

hyperacute rejections wll be well known to those 31 skilled in the art
and ay tak@ pl é'@@%ﬂi-%é@%eﬁzt%ﬂ}'&’enﬁrﬂlﬁ @W%e ACETEAtiFRILEL one

hour aftef133 cbﬁ@l%ﬂie@&t ation.

12 _
13 The word "tissue" as used in this specificat'ion means
14 any biological material that is capable of being
15 ' transplanted and includes organs (especially the
16 internal vital organs such the heart, lung, liver and
17 kidney, pancreas and thyroid) cornea, skin, bloecd
18 vessels and other connective tissue, cells including
19 bloed and haematopoietic c_elis, Islets of Langerhans,
20 brain cells and cells from endocrine and other organs
21 and body fluids (such as PPF), all of which nay be
22 candidates for transplantation froin cne species to
23 another. '
24 .
25 A "discordant species™"® is a species a (generally
26 vascularised) xenograft from which into the recipient
27 would normally give rise to a hyperacute rejection,
28 that is to say rejection within minutes or hours and
29 not days (Calne ITranspliant Proc 2:550, 1970). Such
30 hyperacute rejections will be well known to those
31  skilled in the art, and ay take place in under 24
32 hours, under 6 hours or even under one hour after

33 transplantation.



1 Conplenent and its activation are now well known, and 2 are described
in Roitt, Essential Immunology (Fifth 3 Edition, 1984) Blackwell

Scientific Publications, 4 Oxford. The activity ascribed to conpl enment
(C) 5 depends upon the operation of nine protein conponent s 6 (C1
to C9) acting in sequence, of mhlch theciérst .consi sts of three major
sub-fractions terned Clq, Cr and Cbnplenent can be activated
by the classical 9 or alternatlve pathmay, both of which will now be 10
briefly descriQed In,the c sic at may ant i body binds to,6C
whose 13" 0 s SebaheRelt Ao e PR EkaRackialE ol Dbl bniuth ma e
activati or® andareamidseribedi ias Roithe rEss y c{Fifex of

first C4 dt T -égh" f e s ac and
Splits cain SRBEEER. 7 1§e el htdckier ]y %ﬁ%i@%?@&&%
residual ¥8 RxEonde CSbThahlmiraﬂ’quLﬁserﬂbccl mr foempiementCHC1P has
anaphyl at gxi n y @Hg/ P e
anphflca??oné%é%égg uiggb :%§E?%£%B§ Ef %Ih 'béEEe%gnc%ﬁgu I mune
adher ence 6 of (Ghe tZ2 Caht |mﬂ-wt |1bbd§eq313nqmrrploe£x whichf athe| tEitrsty 23
subsequenty; phaggy Saf2 I e B ad
: conve?tasg gctlwtigéé OF 4h§?¥%f%§ggﬁ é%% Egéﬁﬁﬁggﬂictlvatlo?ig§3Q%r
triggered87 and ?flngpﬂplﬁgﬁﬁFscaqrP?mﬂ@?Eﬁ#ﬁPd Ry tbe slassical

. polysacchari dese same&&xaaﬁebféo pathwait | NhoteRANdeRich 29i10f mewi lpedy.
- The [errk Is formed by_the ton of 30 Factor D on a conpl ex of C3b and

Fact or B: TmQ$¥§ﬁ%X;4?sc§% itive feedback loop, in which the product of
C3 32 bregakdown (C3b) helps formnore of the cleavage enzyne. 33

12 In the classical pathway, antibody binds to €1, whose
13 Cls subunit acgquires esterase activity and brings about
14 the activation and transfer to sites on the membrane or
15 immune complex of first c4 and then C2. This comblex
16 has "C3-convertase" activity and splits €3 in solution
.17 to produce a small peptide fragment C3a and a residual
18 molecule C3b, which have quite distinct functions. C3a
19 has anaphylatoxin activity and plays no further part in
20 the complement amplification cascade. C€3b is membrane
21 bound and c¢an cause immune adherence of the
22 antigen-antibody~-C3b complex, so facilitating
23 subsequent phagocytosis.
24
25 In the alternative pathway, the C3 convertase activity
26 is performed by C3bB, whose activation can be triggered
27 by extrinsic agents, in particular microbial
28 pelysaccharides such as endotoxih, acting independently
29 of antibody. The con" .rtase is formed by the action of
30 Factor D on a complex of C3b and Factor B. This forms
"1 a positive feedback loop, in which the product of C3
32 breakdown (C3b) helps form more cf the cleavage enzyme.

33



12 1 In both the ‘cl assical and alternative pathways, the C3b 2 level is
mai nt ai ned by the action of a C3b inactivator 3 (Factor 1). C3b readily
conbines with Factor Hto form 4 a conplex which is broken down by Factor

| and loses 5 its haenolytic and i nmune adherence properties. 6 7 The
classical and alternative pathways are common after 8 the C3 stage. C5
Is split to give Coa and C5b - 9 fragment8. C5a has anaphyl at oxi n

activity and gives 10 rise to chenotaxis of polynorphs. Cob binds as a

11 conplex with C6 and C7 to forma thernostable site on 12 the nenbrane
whi ch recr &i t s Ithédothfihe sHpsfdaal ehdRlternatiyve PafdaYse e &hbrane
attack conpl ex1eVP islMidintdindd By QEUASEISH! BT W TIMSERACEIvAESr( o
menbrane an rojectin romit., ich forms g.transme e channe
16 fully Per rréﬁ'ﬁl?gquo Ri-eciRy yeadilyy Spmpines Iﬂ}&r{ fﬁ%"r 1’%6‘{"?“%"?“
internal cgllopd dlﬁ?lé:@ VhEBRAUILS Biwkeni downndly Fattonf Iwanmd lmsesm
“ions and water, | eadi

restrictiof fadtdr ae?“%é%i%si)%elalf’if %m %%%%E%%g’r%m ;a(r)rﬁnt can
in generag 22 interfere with any part of the conplenment activation 23
consti tut 6b t nihe| FBREArat. ARy terreliYe, RITAYA, an8 qolld afse
constitutes thehal t@8nastagepat hve§, s skitote ugdxel yChay ander@® e
pat huays, S26 TrAoercs, C/caa ' d8adRl atiRiy A AT Ly R
the cormolOparrise tte shemesaxis ThE IMYRQYPEEGO G¥Renbiingds t8s, 2
LEn" Sy B oIBR8 R € ppibatam Ut g 31
12 the membrane which recruits e final components C8 an
13 C9 to generate the membrane attack complex (MAC). This
14 is an annular structure inserted into the membrane and
18 projecting from it, which forms a transmembrane channel
16 fully peméable to electrolytes and water. Due to the
17 high internal colloid osmotic pressure, there is a net
18 influx of sodium ions and water, leading to cell lysis.
19 _
20 Homologous complement restriction factors (HCRFs)
21' useful in the present invention can in general
22 interfere with any part of the complement activation
23 cascade. An HCRF may interfere solely with that part
24 which constitutes the classical pathway, or solely with
25 that part which constitutes the alternative pathway, or
26 more usually may interfere with that part which is
27 common to both the classical and alternative pathways.
28 It is preferred that the HCRF regulator interfere with
29 the common part of the pathway. The HCRF may be
30 identical te a natural HCRF or simply have the
31 appi-opriate function. Synthetic and semi-synthet_ic

32 HCRFs, including those prepared by recombinant DNA

33



13 1 technology and variants however prepared, are included 2
within the term HCRF. 3 4 As has been nentioned above, honol ogous
conpl enent 5 restriction factors are substances which regulate the 6
action of the conplenment cascade in such a way as to 7 reduce or prevent
its lytic activity; they are used by 8 he ani mal body to | abel tissue
as self to avoid 9 autoimune reaction.” In this invention it is

possi bl e 10 in principle for the HCRF to be either nenbrane bound 11

or free in psery %oundr%%aﬁi §ehbﬁf%!rl ar.Je%l pgf%eﬁagguag_dhave

t he HCRF be| ng rre Soof FENe xendagr a I 'SSue
this way, #t |Ulthl-m thesiterm JICRMwe HCRF to be "in association with" the
15 graft .4issue. Pref erred HCRFs |ncI ude putative cell 16 nmenbrane
-factors including the C3b/ C4b receptor (CR1), 17 (C3.dg receptor (CR2)
decay acceter abEni3cikfen DReptioneg aBevieractharaipgans rﬁ‘?ﬂi’%ﬁi@e

cofactor pgot epAseMiBeion Lfactytat aye simssu"aﬁ%smmﬁl R Fad OF
decay 20 accel erating.  factor DAF) and C.4 bi ndi n rotein 21 (C4bp).
These HCRFS al RCHafR- (gubhe cCPRPLEMENS (GRSFade Jébn%#‘g‘?reﬁt way as to

-~ interferente ai-eabeecarstp&@enﬁﬁmé 28ctiostyl Cthey faed O.iséd*F@
whi ch bl o 4<s {:h S ai ad24 % &é I v.e rrbraneaf act 05_ 2? %A
but not al BherBimad (RPAX %% FEIRSNe 7 a8 881y FR AW
(regul at org of mﬁpimanb zehictibnon) I8 thisudnventioh itaps tpossible (32
30 31 AThought PRAPEHRIE tilh EBRclchR 50 B Faer Resbiing o)
and Iocat]jlon odr HERfee fhe sexum; s 4ZERoudl W] pridtice Hictwill de
ident.ifie& byﬁelfgég%s 1?5 have the HCRF being membrane bound on
' 13 cells of the xenograft tissue. In this way, it is

14 easier for the HCRF to be "in association with" the

15 graft tissue. Preferred HCRFs include putative cell

16 membrane factors including the C€3b/C4b receptor (CR1l),

17 cj.dg receptor (CR2), decay accelerating factor (DAF),

18 C3b Inaétivator and membrane cofactor protein (MCP).

19 Putative serum HCRFs include Factor H, decay

-20 accelerating factor (DAF) and €4 binding prctein

21 (C4bp). These HCRFs all down-regulate the activity of

22 complement by interference at the C3 stage. Homologous

23 restriction factor (HRF), which blocks at €8, is also a

24 putative membrane factor.

25 S
26 Many, but not all, of the genes for suitable HCRFs are

.~ 27 located in the RCA (regulator of complement activation)
28 locus, which map to band 32 of chromosome 1
29 (Rey-Campos et al J. Exp. Med. 167 664-669 (1988}).

30 -

31 Although there has been some confusion with the
32 nomenclature and location of HCRFs, the factors C4BP,
33  CR1, DAF ané Factor H are identified by Rey Campus et



14 1 al (loc. cit.) and in their earlier study (J. Exp. Med. 2 166
246-252 (1987)). Menbrane cofactor protein (MCP) 3 Is treated by sone
wor kers as synonymous wth C4 4 binding protein (C4bp) and it may be

" that these two 5 factors are either related or identical. Rother and 6
Till ("The Conpl enent Systeni, Springer-Verlog, Berlin 7 (1988)) review
the regulatory factors of C3 convertase 1 in section 1.2.3.2; they

equate C4 binding protein 9 (C4bp) with decay accelerating factor and
Factor Hwith 10 B[err]Hprotein and C3b Inactivator Accelerator. No

ﬂc&gt 1_1|1|thmnoqm.l ag Lk ©) Amaibxi s&iém_mﬂlsﬁﬁrmeyi $dLi BRpof Med2 ]
S Wi continue tgQ_ev ut it is to o t the-
present i ventk &h %%ﬁrgﬁ§| ghégvt)ﬁé Hpmhrang: cQ?Fc#%ﬁF%és%l.t g‘g{:?ﬁty and
preferenceg di cisat eredted 1by Osbae rwbrkemscsaso sERepyamossaswiidh o®d4: 17
18 Factor. l.{als ceviou o] as; LN [ r or
KAF): 20% Vidad s S BrBiBied n&%"w nﬁ@ﬁoﬁ%ﬂagsﬁsgﬂ%‘?g &7 gé;’“ 21¥°,5
Fact or H: sPandfactors are( 2ither nelatedco2s7idercical. Rothep7and 24
25 bi3diNg, a0l €L L. Ny . : v 26 ;
1044- 10519?1973)4)1; (B 2§&Pf&é’5§|:§g3?ég Rnoé\:g?ia{‘s 5§:éﬁb|\? EhoPEoRnvel | er
et al 297  (1988).) Ireniry . theorsgulatoxy) fackers of C3 gen¥erhase
- Cofactor Brotgi iofl SP, XNPWE; ase kY6 etate c4ANBihlinl desetéRad as
gp45- 70 S0 hég@g%g\?\,nsgg)f | ,éﬁ’ _b ‘st )

9 (C4bp) with decay accelerating factor and Factor H with
10 B,H-protein and C3b Inactivator Accelerator. No doubt

11 the nomenclature, localisation and characterisation of

12 HCRFs will continue to evolve, but it is to be

13 understood that the present invention contemplates the

14 use of all HCRFs as suitability and preference dictate.

15

16 Other references tc HCRFs are as follows:

17 .

18 Factor I (also previously known as C3b inactivator
19 or KAF):

2 Tamura & Nelson (J. Immunol. 99 582-589 (1967);
21 '

2 Factor H: Pangburn et al (J. EXp. Med. 146 257-270
23 (1977); |

24

25 C4 binding protein: Fujita et al (J. Exp. Med. 148
26 1044-1051 (1978));

27 _ .

28 DAF (also known as CDS5): Nicholson-Weller et al
29 (J. Impmunol. 129 184 (1982)): |

30

31 Membrane Cofactor Protein (MCP: also known as CD46
3 and fi_rst described as gp45-70 and further known

33



1 as gp66/56): Seya et al (J. Exp. Med. 163 837-855 2

(1986)); " 4 CR1 (al so known as CD35): Medof et al, (J. Exp. 5
Med. 156 1739-1754 (1982)) and Ross et al (J. 6 | munol . 129
2051- 2060 (1982)); 7 8 CR2 (also known as CD21, 3d/EBV receptor
and 9 pl40): lida et al (J. Exp. MB. 158 1021-1033 10

(1983)) and Weis et al (PNAS 81 881-885 (1984)). 11 12 The tissue
di stribution of some of the RCA proteins are 13 as follows: 14 15

CR1: Menbrane agl igpsee®E) : Sepahretyaks(J16EXR. Medondk§3 e837-858st B
and sonme 5, T cell Sy1 %36)) pol ynmor phonucl ear | eukocyt es;
follicular-dendritic cells; glonerul ar podocytes; 19 20 CR2:

“Menbrane {linmted): nost B cells; 21 fol I'i cul ar-dendritic ceIIs

some epithelial celEri2Zalso kﬂ@ﬁnaafse‘&ﬁ53)ei|l(h&ia$$,et23g_24 (.

Menbr ane w de al | peripheral ut er thro tes
é endZJt heMegd. pzésg 173%T1%l7$1‘brm%1%“céq F&ﬁ y 8{ )

epi thel i al
t rophobl asg and 27 unolSPeeE 288128060 (198%)); Merrbrane (WI de):
al | peripheral bl oo%“ 50 - cells; epit he(l I al, )endot helial and fi brobl ast
cell 31 7 | i neages; trophoblast and sperm 2 33 CAbp:
Plasma: |igver synthemps;(#l$o known as CD21, 3d/EBV receptor and
9 pl40): Iida et al (J. ExXp. Med. 158 1021-1033
10 ' (1983)) and Weis et al (PNAS 81 881-885 (1984)).
11

12 . The tissue distribution of some of the RCA proteins are

13 as foliows:

14

15 CR1: '~ Membrane (limited): erythrocytes;
16 monocytes; most B and some T cells:
17 polymorrhonuclear leukocytes:; follicular-dendritic
18 cells; glomerular podocytes;

19 . _ .

20 CR2: - Membrane (limited): most B cells:
21 follicular~-dendritic cells: some epithelial cells
22 and a few T cell lines;

23

24 MCP: Membrane (wide): all peripheral blood
25 cells (but erythrocytes); epithelial, endothelial
26 and fibroblast cell lineages: trophoblast and
27 sperm; '

28 _'

29 DAF: Membrane (wide): all peripheral blood
30 cells:; epithelial, endothelial and fibroblast cell
31 lineages; trophoblast and sperm:

32

33 C4bp: Plasma: liver synthesis: and



16 2 H Plasma: |iver synthesis; fibroblast and 3

nonocyte cell Iines. 4 5 As for proteins involved in honol ogous
restriction at 6 the level of the nenbrane attack conplex, the use of
7 which is also contenpl ated by neans of the present 8 i nventi on,

there is general agreenent (but as yet no 9 proof) inthe formof a
protein sequence that the 10 following 6B&Da (or thereabouts) proteins

-are 11 identical: 12 13 . C8 binding proteins (Schonermark et al,
J. 14 | mmunol . 136 1772 (1986)); 15 16 . honol ogous restriction
factor (HRF} (zal man et al 17 | mmunol ogy 83 6975 (1986)); and 18 19

MAC-inhi bit2ng prot#in (M P)Pla¥aats li®leralsyhesis; £ib3Bhst?lamd

The C8bp/ HRF/ M P pr ched to the cell 23 surface by neans
of a glycolTpid anch§§g°5§t5r8egéﬁglﬁﬁs'and DAF: these proteins are known

to be funct4onal|y 25 absent in paroxysmnal nocturnal haenogl obi nuria. 26
ol l o ng afe Do, B05d RS BelSicHT oLy SEpat BomaiRpthn Testeipsien at
P-18 (Sugi t& etthe Lévedi cnmmeoneﬁmaohg&a)ﬁack3aoﬁglex, thi®Fuge Ekada
et al (Intly; Irgpigh 14139330 Jcontemplated by means of the present

8 invention, there is general agreement (but as yet no

9 proof) in the form of a protein sequence that the

10 following 65kDa (or thereabouts) proteins are

11 identical:

12

13 C8 binding proteins (Schénermark et al, J.
14 Immunol. 136 1772 (1986));

15 )

16 homeologous restriction factor (HRF) (Zalman et al
17 .~ Immunology 83 6975 (1986)): and

18 |

19 MAC-inhibiting protein (MIP) (Watts et al.
20 (1988)).

21 _

22 The C8bp/HRF/MI? protein is attached to the cell
23 surface by means of a glycolipid anchor, as are CD59

24 and DAF: these proteins are known to be functidnally
25 absent in paroxysmal nocturnal haemoglobinuria.

27 An 18-20 KkDa protein is also implicated at the MAC
28 level. The following are believed to be identical (but

29 may not bhe):

30
31 P-18 (Sugita et al (J. Biochem 104 633 (1988))):
32

a3 HRF-20 (Okada et al (Intl. Immunol 1 (1989))):;



17 1 2 C059 (Davies et al (J. Exp. Med. (Sept 1989))); 3
“and 4 5 Menbrane inhibitor of reactive lysis (MRL) 6

(Hol oguin et al J. Cdin. Invest 84 7 (1989))). 7. 8 The evidence for
the putative identity of these 9 proteins is that the protein and/or
cDNA sequences for 10 CD59 and HRF- 20 arg hown to be identical: probably
11 they are the sane as P-18/ M RL al so. It should be 12 noted that
there is some honol ogy of the CD59/HRF.20 13 sequence with that of nurine
LY-6 antiggn, which is 14 involved- in T-cell activation (Gonx et al (J.
| munol . 15 142 3013 411989))) 16 17 SP-40.40 is also involved in MAC
regul ati on?(Ki vszba®®aB (Bavaespesosl (41 ExOopo)Medio (SeP%t1P89))éfierred
 that the HERF interfqgige with conplenent 21 activation at the C3 stage.

MCP and DAF both bl ock the 22 positive feedback |oop in the alternative

" pat hway of 4 C3 23 activation, and these constitute preferred HCRFs. 24 25

- The HCRF ig provi deme:ﬁbﬁsa@c' @hhamvudiﬂ tcm Qﬂf@é&edv@ 1tyl§§sle (nifiat.?

~neans that the HCRF is . adninister suc a ma t hat raft tissue

"is |labellef as sel f ,(HodogRin @i nekRYeSt u%h(ag Phgbdu ng
bacteri a, 29 ~are not S|gn|f|cantly so | abel | ed. It nay be possible 30

Sy to ST aha cLylenter ALY, UL LRRALLD, Wit igys O
preferred becapxeteﬁnshasxkhahfﬁheu¢tgteincanﬂVng mmNAEseqﬁeneéssﬂbron of
the HCRF 15 cps9 and HRF-20 are shown to be identical: probably

11 they are the same as P-18/MIRL also. It should be
12 noted that there is some homology of the CDS59/HRF.20
13 sequence with that of murine LY-6 antigen, which is
14 involved in T-cell activation (Gronx et al (J. Immunol.
is 142 3013 (1989))).

16

17 SP-40.40 is also involved in MAC regulation (Kivszbaum
18 et al EMBO 8, 711 (1989)).

19 | |

20 It is prerferred that the HCRF interfere with complement
21  activation at the C3 stage. MCP and DAF both block the
22 positive feedback loop in the alternative pathway of C3
23  activation, and these constitute preferred HCRFs.

24
25 The HCRF is provided in association with the grafted
- 26 tissue. This means that the HCRF is administered in
27 such a way that the graft tissue is labelled as self,
28 but other foreign material, sﬁch'as invading bacteria,
29 are not significantly so labelled. It may be possible
30 simply to administer parenteraliy, but locally to the
31. graft tissue, one or more appropriate HCRFs. However,
32 in practice this may not be preferred because of the
33 difficulty of causing adequate localisation of the HCRF



1 at the graft tissue and because of the further 2 difficulty that the
HCRF may have to be repeatedly 3 admnistered to the recipient after the
graft has taken 4 place; however, this could be overcone by the use of

5 specialist pharnmaceutical delivery systens. 6 71t will generally be
much nore convenient to provide 8 the HCRF in such a way that it is
integrated with the 9 cell nenbrane ond8onor- tissue. Al t hough there may
be 10 sonme benign infections of the transplanted tissue whi-ch 11 could
cause suitable expression, _by far the nost 12 referred route of

p
" achi eving this dthe f Grafle fhtFues andsHRCANS e Of o k8GN ERTERLT t hat
it containg and;fzflmmtpssmmuthel G!Gmﬂ (magdi igvé OrtconNBe Olrepdatdddys 15

active in r,he s Ri; &t d | 1 Such
transgeni c ti séﬁ% ?rlay con nuescP\gnef‘% %ssa an(}i—i(ftere %ﬁ#’f%ﬁ%eﬁ?}‘ The
HCRF nay b& 18plgeedt |M¢\yenerrtm fqom'hd hberamqna-mte secthe wsd esf 19

pref erabl yg fro ﬂg" Qéﬁm E§:oncordant
xenograftsamay gc%%gg'%bygﬁgﬁﬁ%u ?%F]ioug rf’%c:l pl € the transgenic

donor tiss®ie may 23 cone froma cell culture it is preferable for the 24
~ donor tissye tﬁtcmﬂr érhl® Sﬁ%“'nﬁ;éﬂ“ﬂéi- E}ﬁr g mal
- shoul-d express be %ﬂ%abl e g expresan %ﬁﬂ&#l&n%&'ﬁ%t t he

"tissue to de 2%R tﬁ&ﬁfpl%tsélf'hf%rwﬂ(emﬁgné@ is jRkegratedewithi £he 28

not essentgal ,c@sli nefbiraie msmh@rtezésaé theat%%ﬁ therbhﬁage'ﬂe

menbr anes of t he donor ,tissu sone 30 . bindi ng agen such as brid
monocl onat9 ant PPBE LeRigN M’EEF&FH“& eficths H&'FW]@GG@S‘P-(SMW

receptor.13?2 3Pould cause suitable expression, by far the most
' 12 preferred route of achieving this end is for the donor

13 tissue to be transgenic in that it contains and

14 expresses nucleic acid éodinq for one or more HCRFs

1s active in the recipient species when grafted into the
16 recipient. Such transgenic tissue may continue to

17 express an HCRF indefinitely. The HCRF may be
18 genetically derived from the recipient species or less
i preferably from a closely related species for which
20 concordant xXenografts may be possible.

21 | |

22 Although in principle the transgenic donor tissue may
23 come from a cell culture, it is preferable for the
24 donor tissue to come from a transgenic animal. The
25 transgenic animal should express . (or' be capable of
26 expressing) the HCRF in at least the tissue to be
27 = transplanted, for preference. However, even this is
28 not essential, as it may be poss.ible to bind the HCRF
29 to the cell membranes of the donor tissue by some

30 binding agent (such as a hybrid monoclonal antibody
31 (Milstein & Cuello Nature 305 537 (1983)) or receptor.



19 1 The reC|p|ent species will primarily be human, but not 2

excl usively. Qther primates nmay be suitable 3 recipients, as nmay
any ot her species where the 4 econonics and ethics permt. 5 6 The
donor species may be any suitable species which is 7 different fromthe
reci pi ent species and which, having 8 gqegard to the physiol ogy of the
reci pi ent -species is 9 able to provide appropriate tissue for
transplantation' 10 For human recipients, it is envisaged that pig donors

11 will be SUIM'&clﬁi’én@W?E&'ﬂEé WR2S QTiMRry e BuhAAD! By 13:&;4
According to a secgnd asgect o] the i nvention, there is 15 pfovi

graftabl e &ni mMAXSERRLIYRLYissue VFRETIoRSE BB RS BRE, ’Pﬁe sBikable
ti ssue bei g aseuripietins th ase nliy cinyorethex| spasi esnphkRees! the

the 19" cofpl oRESRRNA (B SEAFHIRRE the donor speci 65 20 beihg a
di scordant5 species wth respect ‘to the 21 recipient species. 22 23
fransgentcoant TRE RAHTER, fHaries dehore oh?" ahddabis e fREwhithoise
rise to xehogrditfamauu|ﬁromuxhenrecbmighanSpebdesiand)whiehpohavﬁngo t he
i scor dant > SpEecar® @ ch& phyeiilod) 68 W regfEiERe sndiids iac, .
~ xenograft 9rontbhe 5Ri paOvide spprvmguatnmnxsﬁuerigzﬁtransmbenpatsea.the
- use of anignl Bdr huspf (iyLEntioMiE 49 UnPPeshed WALCHAP adREESSS
onol ogous_ conpl.enent restriction factors active i

11 will be suitable, but any other species may be

12 suitable.

13

14 - According to a seccnd aSpect of the invention, there is

18 provided graftable animal cells or tissue of a donor

16 species, the cells or tissue being associated with one

17 or more homologous complement restriction factors

18 active in the intended recipient species to prevent the

19 complete activation of complement, the donor species

20 being a discordant species with respect to the

21 recipient species.

22

23 According to a third aspect of the invention there is

24 provided a transgenic animal having transplantable

25 tissue, which does not give rise to xenograft rejection

26 on transplantation into or exposure to the immuno

27 system of at 1least one discordant species. A

28 discordant species is one which would normally

29 hyperacutely reject a xenograft from the animal.

30 | - |

31 The invention therefore encompasses the use of animal

32 tissue derived from a donor species and one or more

33 hoﬁolcgous complement restriction factors active in a



. 20 1 recipient species, wherein the donor species is a 2 discordant

" species inrelation to the recipient 3 species, in the preparation of

. tissue graftable into 4 the recipient species. 5 6 According to a
fourth aspect of the invention, there is 7 provided a transgenic ani ma

having cells capable of 8 expre55|ng a hog&logous conpl ement restriction

factor 9 of another .species. The | ogous conpl ement 10
restriction factor will generally be active in a 11 species mhich S

di scordant with respect to the eC|e 12, of .the transgenlc ani m The
cel s may bé of T&FFPHERT %E%‘{%l n,the phengkend ?%ﬁwglés

descri bed 24 wﬂﬁcmnaane:ncepm:tém filr stredspetonof tbhethavepbcdpiarit 15

of nore thap oneg_ar kSS B | £ Vs

a donor of ?ror egp%cr%aéo;rfe %‘ﬁsg’g‘e% pﬁé}ba"%ﬁh 8% tfﬁn}'sgenl cggg#%ﬁarﬁﬁ&g
regarded as4 a the reglilpdentospegiiesen-transforned (in the sense
non-prolife§at|ve) cells. 20 21 According to a fifth aspect of the

i nvention here is 22 provided a non-transforned animal cell capabl e of
23 expresséng Acsordingnfceca fousithgespectord dhentinventiant rtharenis

factors actyve pkBydawied ceruhsghnie sifindi SHALASY dbifsr eapasidl ihe

ani mal cell. Accor ect of t I nventi on

is 28 pro¥i de@XPEESMINR Kﬂmpk%m%¥$sFH§PQ%ﬂQRﬁh?EFF§F°§F°UQ¢aQQQEt

one honol ogpus genphaeRiHer edpectikan facidfe anfoR8lcttud’ SBRS1 SHGHEICES
to enable the coding DNA to be 31 expressed by a_non-transforned ani nal

cell. Thet@ni nﬁFsﬁ%l"’é'e’r‘Pn nhAFPE *dll ogendrahlifehe AFtdvegcRiidally
33 incorppfati ggetDesCRASERUEL- disfsraant! rethalrespect®o the species

12 of the transgenic animal. The cells may be of one

i3 particular tissue, with preferences being as described

14 with reference to the first aspect of the invention, or

15 of more than one or all tissues, in which case the

16 animal may become a donor of more than one tissue.
17 Such a transgenic animal may be regarded as a

13 collection of non-transformed (in the sense of

19 nbn-proliferative) cells.

1 According to a flfth aspect of the invention, there is
22 provided a non-transformed animal cell capable of
23 expressing one or more homoclogous complement
24 restriction factors active in a species which is
25 discordant with respect to the animal cell.

27 According to a sixth aspect of the invention, there is
28 provided recombinant DNA compriéing DNA coding for at
29 least one hbmolcgoﬁs complement restriction factor and
30 one or more sequences to enable the coding DNA to be
31 expressed by a non-transformed animal cell. The animal
32 cell may be a cell of a transgenic animal genetically
33 incorporating the construct. As an alternative, the



21 1 cell may be a cultured organ or other tissue such as an 2 |slet
of Langerhans. 3 4 According to a seventh aspect of the invention,
there 5 is provided a genetic construct suitable for 6 i ncorporation
into the genetic material of an animal to 7 produce a transgenic ani nal

t he construct conprising 8 DNA coding f@k at |east one honol ogous

conpl enent 9 restriction factor and one or nore sequences to enable 10
the coding DNA to be expressed in at |east sone cells 11 of a transgenic
ani mal gendti caely mayohsomatduifuned prgagomx rakher tSlssue gecbtas an

construct gay ?ﬁlhﬁ bi#e thelg@rkanLf a mni chronosonme known as a YAC. As
above, the 14 onol ogous conplenent restriction factor will generally 15

be active $n a species which is discordant with respect 16 to the species

of the trajsgegces#difY td ‘a 18evéaeRr dspadto @fetﬂét invenedionf tHhére
present’ invention, 19 ‘there is provi ded a net hod of re rlngﬁa transgenlc

20 animal3 thé nﬁt%‘dlé@ﬁ’prl%l rﬁf‘i’ﬂ’c’d-r‘:porcﬂf’ﬁ&q%?‘é {taBdiamifar
genetic negerighebPMosading &ﬁtoatnheg&heea% hatdremgl @pl&x%ﬂ%

restriction factor, and one or 23 . nore,se es to epable the codlqg
to be exprkssd®F93UCe, &1tTaNIFeRLGARIPA 'of hCPRIRTYER COMRTRALID5 26
Met hods ofg pr cDNRI ngodingsofet C #Ni lelastar onen jemeldgols kexplexerndr e

wdespr oo Ariek L SELaY oabense i A bAKS! ATRIESE 0 nmina 1
. steps needed ith&Ocodingc D t® lwnex;:nes:-edt rimsaenleasti seme elIE The
actual mahod OF WMHANALAEE Shit) GpERLEVER1TY 1AbSrpBEabihh® ke e
12 construct. Such a genetic construct may be in the form

13 of a mini chromosome known as a YAC. As above, the

14 homologous complement restriction factor will generally

15 be active in a species which is discordant with respect

16 to the species of the transgenic animal.

17

18 According to a eighth aspect of the present invention,

19 there is prpvided a method of'preparing a transgenic

20 aninal, the method comprising incorporating into an

1l animal’s genetic material DNA coding for at least one

22 homologous complement restriction facter and one or

3 more sequences to enable the coding DNA to be expressed

24 in at least some cells of the transgenic animal.

26 Methods of producing transgenic animals are in general
27 beccming more widespread, and the detailed steps to be
28 taken may be as now conventionally used in the art.
29 For example, WO-A-8800239 discloses the steps needed in
30 principle to construct a transgenic animal.

32 The actual method of incorporation of the construct
33 into the cells of the transgenic animal may be by



22 1 nmicro-injection, by spermnediated incorporation or any 2 other
sui t abl e net hod. The prelimnary genetic 3 mani pul ati on may be
carried out in a prokaryote, as is 4 generally preferred. 5 6 DNA
coding for HCRFs is either available in cDNA form 7 or nmay be deduced
usi ng conventional cloning 8 techniques. The DNA codi ng for decay
accelerating 9 factor (DAF) is probably £Re best characterised and has 10
been descri bed by Medof et al (PNAS 84 2007-2011 12 (1987)). A physi cal

map of the RCA gene cluster.is .12 _given i ey: Canpos et _al. (1988) (] oc.
CE Y, Var ansieEprinfediion, Y akormad 2Xed BRRSFettaBiatpt cRAY 14
t echnol ogy 2ar e cfitsetr ossuwlitabER Ane2diib./; s e varebiningry ngeretiiced in
the present, in Ll O o e CRLSE; : t ter I sati of
t he genetiCs J'g?ﬂﬂ&},j&arfyg h%gknomhl%&éqégﬁcgﬁo% m%%'ng AF, 19
DAF const i #ut egenemadfler prefiensdgous conpl ement 20 restriction factor.
21 22 (O her preferred features of the second to seventh 23 aspects of

the invention are as for the first aspect, 24 nuratis nutandis. 25 26
The invent bon BNA gusing foruBEREsedspeithercavaidaplerZin Qb £eX™ | n

t he exanpl gs, er, e y he. I 8¢ bR WH LD
FI GURES 1'A?to %‘I?sho su%%eggig\?géée(% t?%ggséif g‘%\bgg?lﬁElwé?ab%??ig %art

grafted onBo n&6SBNdgHeS. i n The DNA geddn®hnfer,4eca¥aAfcelerating
9 factor (DAF) is probably the best characterised and has

10 been described by Medof et al] (PNAS 84 2097-2011
11 (1987)). A physical map of the RCA gene cluster is
12 given in Rey-Campos et al (1988) (loc. cit.). Variants
13 of DAF and their preparation by recombinant DNA
14 technology are disclosed in EP-A-0244267; such variants
15 may be used in the present invention.

17 Because of the better characterisation of the genetics
18 of DAF, and the known sequence of cDNA encoding DAF,
19 DAF constitutes a preferred homoclogous complement

20 restriction factor.

22 Other preferred features of the second to seventh
23 aspects of the invention are as for the first aspect,

24 muratis mutandis.

26 The invention will now be illustrated by the following
27 examples. In the examples, reference is made to the

28 drawings in which:

29 .
30 - FIGURES 1A to 1E show successive ECG traces for a
31 rabbit’s heart grafted onto neonate pigs in
32 . accordance with Example 1;



23 1 FI GURE 2 shows the result of a radi ol nmunoassay 2
i ndicating that the pigs used in Exanple 1 had no 3 . significant
anounts of antispecies antibody; 4 5 FIGURE 3 shows certain
stages of -protein 6 | el ectrophoresis, as used in Exanple 4; 7 8
FI GURE 4 shows certain st ages of two dineggional 9 crossed
el ectrophoresis, as used in Exanple 4; 10 11 FI GURE 5 shows the
"2D- Rockets" resulting from 12 Exanple 4; 13 14 FI GURE 6
shows the gesult OfﬁicﬁREN@UEhBWS%fhe #Bsult ofechal dadiicimmenyassay
Example 5;_ 16 17 .. I Lust S r ' [ 2 h ter
18 aﬁtl bodi es rec#' p%%tﬁgég “%g%istq'zlr ‘i{}xiﬁ@i& g”ﬁéa AE°
~graft, pre3stranspl ammqayxmmm ®f Angispecies antibody;
post-transglant as described in Exanple 6; 21 22 . FI GURE 8 shows
graphically ODs of G200 fractions; 23 the histogramillustrates
titres in gach frac®FiIGURE4 3 shofs | y¢¢tt@nul h%ﬁﬁlgeﬁsamfbosroéieinom a

rat 25 recip ékﬁﬁi ;in 26
Exanpl e 6;6 27 28 .'e_‘i@c Qjowtsﬁoms a §outﬁgrn ot of DNA -extracted 29

fromT5, ba0 and DB3 cell lines, as described in 30 Exanple 7; 31 32
FI GQURE 10 %hows l[er?g@ﬁﬂﬁ'@@Eo&égééﬁial'd"@fé’ééyeo@two diméndFokaTan
eing |lyse

cell line by rabhbit
crossed electrophoresis, as used in Example 4;

10
11 'FIGURE 5 shows the "2D-Rockets" resulting from
12 Example 4;
13
14 FIGURE 6 shows the result of a chromium release
1s cell lysis assay in Example 5;
16
17 FIGURE 7 illustrates titres of lytic anti-hamster
18 antibodies from a rat recipient of a hamster heart
19 graft, pre-trénsplant (day 0) and days 5, 7 and 9
20 post-transplant, as described in Example 6;
21

22 FIGURE 8 shows graphically ODs of G200 frac tions:
23  the histogram illustrates titres in each fraction
24 of lytic anti-hamster antibodies from a rat
25 recipient of a hamster heart, as described in
26 Example 6;
27
28 FIGURE 9 shows a Southern blot of DNA extracted
29 _ from TS, bl0 and DB3 cell lines, as described in
30 Example 7; '

" 31 :
32 FIGURE 10 shows 5lcr release figures, indicative

33 of TS5 human cell line being lysed by rabbit



24 1 conpl ement but not “hunan conplement in the 2

presence of pig anti-human antibodies, as 3 decscribed in

" Exanpl e 7; 4 5 FI GURE 11 shows rel ease figures, indicative of a
6 failure of human anti bodies to |yse T5 hunman cell 7 l'ine
either with human or rabbit conpl enent, as 8 descri bed in Exanpl e
7; 9 10 FI GURE 12 shows [err]Cr r#l ease figures, which 11 -
denonstrate that hunman anti'bodi es can lyse a 12 nouse- nouse hybri doma
(DB3) in the presence Ofl bot | t corrpl enent _or human
conpl enent * as 14 ABELE HBYT nnﬁfang fiPyglement FI’(&JR@"B
shows [err]ZCr rel capeesehntest pdt i pdgo hamﬂi?-humant renbibend tesse hyorid
cell line B10 is ly E::FH antl bodies in the presnce of
rabbit 19 corr% gﬁ%%tjagut not y human anti bodies in 20

~ the presente of human conpl enent, as descrl bed in 21 Exanmple 7; 2 23

FI GURE 14 ghows upt pkg & thggregggwgdengaiesga %&gﬁ%ﬁm %ma&we gy e) by

CHO cells, showi ng t I miune rat  serum

in the pr e6ence of failure offu amanc anilibesiiesrto r hyset TSCMWLI as

27 dgscri bed lﬁlngxmrfeﬁ wieh2f8uman of' i ?&E%‘Eeﬂg gke g g
[err]H adenine in cQunts m nut e CHO cel ranstetted with
human MCP,8 31 Sﬁﬁﬁ/rﬁgdthﬁtf:#ﬁ@géecyl s are killed by i mune rat 32
serumin tde presence of rabbit conplenent but are 33 not killed by
this |rrrrfone rat Efég{& |£12t hshows 5lcr release figures, which
11 demonstrate that human antibodies can lyse a
12 mouse-mouse hybridoma (DB3) in the presence of
13 both rabbit complement or human complement, as
3 described in Example 7;
15 _
16 FIGURE 13 shows Slcr release, illustrating that
17 the human-mouse hybrid cell line Bl0 is lysed by
18 human antibodies in the presnce of rabbit
19 complement but not lysed by human antibodies in
20 the presence of human complement, as descrited in
21 Example 7; |
22 |
22 FIGURE 14 shows uptake of 34 adenine (in counts
24 per minute) by CHO cells, showing that these cells
25 are killed by immune rat serum in the presence of
.26 human complement or rabbit complement, as
27 described in Example 8;
29 FIGURE 15 shows uptake of JH adenine in counts per
30 minute by CHO cells transfected with human MCP,
31 showing that these cells are killed by immune rat

serum in the presence of rabbit complement but are
33 not killed by this immune rat serum in the



25 1 presence of human conpl ement, as described in 2

. Exanple 8, 3 4 FI GURE 16 shows "2D rockets" showing that, in the 5
circunstances described in relation to Figure 15, . 6 t he C3 conponent
of human conplenent is not 7 cleaved to form C3b, as described in

~ Exanple 8 8 9 FIGURE 17 shows [e28]Cr rel ease figures, indicative
10 of 3T3 nouse fibroblasts being |ysed by naturally 11.
occurring anti bodies in the presence of human 12 conpl ement and t he

protectiveleffect oprelsences of humanrasuplenentiumaasvciesgribednpile

cells; andy 14 15 pyampiEl @YRE 18 shows a slot blot analysis of DNA of 16

second generation transgenic mce using |labelled 17 MCP cDNA (upper)

' or labellell DAF cDNA as a probe. 18 19 EXAMPLE 1 20 21 Xenograft

Rej ection gJlakes Pl apectiRet e Ahwro2y rdtketgd" ASRbWwiRgCiteat\ntipoghes 23

24 In general, animals cannot survive w thout cifculatin 25 .

i munogl obdl i ns. Tﬁé§€u§F§aBFGGu@&ﬁqﬁfhgﬂnﬂﬁm§? atign 5% E*ﬁﬁﬁﬁmﬁ?to

: ?nt i gfem c ﬁu rTl . Fh_& ees! Ytl:ﬂﬁﬁlﬂﬁbﬁk |8bffe,§[xuiﬁn hﬁ‘?ﬁﬁremﬁﬁﬁ&ﬂb@' x%o? g
ransferred maternal _i munogl ohQulin act,s as . nporary substitute for

this self-produced ©>6avesg Bogﬁf‘?” G i'saﬁagﬁs\‘l’é'l’%ﬁ‘fér%f %E‘er d:

| mrmunogl olailin 30 confers protection on the young while early i mune 31
experience, i s acqui ' | 31 L0i jve an re Of. 4 erna
i mmunogl oggul in usua#fe‘guggc&ys] gE‘%QBB é?r%ﬁg%%§§en{§ﬁ§géhdiv§’?§%&% rum

~In a fewldpecies, of 3T3 mouse fibroblasts being lysed by naturally

11 occurring antibodies in the presence of human
12 - complement and the protective effect of the
13 expression of human MCP by the mouse cells; and

14 ) '

1s FIGURE 18 shows a slot blot analysis of DNA of
16 '~ second generation transgenic mice using labelled
17 MCP cDNA (upper) or labelled DAF cDNA as a probe.
is

19 EXAM 1

20

21 Xencqraft Rejection Takes Place in the Absence of any
22 Antispecies Antigod;es

23 -

24 In general, animals cannct survive without circulating

25 immunogleobulins. These are produced by lymphocytes in
26 response to antigenic stimuli. In early neonatal life,
27 however, passively transferred maternal immunoglobulin
28 | acts as a temporary substitute for this self-precduced
29 antibody. This passively transferred immunoglobulin
30 confers protection on the young while early immune
31 experience is acgquired. In mammals this passive
32 transfer of maternal immunoglobulin usually occurs both
33 transplacentally and via colostrum. In a few species,



P26 1 however, the structure of the placenta is such that no 2 maternal
anti body can be transferred by this route. 3 The pig is one such species.
 All faternal -ahtibody is 4 obtained fromcolostrum. Thus, new born
i-pre-suckled 5 pigs are in principle imunoglobulin-free. 6 7 Large white
pigs were taken at birth and placed in a 2% wooden cage warnmed by hot-water
bottles without being 9 allowed to suckle. Two pigs fromeach farrow ng
-were 10 taken for each experinent. These aninmals weighed 11

apg[) o;ﬂ mat a.IK Jﬁeﬁ«é\ﬁezt het&? nBrehcbiutrbhor &Be biac%angsa w&w&aﬂﬂaﬂ’f_}tﬁbe
rabbi ts wei ghi ng appr oxi na were _used a ese
donors were& 138@ %héﬁ%% tﬁaﬂy%%oltﬁﬁﬂsgﬂ'f&ﬁa} %eE‘P“REs
opened andia vegie i Tenoweasadabgpeedes. of mnenaﬂérnghmwexs CoI d
- (+4[err] O cardl Ih No S t 1

st opped be ting égéféhﬁ % 58 <§ﬁﬁ§€§97us$§ﬂ§1rﬁ%§r Q ée £Eaggg{ilng
was al so 80 3gs etrexirepmingipia mmnmbg:]mhnbm-e@raedl rect ly from 21
a syringe. . The rabbits heart was then renoved using 22 standard
sur gi cal téchnlques and stored in cardioplegi-a 23 solution at +4[err]C
until requifredLarge whitbepiAgSomere dakencadsdrirthy andeplasnd in a
precautiong begfgsb%gaﬁ "€ag@PhimedS bg;%é-ﬁ@afdbaeﬁashwﬂ%@@ss@pﬁgbl e

"to ischaemc clpient pigs were anaesthetiseéed
initially Sby zalqvmdatmr@melzlsnham Bigs AFrPRt PAGENFRFIRNANG (WTE23 30

gauge) negele Wascdd1eFd S @l Rpe i fEERT Y THASE dhindIEes WSglved

~mai ntai ned by intravenous ketamne. The 32 pi mas si mul t aneously kept
" hydrated ®&th BPPF@N@Q&§§1331KQ at the time of h.

12 .
13 Baby New Zealand white rabbits weighing approximately
14 300gms were used as donors. These donors were

15 anaesthetised with hypnol and diazepam, the chest was
16 opened and a vena cava cannulated by means of a 19
17 gauge needle. Cold (+4°C) cardioplegia (Thomas No. 2)
18 was infused until the heart stopped beating and had
19 beccme perfused with cardioplegia. Cooling was also
20 applied externally with cold cardioplegia directly from
21 . a syringe. The rabbits heart was then removed using
22 standard surgical techniques and stored in cardioplegia
23 solution at +4°C until required. It has been found
24 necessary to take these precautions because the rabbit
25 heart proved to be highly susceptible to ischaemic

26 damage.

28 Recipient pigs were anaesthetised initially by
29 Halothane/02 inhalation. An intravenous butterfly (23
30 gauge) needle was then inserted intc a mammary vein,
31 anaesthesia maintained by intravenous ketamine. The
32 pig was simultaneously kept hydrated with intravenous



27 1 saline. Serum and EDTA bl ood sanpl es were drawn 2

pre- transplant 3 4 The rabbit heart was grafted into the neck of the

. pi gs 5 after the nmethod of Heron (Acta Pathol. M crobiol. 6 Scand.
79 366- 372 (1971)). The aorta was anastogksed 7 end to side (6-0

prolene) to the carotid artery and the 8 pulnmonary artery anastom sed to

the jugular vein. Al 9 other cardiac vessels were |igated. Hearts

began 10 begari saiiddl N a depiuill MHES ERTA CBRYBL OSambRERS- rate
was nonitored throu hout y a di ascope/ ECG 12 noni t%rb Hé pi g ne%ﬁ was

not closed fAuri R§% rinments, hearts were kept mist by covering
with 14 clgng film 15 16 The ECG results are shown in Figures 1A to 1E.

The 17 t Fi g 1A shows a orm';l he beat. 18 i nmed| at el
af teer tra;é1 Ian?gﬁ ER%b*Iﬂ—:a r’%r‘é':b‘zag?n%rég uléntf’\/\ghfyqﬁ%t%% The cpigs y
(Figure 1B)Sandagicelri nthe methdad of( Fieron @*at ME'@QEI abl e
h t beat,_ 21 ct Th| S_exa

hor et or o dnorSeibcs ohaeATIE acl FRTEhFT ! Ml A5rs: WAL ptarpmised

t herefore deno
xenogr af t t'ékesepﬁate enéa |(ﬁ-95prbllenet)sebmc¢hn‘ carotiiclliaxste?p &nd Ahe9 30

31 32 33 g pulmcnary artery anastomised to the jugular vein. All
9 other cardiac vessels were ligafed. Hearts began
10 beating with_in a few minutes of removal of ciamps.
11 Heart rate was monitored throughout by a diascope/ECG
12 monitor. The pig neck was not closed during the
13 experiments, hearts were kept moist by covering with
14 cling £ilm. |
1E
16 The ECG results are shown in Figures 1A to 1lE. The
17 trace shown in Figure 1A shov)ls a normal heart beat
18 immediately after transplantation. Failure begins some
19 twenty' minutes later (Figure 1B) and within an hour
20 (Figure 1D) there is no detectable heart beat,
21 evidencing hyperacute rejection.

-
o~

23 This example therefore demonstrates that hyperacute
24 rejection of disccrdant xenograft takes place even in
25 the absence of antibodies. |

26

27

28

29

30

31

32

33



28 1 EXAMPLE 2 2 3 -The Neonatal Pigs used in Exanple 1 have no
Ant i speci es 4 Ant i body 5 6 Rabbit anti-pig IgG was radioi odi nat ed
tby the nethod of 7 Greenwood et al, Biochem cal Journal 89 114-123 (1963)
8 nodified by Davies and Howard (not published). 9 10 The follow ng are
added into a polystyrene tube (LP2 11 628Bmx 1 cm in rapid succession:
12 13 25-50[err] protein (at 1ng/n1 conc) 14 3-4[err] Na[err]l (100
nCi/m) 15 10[err] chloramne-T (*4nmg/5m ; 0.5M 16  sodi um phosphate

buffer (pHY.5)EXAMPLE 2ust be freshly prepared before use 18 19 These
conponents snere allowed to mx for 30 seconds 20 with continuous
agi tation. Then the foIIomA g_er e 21 qU|ckIy added 22 23 50[err]
DL-tyrosi né (sa&isdigons SR8 A SRS A ABLigpeciess’ og
300[ err] 2%)BS@QE§_$ggide 27 28 The IabeIIed proteln S then separ at ed
- fromthe 29 unreacted iodine, by the use of a small colum 30 8cm x

1. 0cm of Séphadex G 25 nedi um grade nmade up in 31 PBS/ azi de. The
i odi nati ong regEbKIt dRtd4iRy 1dc Shas rHEIYidPinaedd Efaﬁﬁéeﬁéeﬂoaoofhe

pgepared G25 c%;gg;égzd andzfju ed W th PBS/a2|de; aJ>&14-£5gr?§é|ons are
8 modified by Davies and Howard (not published).
. _
10 The following are added into a polystyrene tube (LP2
11 6 cm Xx 1 cm) in rapid succession:
12 |
13 25-50u1 protein (at lmg/ml concf
14  3-4ul Nal251 (100 mci/ml)
15 10ul chloramine-T (*4mg/5ml; 0.S5M)
16 sodium phosphate buffer (pH 7.5)
17 * must be freshly prepared before use
18 |
19 These components were allowed to mix for 30 seconds
20 with continuous agitation. Then the following were
21 quickly added:
22
23 S0ul DL-tyrosine (sat. sol. in 0.5ml sodium phosphate
24 buffer pH 7.5). '
25 | | _
26 300ul 2% BSA/PBS/azide
27
28 The_labélled protein is then separated from the
29 unreacted iodine, by the use of a small column
30 acﬁ_x 1.0cm of Sephadex G-25 medium grade made up in
31 PBS/azide. The iodination reaction mixture is
32 quantitatively transferred to the prepared G25 column
33 and eluted with PBS/azide. Six drop fractions are




1 collected into pdlystyrene tubes (LP2). The colum is 2 eluted until

- both 'the protein and the ([err]l) iodide 3 peaks have been eluted and the

8

radi oactivity in all of 4 the fractions is neasured. 6 The
radi oactivity incorporated into the protegg can be 7 cal cul at ed t hus:
9 radi oactive counts in protein = original total 10 counts -

counts in iodide peaks

"isotope")qis <43
neonat al - pi g,

Oxoi d

whol e nol egul
sera (56[err]

26 2

prepared #nd 100[err] anounts were added to 29 t ubes. Cells are

a0t ons ©f i BRe FALEACEIYA Mo BGRTERER oLt S, Brpchia, S R au
30

pi g

b f @be PiiaP250t i ol aSoist hes

19 2 pSeBURes UnEEh. Bofha tB® PrRSQisheand
gp&hkb have beenlSedutdy eiid thanraddbacti¥tyHeixt alicofvat ed

7 14

30 ninsé 23 .Anticog&plated bl ood sanples. 24 25 Method

AERS, §686&4ORSN 15f BB ed bl ood celIs in PBS 28

(positivecgpshlated thus:

8

9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26

27

28
29
30
31

radicactive counts in protein = original total
counts - counts in iodide peaks

The radiolabelled IgG (referred to now as "isotope') is
then used in an assay for (pig) antibodies in the
neonatal -pig, as follows: '

Materials

PBS + 0.01% Azide - Oxoid

PBS/BSA 1% - BSA-~Sigma
Isotope - rabbit anti-pig IgG whole molecule with

12-18 x 10° counts/min.
Heat inactivated sera (56°C 30 mins)
Anticoagulated blood samples.

Method

1. A 1% suspension of rabbit red blood cells in PBS
was prepared and 100ul amounts were added to
tubes. Cells are spun to a button discarding

supernatant.

2. Serial dilutions of inactivated sera were prepared
in PBS/BSA from adult pig (pos-:ive contIal),

as %Sf::a%\%sli 15i&11?§%al s, 17 1%:3?133%)03%&%#%%

11 12" The radiolabelled 1gG (referred to now as

14

was



1 neonat al pi g' (test sanple) or rabbit (negative 2 control).

0. 025m anounts were added to red cell 3 buttons in duplicate.
Tubes were fncubated at 4[efr]C 4 for 4 hours. 5 6 3. After
.incubation tubes were washed three tines in 7 PBS/ BSA 0. 05m  of
‘I sotope was then added to each 8 ~ tuB® and incubated overnight at

4[err]C. 9 10 4. Tubes were rewashed three times and 1 mn counts 11
were perfornmed on gamma counter. 12 13 5. Results are plotted as
nunber of caunts/m nnebhatal pidgai (eésti samplel)s ot6 rah_bitesmegaai*ee
shown in Figure 2. @%Qﬂlzigaﬁe.wé‘la“i@mllmo&ﬁ% drere ”%ﬁéka}’?:og%&%%eﬂ‘d |

adult (ie suckled) pig serum as a positive control, n be seen
that the 18 |evel &UTHoRsadAn Pewplicatene Fubes wexel ngrbated ap 4°C
conparabl e o that ofegyhq Regslsive control. 21 22 EXAMPLE 3 23 24
Denonstrati on of Relevance of Conplenment C3 to 25 Xenoaraft Destruction
26 27 Conpl enent deficient guinea pigs derived fromthe 28 strain
described by Bunger g@irtalr (Ré¢ubatidnmeiills khed® waghéd EhI%@ )riMs in

grafted wi.th hearts usin essentlallz 30 the sanme . technique, .as ttlate
described Tor the 3PBS/BH (CQ+QPBE O%cRSGEIPS Was EieRppdded ta@achere
32 anaesthgtised w thbet Aad iRkabatedncvedniemt atcaoied 33 with
cardioplegig and exci sed as previously described.

* 10 4. Tubes were rewashed three times and 1 min counts
11 were performed on gamma counter.
12
13 5. Results are plotted as number of counts/min
14 against titre.
15

16 The results are shown in Figure 2. Rabbit serum was
17 used as a negative control and adult (ie suckled) pig
18 serum as a positive control. It can be seen that the
19 level of pig antibody in the pre-suckled pig 2 is
20 comparable to that of the negative control.

21 | |

22 EXAMDPT
23 ' .
24 Demonstration of Relevance of Complement C3 to
25  Xenograft Destruction

26 _

27 Complement deficient guinea pigs derived from the

28 strain described by Burger et al (Eur. J. Impunol 16
29 7-11 (1986)) were grafted with hearts using essentially
30 the same technique as that described for the
31 rabhit-to-pig xenografts in Exainple 1. Rats were
32 anaesthetised with ether inhalation and hearts cooled
33 with cardioplegia and excised as previously described.

D



1 Guinea pig donors were anaesthetised with intravenous 2 valium and

i ntranuscul-ar hypnol. Hearts were inplanted 3 into the neck as .
previ ously descri bed. For control 4 guinea pigs, i.e. those with nornal
conpl ement | evel s, 5 graft rejection @q]mallytook place within a few
6 mnutes, thus ITB.kI ng it unnecessary to close t he neck. 7 1n

experinental aninmals the neck was closed and hearts 8 nonitored by tw ce

dai |y pal patiogyosaapi C@%n\eﬁ'se werk OPiSE¥EHe kIS AT &Y I\)E#EéXQ§§hf
surgery, indicating no 1 eracute rejection. 11 12 EXA 4 A
Pi g Lynpholyt e aa?nﬂ“k ruseyl %t@?ﬂ‘ﬁﬂhn 1BearsRpreRe, inpjanted
VAIW It fa_r nat i \{e Patﬂwhﬂ:ﬁelgediﬁl ksvmpigavitldgﬁsl% ea?gg:wi;ﬁed).f @'&ba&oneﬁél
I anms i.ochi m..Bi ophys ta g
were poure on&y%?%?iﬁﬁﬁ%1aésepl§§8§e(¥%§§ 2t fﬂ?ggﬁmeBF g@Ve xture
was requirgd, ahtthi &'a:pemtSbnd nérhal 131 taeﬁcagplaa@ awd tiin var ofel
buffer (VB).. VB IS 75 22. . barbitone, 10mM_EDTA ]i) h%g%err# pH P
The afar oZd™¥eSy Wﬁ?ﬁlﬂgxé FBB@F&&SQHY i ?591 Kre
uﬁe Zﬁ @&l s warexpnrmmhnnxicznnmausntnelnuek MPﬁfcﬁdBedVﬁﬁd aEargst
t he ge co SIS r n Q mm__ 27
- Wells 3 MA E%% 3ﬁ§$ﬁ§rg4¥¥§zﬂéﬁﬁggiﬁ?froHP%?égnépgﬂd 5?ethe.
gel . Each9vvel bbsswedccﬁmausemt Bours] pést surgerysanindicatingrna.

- The sanpl gghady ' ration apart from the addition of
enough SZEDbrorngﬁgﬁEIQl tféjjtc?gco our it. After application of 33 the

sanple the gel was carefully placed onto the

32 12 EXAMPLE 4

' 13
14 A. Pig- hocvtes and Kidney Cells Activate Human
15 Conplement by the Altermative Pathwa
16

17 Following the technique of Grabar and Williams
18 (Biochim. Biophys. Acta 10 193 (1953)), agarose gels 1
19 were poured onto 8 x Scm gléss plates (Figure 3). 10ml
20 of gel mixture was required, and this consisted of Sml
21 2% agarose and 5ml vercnal buffer (VB). (VB is 75mM Na
22 bargitone, 10mM EDTA, -10mM NaN,, pH ¢ 5.) The égarose
23 and VB were nmixed togéther at 60°C just before use.
24 Gels were poured and cooled on a level platform. When
25 set, the gel consisted of 1% agarose and had a depth of

26 about 1.5mm.

28 Wells 3 with a diameter of 3mm were cut about lca from
29 one end of the gel. Each well could contain about 8ul
30 of the sample to be run. The sample had no special
31 preparation apart from the addition of enough
32 brcxﬁopnenol blue to colour it. After application of
23 the sample the gel was carefully placed ontd the



1 platformof the el ectrophoresis tank. Cotton wicks 2 soaked in VB
(the running buffer) were then gently 3 pressed along the edge of the gel
nearést the wells, 4 and another w ck was pressed onto the opposite edge
of 5 the agarose. (It is inportant to ensure that the ends 6 of the

W cks dip into the buffer reservoirs.) A3Z current of 25-30 mA was then
passed through the gel 8 until" the al bum n (visualised with bound

br onophenol) 9 reached the positive (anode) w ck. The process takes 10
about two antl a phatfoom ©of othier cd dvtrephoresiso tankd1 Gotbtopgemicks to
be run simljanegys gqan%,l anapeﬁgelm né he s cu;,gggt @Reh | genBiy be

I ncreased accordingly so that two gel s” requi re mMA and three

require 75 34 PResgEfd &9 thhe edge1of \fhe ¢f cﬂe@&ﬁﬁfes eyyells,

conplete, agi ndaﬁ@t sﬂolauei-hamiﬂ watsr ap@ssézi ém:@I theeBppBEite elge of
visualised wth 18 bronophenagl the gel was renpved fromthe

19 el ectrophor e&h& 2gakosepo (It 1I§ u'B i tMfneREesthat the ends
| mmunoel ect rgphag£sithd 2w2ck® d ngﬁxﬁb e Hurffdri Fzé‘eédr(vfigst 4) A

contai ning the el ectrophoresed _2

proteins from nd | ai,d at
‘one end of & 26FURERRY &% P1EIQ 1A was (thep )&alé%g‘.iﬁ Lihg%%s@“@‘B
27 containigng apeeil 1thanalbtmin toriswapised with boud bromvpheaed)was

h d D! d all.owed, 29 T ' dded
Lot ho.agar Goo/ ERRSRRAERe  Peiiay rf naael B3ks | dhe (eFREPHE, FaksR "

about 31 3@ errd¥ouB?t®¥d and a half hours to three hours. If 8Go orl
The rocket ]B.I at So¥e égfsn §|rgc{:{:oggor:%§xedsi%%lq:eas§é&?sef& and in parallel
12 then the current applied must be increased accordingly
13 so that two gels required 50 mA and three require 75
14 mA, and so forth.
15
.16 When electrophoresis was complete, as indicated by the
17 travel of an albumen marker 9 visualised with
18 bromophenol blue, the .gel was removed from the
19 electrophoresis tank.

20

21 B. 2-Dimensional Crossed uncelectx oresi =D
22  Rockets) '

23

24 Strips 11 (Figure 4) containing the electrophoresed
. 25 proteins from (A), were cut and laid at one end of a
26 new glass plate 13. A 1:1 mixture 15 of 2% agarose:VB
- 27 containing about 1% antiserum to the protein to be
28 visualised was then poured onto the plate and allowed
29 to set. The antiserum was added to the agarose/VBS
30  mixture when this had cooled to a temperature of about

31 50°C.

32
33



. dried under a 28 _current o

2 above, wth the end of the gel containing the 1st 3 dinension strips
connécted via .a.cotton wick to a 4 negative el ectrode (cathode) 17 and
the Opposite end 5 connected to an anode 19. The gels were

6 el ectrophoresed overnight at a current pendent on the 7 size of the
gels; 10mA i s needed for each 8cmlength o 8 gel so.that a gel of 16cm

| ength reqU|res 20 mA of current, and so forth. 10 11 The proteins

Guant: Freq hnd tpeLEeEsd t@%@%%ﬁs Jen GeEEiobhhEpalRE dkdithes
staining fa@ laboviee pwifbsctbe \ﬁnﬁJabfsanh%n gRl | conkapaings ctheedst 15
16 C. Squaghi n@lﬂ?ﬂs%ﬁi n&EQ' ! Scoﬂr?ec%@d s OES@I':% | @i Eég‘l?a for

ei t her conventlona oel ectro oresi s or rockets.
be 20 st nemaﬁgtw@er@cﬁ%:wq (en&: Oﬂe)flb'feaﬂﬁieéﬂ?@SQEPPSlZE E(r!ﬁfade

Mark) papers (Adéé&:g:F&adEd& £0) . aHf e-dRbH&nedg 22 V“rt!fb""aéérls waire Vas

then covered with ayers of 23 absorbent paper tovveII . The assenbly
was squashed Zellectﬁﬁpﬁc’ﬁééﬁd ayesnightcatanl cugzepip&e Q*'Emﬁ’ed:%d

25 the processgigpegecene 5152710A§t &5 hbhegaac e &@;H:hsbctzd”lq
and th ed in PBSfor | east

29 1 hou® t o &0 PR n%abr&l ri :If’lrgd meiﬁng %r]kerﬁ‘allﬁﬁ§ *P ‘P% ri ed

agai n, and st aunesen®] dRdnsoufesthn a 31 solution of 0.5%w v coonasie
brill i ant bl ue G50, 45% 32 Herr]0, 45% nmethanol, 10% acetic acid. 33

34 1 e gel was de-stained by continuous washl ng in 20% 2
net hanol , 116% arteé | protedngntare t Sephraketdoyl the electrophoresis in

12 the first dimension and quantified and visualised by
13 electrophoresis in the second dimension, staining for
14  the purpose of visualisation will now be described.

15

16 C. Saquashing and Stainj Gels

17 _ |

18 This procedure is the same for either conventional
19 immunoelectrophoresis or rockets. The gel to be

20 stained was covered with 1 layer of fibre-free POSTLIP
~1 (Trade Mark) paper (Adlard Evans & Co), pre-moistened
22 with water. This was then covered with 6 layers of
23 absorbent papér towelling. The assembly was squashed
24 for 1 hour, after which all the paper was removed and
25 the process repeated.

26

27 After the second squash the gel was dried under a
28 current of warm air and then soaked in PBS for at least
29 1 hour to remove non-precipitated protein. The gel was
30 then dried again, and stained for 10 minutes in a
31 solution of 0.5% w/v coomasie brilliant blue G250, 45%
32 H,0, 45% methanol, 10% acetic acid.

33



3 clear. It was then finally dried under warm air. 4 5 Figure 5 is
a reproduction of the dry gel. Rocket 1 is 6 a negative cantrol
containing 50[err] normal human serum 7 (HHS) plus 25[err] VBS

i ncl udi ng 10nM EGTA. EGTAis a 8 chelator which renoves cal ci um
calciumis essenti al 9 for classical patBway conpl enent activation, and

. SO the 10 presence of EGTA énsures that conpl enent can only be 11
activated by the alternative pathway. The left-hand 12 (larger) peak is
C3, and thelri gfhehagel ( sasd |cé¢-)speémd3 b)f scaftinuaus eaksihingpriaduzos of

activated G3.  achiithdlt), cegt rﬂet:%é‘ i Cunkld SERL! ALKIEoRba ks

i ndicates 15 only a m nor amount O conp enent activat i
" Rocket 2, 78% pFdedfyt hiideMess then, finald yasried anger tyarmains cockt ail .

There is a &light, but probably 19 not significant, increase in the C3bi

| evel , thereby 20 . indigating that pig erythrocytes only narglnally, I f at
21 all, gt i vALgUREEn 1€‘oﬁp% RAUGElom. of tthehdrr gel Rackes .1 ishe

reason ff)r sm) iapﬁh@@(arﬁwrﬁétxtg/oggéoﬁﬁalgldne soc%felll fzgor%lx/Q%)R %"afxﬁ e%zﬁgﬁgl y
0 pi v/Vv 0 ,
P eden To t hBES) ‘Bas cpsid.vES | fndivatng), 100 Fodhe uebCEh 1s a

wer e added
appreC|aMG£28 chelatior tMeidiBbrenoves, dakiDahi N¢aadiukt {9N edisdhtimiy 29

SOTPIETEN b0 S LYSBS YA i mBie, et
Ant i bodl eslQn presenke REESTR ehsiirgsCoihmtreohplement ccdnsedliyn Hehe

11 activated by the alternative pathway. The left-hand

12 (larger) peak is €3, and the right-hand (smaller) peak

13 is C€3bi, a breakdown product of activated C3. In the

14 control, therefore, the small amount of C3bi indicates

15 only a minor amount of complement activation.

16

17 In Rocket 2, 75% pig erythrocytes (v/v) were added to

18 the buffer cocktail. There is a slight, but probably

19 not significant, increase in the C3bi level, thereby

20 indicating that pig erythrocytes only marginally, if at

21 éll, activate human complement by the alternative

22 pathway. The reason for this poor response is not

23 clear. '

24 |

25 In Rockets 3 and 4, 75% pig lymphocytes (v/v) or 75%

26 pig kidney cells (v/v), respectively, were added to the
7 buffer cocktail. In each case there was an appreciable

28 rise in the C3bi level, indicating activation of human

29 complement by the pig lymphocytes.

30

31

32

33



5 Presence of Rabbit or Human Conpl enment 6 7 A chromumrel ease
assay was used to nonitor |ysis of 8 cells nediated by human serumin

t he presence of either 9 pi g conpl ement, baby rabbit conpl ement or
human 10 conplenent. 11 12 Materials 13344 ° Lynphocyte separation

medi um - Fl ow abs 15 RPM 1640 + 10% i nact. FCS 16 PBS (wi thout azide) -
Oxoid 17 V welled plates - Sterilin 18 Baby rabbit conp |lynph - Sera -

lab - or hyman beip18 conpl enent (dilutes 1+7 in RPML) 20 Heat :
i nactivate sera ?Eg errfC 30 mns) 21 22 Method 23 24 1. Def i bri nat ed

whol e pi g M ood, dlluted 1:1 in PBS 25 was | ayered onto an equa
vol une of E(Kﬂ?’ grohy ale]: - pat ‘ <] :
were spun 27

resul ting éigl

once in PBS. 'E!génn¢@noﬁlRabb; ggsﬁugagsggggggg gtRPNn 1640 and the cel

count S 3%3 adjusted to 2 x 10[err]/m.

200 [err]C of [err]Cr were added to a2 x 10[err] pellet
of 2 gele¢hromiunnrelapse @ssaprwasnmeed e danitot ly8is of
hours. 48 cells mediated by human serum in the presence of either

9 pig complement, baby rabbit complement or human

10 complement.

11
12 Materials
13

14 Lymphocyte separation medium - Flowlabs

15 RPMI 1640 + 10% inact. FCS

16 PBS (without azide) -~ Oxoid

17 V welled plates - Sterilin

18 Baby rabbit comp lymph - Sera - lab - or human or pig
1 complemént {dilutes 1+7 in RPM1)

20 Heat inac:ivate sera (56°C 30 mins)

21

22  Method

23

24 1. Defibrinated whole pig blood, diluted 1:1 in PBS
25 was lavered onto an equal volume of Ficdll Hypaque
26 lymphocyte separation medium. - The tubes were spun
27 at 1200g for 30 mins at 20°C.

28 _

29 2. The resulting pig lymphocytes at the interface
0 were removed and washed once in PBS. The button
31 was resuspended in RPM1 1640 and the cell count is
32 a“justed to 2 x 107/ml.

33



5 4. Label | ed cells were washed twice at 900g for 5 mn 6 ~ uses

sand adj usteed to give a final cell count of 1 7 x 10[err]/m in
RPML.- 8 .9 © b 0. 05m anounts of inactivated sera under test as 10
. serial dilutions in duplicate, together with 11 ' controls, were
. plated out. Diluted conplement was 12 3 added to relevant wells in
0. 05m anounts followed 13 . by 0.05m of |abelled cells. Plates are
i ncubated 14 for 1 hour at 30[err]Cin a CJerr] oven. 15 16 6.
After incubation, thedy 3gies serelePufetd’addedi 88 472 x 107 e {19
of 18 atant is

20[ err] C to_sedi nent t@g cella ng err]

removed int8 | abel | ef% dipe ed atnFHﬁHa?ﬂHFEEa FﬁepéQQNhE@ on
gamma count®r. 20 2lhouks. Results are plotted as a % of the count of the
22 ojiginal l|abelled cells against titre. 23 24 Controls 25 26
Full release control (FRC) - 50[err]ls cells + 100[err]ls 27 Herr]0O +
0.1% + Tweeh 284. Nejabeldedowelds we@| washedelﬁwice Hi:O[SEUU £$Mis Win
Compl enent gontrol ( 0 err]

err] RPML 31 32 33 Gges ai(&[ %.J)]usq:eéé %o gr’J l cei&coun%b%u}ts

2 3 The redults arexsﬂ@ﬁﬁmlnlﬁlgﬂné. . It can be seen that 4 pig

| ynphocytesgare |ysed by human serumonly in the 5 presence of non-pig (ie

rabbit or hunan% conBIenent
9 . 05ml amounts of lnactzvated sera under test as

10 serial dilutions in dupl:.cat_:e, together with
11 controls, were plated out. Diluted complement was
12 added to relevant wells in 0.05m1 amounts followed
13 by 0.05ml of labelled cells. Plates are incubated
14 for -1 hour at 30°C in a CO, oven.

15 _ ‘_

16 6. After incubation, the plates were spun for 15 mins
17 at 900g 20°C to sediment the cells. 100ul of
18 : supernatant_is removed into labelled tubes and 1
18 minute counts are performed on gamma counter.

20 _

21 7. Results are plotted as a % of the count of the
22 original labelled cells against titre. |

23

24 Controls

25

26 Full release control (FRC) = Sohls cells + 100uls
27 H,0 + 0.1% + Tween |

28 Negative control - 50uls cells + 100uls RPM1

29 Complement control (CC) - 50uls cells + 50uls dil’d.
30 comp. + 50 pls RPM1 :

31

32

33



6 but not in the presence of pig conplenent. - The 7 inference is that
one or nore,honol ogous conplenment 8 restriction factors present on pig
cells successfully 9 down-regulate the action of pig conplement but not
the 10 action of human or rabbit conpleggnt. 11 12 EXAMPLE 6 13 14
The purpose of this exanple is to denonstiate that 15 antibody can cause
hyperacute rejection. The concept 16 upon which this application is

based ar os§8assgs§lg§:@ t 17 of the observation that hyperacute rejection

may take. t he absence of anti-graft antibodies but 19

requires f&nctional conpl enent. Because this is a 20 novel observation
there are g0 eXgrrgBaitd ArdSnobh i Figlnk S NIDH &6 Be| YesRBRAE! al e
t hat anti body can cause xenograft rejection. Since in the presence of

23 naturatly EégurlrMO%.ﬁF?%oéye ilysed (Yt hUMan SQFruB40ondy; ok e
whet her thgse ﬁ%gm@eesofrﬁoal-w;ng(ferfhsb@ 0" hifihn$ U Cbmpl @X@RE |, Ment

IS not easy to perform hi's exarrpl e the role of anti body has been
denonstrated byt b?OFurHFndﬂlaF cPﬁ'@@PdH-’rﬁ Rdno P t SPRPFeReN % cor dahe 28

xenograft py iphearancd 280 ithad oRé WP ASEealHomPPogoRsCiddnplement
Reci pients used in this stgg%‘iwere mal e 3 rats, of tgﬁ PVG stra ﬁ%&#&mlq
(Banting &Ki nERSRFisEian %RTS PRBRent 98 Pif(GReAS3 SRGFSS ol d
32 wei ghigg Z&GwﬁOQegulaUeamhedmwme Pigi eompiements Hift mdtsothe

b d f B d d
O ta ne Ioif\Te%% tl ngg%dﬁﬁgnog}agégﬁ Fgfn%lﬁé“%s performed 2

accordl ngx o the nethod of Heron (loc. git. in Exanple 3 1). Hanster

heart s r.e gmo the neck of the 4 rats joining the aorta to the
carotid er 5 pul nonary artery to.the jugular vein by neans
of a cuffiz3 6 technique. Al other vessels were |igated. Hearts

14 The purpose of this example is to demonstrate that
15 antibody can cause hyperat:ute rejection. The concept
16 upon which this application is based arcse as a result
17 of the observation that hyperacute rejection may take
18 place in the absence of anti-graft antibodies but
19 requires functional complement. Because this is a
20 novel observation there are no experiments in the
21 literature which formally demonstrate that antibody ¢ an
22 . cause xenograft rejection. Since in the presence of
23 naturally occurring antibedy it is difficult to
24 determine whether these antibodies are playing a role
25 or not such an experiment is not easy to perform. 1In
26 this example the role of antibody has been demonstrated
27 by turning a concordant xenograft into a discordant
28 xenograft by infusion of antibody of appropriate
29 specificity. Recip::nts used in this study were male
30 rats of the PVG strain (RT1C) (Banting & Kingdom,
31 Bicester, Oxon., UK) between 3 and 6 months old
32 weighing 250-300 g. Heart donors were Syrian hamsters
33 also obtained from Banting & Kingdom and weighing



7 started beating mnutes after the rel ease of vascular 8 clanps and
were nonitored by external palpation. Al 9 operations were carried out
on ani mal s anaest hetised by 10 i nhal ati on of hal ot hane and oxygen. 11
12 Anti-hanster lytic antibody |evels vveV@ measured as 13 follows: 50
[err] of 1% hanmster erythrocyte solution re 14 added to 50 [err] of
test serum whi ch had been diIuted 15 serially. 50 [err] of alin¥

di | f b ' 6

fer o addeq ™ 17 akd08h: 1ot0 arff (PEGRY Ly Bk ﬂ;ﬁ@y%%b Yopegphae)
conpl ement 2 18 aceIRAinGntai N}entnempé eddéi;ra:m v i gigedippEzrmpde 19
M CROFUGE, 3 13000, 1 pihhetes ﬁ‘e‘&‘i‘@)wé:fé eérﬁ‘ftﬁﬁ t:.?x%o e ékr]ag""%ﬁe

nmeasur ed |n t he 'super nat ant . (T IS trade nmark

Positive d&nd redfesi jeinipg %WmamépemaJmo‘e%ét AEtaryeend 5heed to
a 1% 23 550l WO ry f%f@efﬁsﬁﬁ%é’ Ygu lai'rheeix?SH*tﬁeQﬁstBQ azéuff

O err] readln S were otted ‘agal nst the serumtitratjon

x-axis. A$ ca Qﬁh%mefrorﬁﬂgBFEe¥ ¥psselfgvers Ligakeder h@ﬁ??tﬁnto a
rat resultg in dteresd séeﬂgﬁgn&m&egaﬁté&gﬁnbl redeadfe ¢ i fascular

antl-hamster ant bodi es. era.fromsqnme of thes rats [e sep ted
into their® 29 1%oﬂﬂtwﬁF5t EPHW&?& ﬁn Ph'rﬂﬁvﬁl pﬁijon 30
SEPHADEX GQOg dperations Glkdd d:a:h.aréii)f rﬁuwsomgaﬁimrmSﬁstnetuﬁad by
crorratog pyt chni gues eo S HADEX 32 in the separation,
purificat i Hﬂ%@t‘%ﬁ(&l} i VRO Ral materi al s" Curl ing in
 Exp. in Pnyslol and

Bi ochem (19 Q 7-48 .Ker ku cad ess ndon and

5 ochem Ialio R iy #Géﬁﬁ&&xm%ibpgr) {£04£8 ey meibire e'}o e 7
fracti onsiBol | Ecldadwss fStomlt lf A4 hamstEr erptiymbyte sglutiomtwebenst er
5 activi

the fact ?‘Eat & esegg% dgggl eg %rggggres cggﬂgtghgtﬂﬁée%ugfeg]%jé%ﬁgate

grafting the aserigdddtes 50 ul of a 1 in 7 dilution of baby rabbit
16 conplement (Sera Lab, Crawley Down, Sussex) were added
17 and incubated for 1 hour at 37°C. 750 ul of complement
18 fixation diluent were added and centrifuged (Beckman -
19 MICROFUGE, 13000 rpm for 4 minutes) after which the
20 OD,;5 Was measured in the supernatant. (The word
21 MICROFUGE is a trade mark.) Positive and negative
22 controls were CFD and distilled water added to a 1%
23 solution of cells respectively. The results of the
24 OD,;5 readings were plotted against the serum titration
25 on the x-axis. As can be seen from Figure 7, grafting
26 a hamster heart into a rat results in the rat preoducing
27 very high titres of lytic anti-hamster antibodies.
28 Sera from some of these ratsweré_ separated into their
29 component protein fractions by column chromatography on
30 SEPHADEX G200 (Pharmacia GB Ltd, London) using standard
31 column chromatography techniques ("The use of SEPHADEX
32 in the sevaration, purification and characterisation of

33 biclogical materials®, Curling in Exp. in Physiol. and




8 activity resides alnost exclusively inthe IgM 9 fraction. After
assaying for activity, fractions were 10 concentrated using CX10
ultrafilters (Pharnmacia) to a 11 concentration of 0.5 ng/m and stored at
-70[err]Cuntil 12 wused. 13 14 To tesfgfor their ability to destroy a
xenograft as 15 opposed to just lysing red cells, hanster hearts were 16
grafted into the necks of naive rats. As soon as the 17 hanster heart

beat was est ablg; i t RQer, of 1 erm : o] fsied
I mmunogl| ob} i n%ng q’énﬁq) tﬁic)ﬁ?rﬁ?- gﬁét’er an 1:}%0}&67?) V\ércgalﬁ?ﬁltﬁed
intra- 202 ve®HRHS- | RPBAPHe NewsoiorkhelBAQdpar(AhRl “eFAnSERHADEX the

0.5 ng of hoM Gengd iHd \nAkSed tEchooBteie PRl £rd8ti8hal boilelted
destroyed within 15 mnutes, Results from sign of IgG wer e

3 _inf ]
i nconsi stefltt GHEIP EBRe cOMMmA, were ;asFRYEduAM EK@"& ARTLsERBSECRh | €,
in 25 othkersaddisripf hscesarEfed o abrAta. Wéum ndénefist2atehe

G200 colum was .i nfused as, a cqQntral hear rafts 27 | .survived and

were rejecPed | ac%e%ﬁa#?ti e 2 a"':ﬁ)_r tﬁ’rﬂ% ﬁ&’fée Wﬁ'&?’vgéaée&ayg.er?hi s

denonstrat s t haduded ta Hi pdsaTtobEt hertnigrtiridd ther ahticspektidsce
racute, destruction, 31 3

I4%)S 301 hé&iNPEEtilvi Y3 TeRLdEE, ggm?ﬁ%t pFé%%Fé&‘ﬁ?}Yhiénapﬁchazfggn
have 4 denon$trastdon.hatAfter dassayihgofont awtdanidy Af fraebiohs werel ve
o e e PR b el S e B b
Furthernole, congentratidn ofgw.& mgy/wmh ahd stdred at R0 @mamtilt
target cap, used. _
13
14 To test -for their ability to destroy a xenogratft as
15 cpposed to just lysing red cells, hamster hearts were
16 grafted into the necks of naive rats. As soon as the
17 hamster heart beat was established either 2ml of neat
18 serum or 0.5 mg of purified immunoglobulin containing
19 | lytic anti-hamster antibodies were infused intra-
20 venously intoc the rat. Both the unseparated serum and
21 the 0.5 mg of IgM consistently caused the hamster hean;
22 graft to be destroved within 15 minutes. Results from
23 iinfusion of IgG were inccnsistent' with some
24 preparatiohs causing the graft to fail while, in
25 others, the graft continued to beat. When albumin from
26 the G200 column was infused as a control heart grafts
2 always survived and were rejected in the normal time
28 for this model which is 3 days. This demonstrates that
29 the binding of this antibody to a graft can induce its

30 hyperacute destruction.



-9 protect it from destruction by honol ogous but not 10 heterol ogous
conpl enpnt The critical activation step 11 common to both conpl enent
activation bdt hways is the 12 cleavage of the conplement conponent C3.
_This cleavage 13 is brought about by the C3 convertase, C4b2a (the 14
~classical pathway C3 convertase) or the ddhvertase 15 C3bBb (the
“alternative pathway C3 convertase). These 16 enzynes cleave C3 to C3b
which, in turn, can engage the 17 alternative pathway to formnore C3

~convert asest (t eXAMBLEf3ed- back | oop). As a resul't the conpl enent system
is 19 rapidly able to arrplify t he deposition of C3b on a 20 "foreign"

- target. Much of the C3b howeyer does naqt S ccessfull |nIera W th
. the foreigm targR® £3Fa 259 |ﬁ’§ SeR %dnelnfl gﬁ‘ V& hus .

23 indiscrgm rw&md:usbradeaoﬁﬁacehésdefsmﬁm ofl -1 Jé’ehog:tdét t:an
protect these cell

f tt di
conpl enent ,> corﬂt’?‘f)‘?f‘f)? Ocreé)ﬁ%gmgﬁ ﬂﬁ% %gﬁ?VealkgeFagﬁt ﬂ? aé‘i&%ﬁ# 3
ggrmolnent S aelt t flﬁthx?iyhbﬂ bye a‘ﬂtluimbdyuemedbtathdu rmhmpiemérittastmvatlonThf)lse
coprot ei are_invaq Ln.contr ca
al | gs}s/oc:oa?t ed &'Sk?ﬁl F &3t orP% Fa¥dn 30 pﬁ##@%g@,iéq ca ‘?‘F%gg?ﬁélt d
(regul at or 8 of regwlatens 8b thet |smtfan$ ofcthe xenagraftxbapgetusan
demonstral g t NfrdlactDU® Feldr® qulkehdiigh 31UhbibldgtudUbur! Uaben 33

t echni ques "t he *hiuman™ Chrronosone express protei
41 1 ofL0t he eeroiagous complenertace %M#*\c% agtivatdonoskeRay of

xenograft 5 qestée'afﬁ o) bw*béﬁfyeﬂsﬁﬁ a%tivmﬁebb&wa%wis negge

cells. I nes . IS an Epstein Barr _virus-t raniformed

‘tonsil B- é@ll cd eavage m%d‘dt%cf:wlew%mme%t 88rd Thig cleayagpre o
289 300-393 (138lproughBlOabsud MsypBnet £3t eééAvértase, C4b2a (the

14 classical pathway C3 convertase) or the convertase
15 C3bBb (the alternative pathway C3 convertase). These
- 16 enzymes cleave C3 to C3b which, in turn, can engage the
17 alternative pathway to form more C3 convertases (the
18 feed~back loop). As a result the complement system is
19 rapidly able to amplify the depasition of C3b on a
20 "foreign® target. Much of the C3b however does not
21 successfully interact with the foreign target and
22 remains in the fluid phase and can thus
25 indiscriminately bind to the cells of the host.  In
24 order to protect these cells from attack by the
28 indiscriminate binding of complement, control proteins
26 have evolved to inactivate complement components either
27 in the fluid phase or bound to self tissues. Those
28 glycoproteins which are involved. in controlling C3 are
29 genetically all associated within one region of human
30 chromosome 1 called the RCA (regulators of complement
31 activation) locus. In this example we demonstrate that
32 mouse cells which have acquired through fusion
33 techniques the human chromosome 1 and express proteins



" 10 nonoclonal antibody produci ng hybridoma which was 11 derived from
the fusion of .a human B | ynphoblastoid 12 |ine (BLL) wth the nouse
~myeloma cell |ine X63-AG8.653 13 (Kierney et al.(J. Inmunol. 123

1548- 1550 (1979)). T5 14 and B10O cell l4pes are obtainable fromM C
Carter and 15 Dr N C Hughes-Jones of the MRC M Tl G oup at Babraham 16
Canbridge. DB3 is a nouse hybridoma cell line which 17 produces '

anti - progest er ope mond:nnabcast bhodueﬁ.w soitifaceS betlav@ .irNainirin

" 415-417 82) The, f ol | owi_n 1 nucl eoti d ecldl s for
© hunan chro:ﬁ? ssay, Pt Qﬁr(ﬁq{ﬁ’ §= %rc%% %&?M €[ SEQ
# ID 21 NO3 1] humig See IXSATAGTIHCARGUSAGCEEL2Ss) [SEQ ID NO 2]; 22 these

are, requgtlvely, upstream and downstream 23 priners of hunan
antithronbin 2 (AT3) gene known to be 24 on human chronobsonme 1 (Wi et al.

Nucl . Aci d$ ReLelly LiRes 6433 (1989)). The oligonucl eotides can be

synt hesi se 26 by techniques well known to those skilled in the art. 27
.28 High nol ecul ar wei ght genonm ¢ DNA was prepared usi 29 the nethod of
Herrmann afd FrE%chauan( Kpskedn @mlmS'tIQBSMQ}S 'eqnsiy.) B-cell

brief, 100x10[ gr d g 5m
- of | TNE (100n1\/|[ %ilrxle %b&u&é&”ﬁa%éke%iﬁﬁﬁ OEETA{' 1“‘%'55\,\%1 w

"~ treated 339 wi 389 ré&?'&% e|(|4§§é-)l3i (100537Pcrb§r@m; BRANy yntl-rﬁetanus

42 1 pnepar ddbcYeRatXt aALLied rEein é‘g@ifbriablﬂaﬁt ehich aas

and then 4 or GeFINeS AFPR Che aEesPreP $Baas yman B “ixppbablastaifed by

T ™

* anal ysed 8%0 (L\&géfag%—&m-leoﬂ'&%n ]r‘%ﬂ cﬂ'lg%%t 2?‘%383

~optical dmw t yndl EELQ‘.OMI Dirée apeysbtaifabla rf:mﬁcusoo CBEB):rf ahdeach

o a5 PN FEAOHRFE50f 00 B, Bt e (il
Cambridge. DB3 is a mouse hybridoma cell line which

17 preoduces anti-progesterone monoclonal antibody (Wright

18 et al. Nature 295 415-417 (1982)). The following

19 oligonucleotide primers specific for human chromosome 1

20 were procuréd: (5’ -CCACAGGTGTAACATTGTGT-3’) [SEQ ID

21 NO: 1] and (5’/-GAGATAGTGTGATCTGAGGC=~3’) [SEQ ID NO: 2];

22 these are, respectively, upstream and downstream

23 primers of human antithrombin 2 (AT3) gene known to be

24 on human chromosome 1 (Wu et al. Nucl. Acids Res. 17

25 6433 (1989)). The oligonucleotides can be synthesised

26 by tecnniq_ues well known to those skilled in the art.

5 _ _ | .

28 High molecular weight genomic DNA was prepared using

29 the method of Herrmann and Frischaufj (Metheds Enzymol.
30 152 180-183 (1987)). In brief, 100x10% cells from each

31 cultured cell line were lysed by Sml of TNE (100mM Tris
32 pH 7.5, 100mM NaCl, 10mM EDTA 1% Sarkosyl) and treated
33 with fresh proteinase K (100 micrograms per ml). The



12 500 ng of genomc DNA 1.2 ng of each prinmer and 2.5 13 wunits of Tag
*-“DNA pol ynmerase (Ther nos acquatlcus type 3) 14 (Canmbi o Ltd, Canbridge,

UK) using the buffer supplied 15 wth the enzynme. The nucl eot i des
(dNTPs) (Boehringer 16 Mannhei m Di agnost#8s and Biochenicals Ltd, Lew s,
East 17 Sussex, UK) were at a concentration of 2nM each. DNA 18 was
anpl fied for 30 cycles using & ‘programmabl e thermal 19 controller
(Genetic Rebear PrepAratiemtwas cextxastedowithnpbenolks aatai)saturatedi ng
93[err]C 1 nu lyi u nd t rr]C
2 mnutes. 1 %‘errf@%?@lf?&a‘ﬁéﬂr??cﬁ%%@ph?’?t e o 2 ?ﬁ%’i‘%ﬁ on
a 2% 23 aﬁar oSBlgErtar® i {1tds PH YL A0 bGhderoform  15Pamvhuct

i' §$4vvafs deg er%gﬁdnm cemrani sppvyith thﬁl |v|wa£5 otﬁ&&ﬂ?é&d by Bmand? -
- r ar nm i ot echnol.o sal a en

Sulture T chEeeiAtEatioh| And,BialyPes, sdairer 28 Chee LS Bua )
acgel erating anHOEDTmDrmd@naf: 3.00mmt111bcmyc1 Kndo QR talehealat( (41 CExp.
Med. 162 75;92 31 uor ei,n-.co te n nti 32
Cells (Ixib[ertf 91%6%@?)5%3&% Hplvsed ?@wﬁiﬁiﬁ%g §5 “ﬁ%e
anti body 140 (¢coi@entbation] ﬂnitem:.h&a lar rgptuical density at 260 nm.

136 3390 3%5?@@%6%{?‘9@52% t & he f'%“%r%}i\nte%&ba fzeo%h]\legel%r

Uni ver si t yAQvediwas menferredeasydegcribedshy SalBIIaEE @dnt r(casasmmfer
al one. 7 terggp-abaCUO e | Or fxah(auréo Y h?oﬁe'dﬁ %h%a‘ﬁ!"i‘ﬁ'?ﬁ‘;d

6 tinmes, re-suspended and I'ncubat in 10 err| . cont ailning 1
in 100 FIXRC- cAQQghSePE gFanomisy DNA B.anfd rﬁ)GsEaFB (Hw"e’d'ﬁ/raﬁﬁ | iR
chai ns af fii t YarPikis fde pmdprgzragealp ngiherg)cal S

I . 10 _Burl
cgfl s \/veré"’iu:]clu&g%ﬁiﬂn H%nﬁ#el On@{(bg?’%}ﬁ%&e q‘}PfEFaFHPR&led

control s. 155 naeitdB3the enzywee | gfie ssmacbeotddesd (ANTPs) | (Boehringer

FI TC- con] li%at e%a%&iﬁ”ﬁié&%é@ﬂ:ﬂ%éd( %iiop:hemicals Ltd, Lewis, East
17 Sussex, UK) were at a concentration of 2mM each. DNA
18 was amplfied for 30 cycles using a programmable thermal
19 controller (Genetic Research Instrhmentation Lta,
20 Dunmow, Essex, UK): denaturing 93°C 1 minute: annealing
21 S55°C 1 minute: and extension 72°C 2 minutes. 10 pl of
22 the reaction product were analysed directly on a 2%
23 agarose gel run in Tris boric acid EDTA buffer. The
24 product size was determined by comparison with HinecII
25 digested phage X-174-rf DNA (Pharmacia LKB
26 Biotechnology, Upsala, Sweden).
27
28 cultured TS5, B10 and DB3 cells were treated with
29 anti-DAF (decay accelerating factor) monoclonal
30 antibody ( Kinoshita et al ((J. Exp. Med. 162 75-92
31 1985)) and fluoroscein-conjugated second antibody.
32 Cells (_1x106) were reacted with mouse anti-DAF
33 monoclonal antibody 1A10 (IgG2a 10 ug/ml in 100 ul of



14 40, The Binding Site Ltd, Birmingham UK) or the goat 15 anti-nouse

| G preabsorbed with equal volunmes of DB3 16 cells were also tsed:in order
to elimnate anti-1gd 17 reactivity occurring when staining DB3 cells.
All the 18 cells were extensively washedgand resuspended in 200 [err] 19
of buffer. DAF positive cells were detected using a 20 Beckton -
"Dickinson FACS-STAR apparatus for 21 fluorescence-activated cell
sorting (FAQS) a0l yPCS. 022% dZJidepxprelqim Emo%masgtﬂde LK. )

o omsoms 2 i n TS eAEoBCr PPk eBR ) 1ouRE R ey 5w HETH
B10 (hunan-‘srmu@a)ntancbf DBsSw 2ark (anezsmbysupdzcﬁﬂgmgmrehonawt Merk

after anplifica 28 P4 T, 0 z 495 b irs
29 wher easI‘DBB&JI e the BP Ség rréoﬂgggﬁgé Q?gﬁad Q(%beas'&ndpa]to‘;ne:kl') alaﬁftgg
has been reﬁortencnmtim tmndachgucrsl op A3 3thepceddiss M|ushledf 32

ey o 650 Eiaeloe inidnged ol oohutBlePC 0BT SaELGEC 2
© 44 1 c07r esSQMatJ@hII‘B'eIJe 2111 s é'é-'r'ﬂﬁrsﬂe'@aﬂﬁsatﬁﬁﬂ tQQzatZ Ffﬁhr‘hhz _
mouse hybri g cehhtb.l-ﬂeuﬁaox@ ARA @Al ght CHLIRS (dPrdnityd
SRR it eek st o
A simlar ievel Buﬂl:.n@&ﬁel%:ao.&ﬂmﬁ vEsa)| Iforamd sl i ont Dee OUSEREUTAN
0ot B0, BhLSs walle TRUSETRAS R0l WD SoLbE ool pHELL 2o
_preparatiobs. staiming, cohtrols2 SincenDBSe is @CmousescIgel+yecreting
STV (entoashll PRI RAA AU R iR O L
14 40, The. Blndlng Site Ltd, Bimzngham, UK) or the goat
15 anti-mouse IG preabsorbed with equal volumes of DB3
16 cells were also used in order to eliminate anti-IgGl
17 reactivity occurring when staining DB3 cells. All the
18 cells were extensiveiy washed and resuspended in 200 ul
19 of buffer. DAF positive cells were detected using a
20 Beckton Dickinson FACS-STAR apparatus for
21 fluorescence-activated cell sorting (FACS) analysis.
22 (The expression FACS-STAR is a trade mark.)
23 - ' _
24 The PCR method was used to determine the presence of
25 human chromosome 1 in three different cultured cell
26 lines, TS5 (human), B10O (human-mouse) and DB3
27 (mouse-mouse) .. Figure 9 shows that after amplification
28 both T5 and B10 had a band size of 495 base pairs
29 whereas DB3 (ie the mouse-mouse hybrid) had no band at
30 all. It has been reported that PCR products using AT3
31 primers consisted of 2 alleles, sized 572 base pairs
32 (allele 1) and 496 base pairs (allele 2) (Wu et al.,
33 loc. cit.). The bands found in TS and B10 genomic DNAs




15 cells. The results indicate that human- mouse hybrid 16 «cell |ine B10
express human DAF on the cell nenbrane 17 surface as detected by specific
anti - DAF nonoclonal 18 antibodies. The |evel of expression is the sane

as for 19 the human cell line T5. A nougg-nouse hybridoma cell 20 Iline
does not express human DAF. 21 22 Chromumrel ease cytotoxic cell
kKilling studies were 23 perfornmed on these cell lines as is described in

24 Exanpl e 5 aééi‘?espaﬁ:ﬂ”ﬁ@ %Ql%h.%v"sztha%;ﬁmaem%tz?aﬁ:eénihalﬁur@{b
anti bodi es are jncuba ge T5 rri i line the addition of
rabbit conp? emah?mégusgﬂusﬁ hyprid V\Fléll ast#de y§?'9 ofOBFa1RRG RRMAR

conpl enent 3s &Rromddemebkcause, of course, the T5 cell line will possess
29  human Fs. - This is confirmation of the results of 30 Exanmple 5.
When human anti bodi es are used on the human 31 <cell line no lysis occurs
ei t her wit 5 hunBACSoaphdysils 3 the \présenbki ofc DAF cshoved thati e here

are no 33 Gut Cﬁ.ﬁ;&ff@f &2 lhﬁuﬁgﬁ%“&igéeﬁg 5%?22&:9:‘1%:;‘3’%%51}1%

45 not ations to be contitnuéd

det ect any Bi gnhthanmtlle\na& Bébnationadt mmtphoﬂmy 1\3 smlazat lewvedf the
rabbit co hgeh k! 1 %% en
human anti bod| egﬁa bi/%i gf ﬁBBE!tggt ese\}mltéh t m)%gsxeﬂr%gus rlugxa‘ff“

cell line 96 hxw-y@rélﬂz)cekleﬂ kiThe nQO%W%dhb'}‘bé& I"P? beedls 7
conpl e”entloand SHOWE Coalane TR doPRiRihgt b‘&ﬁéﬁs rér ipuesdafeiRBAF

conpl ement can function in such an assay. \\hen the B10 human- npuse
hybri d, éésseﬁ?@t%mdlomEﬁFéﬁﬁgorﬁrﬁpﬁﬁétﬂ-% t o Beveygressthdsat

:eastmﬁAFazllh aw&:u&%ixében:gfahb: eGP 9V %‘§edrb!h]§i\ﬁeh&f ike gi) cel |
(Flure 135 FREsGEHETOR 1 ghesh ntd-Rpustn J0GH% YARMEROREE £8)ng
expr essediky VIuﬁaJmhﬂvd5gozprJ58r3354-mcu9é TGO Frdalisotbed nwith- ba:ran
hybri d 15 cells. The results indicate that human-mouse hybrid
16 cell line Bl0 express human DAF on the cell membrane
17 surface as detected by specific anti-DAF monoclonal
18 antibodies. The level of expression is the same as for
19 the human cell line TS. A mouse-mouse hybridoma cell
20 line does not express human DAF.
21 '
22 Chromium release cytotoxic cell killing studies were
23 performed on these cell lines as is described in
24 Example 5 above. Figure 10 shows that, when pig
25 anti-human antibodies are incubated with the TS human
26 cell line the addition of rabbit complement caused
27 lysis whereas no lysis occurs when human complement is
28 added because, of course, the TS cell line will possess
29 human HCRFs. This is confirmation of the results of
‘30 Example 5. When human antibodies are used on the human
31 cell line no lysis occurs either with human complement
32 or with rabbit complement, showing there are no
33 auto-antibodies. The chromium release technique does



16 have inhibited the activity of the human conplenent. 17 18 EXAMPLE 8
19 20 The precedi ng exanpl e denponstrates that possession of 21 chronosone
1 can prevent xenograft .cell destruction. 22 Wile this is strong

circunstantial evidence that it is 23 the | ocus which is protecting
the mouse cell from 24 xenograft destructidon this exanple provides fornal
25 proof. In this exanple, the effect of transfecting 26 non-human cell

lines with huma e Sk , : it t is
demonstr ated. 2850 S Rher oe, shaubdtlont £ i BEngiakkY dord BhGURR 1,
.30 Lublin &t ake de¥ecttany swamiicigmtigeveds qfggjernguivecpathwayion
of transfecged geklivaition WS W f papBit 330m%§éﬁ9ntt BY LHY GnEnay Lopss d
SFFV. neo using . the 33 teshnl gue descri bed é uhl brirgge et al. (Proc.
Nat | . 4 (Figure 11). However, whép human  ganpgibediesgmare
5649- 5653 - §1988hrubakted wdthitife (DE3 meus&Lh6ideS Byl doalcd X M ke
virus 5' Iogg tgi,'m nal 3 rege & (SFEFV, LTR) (d ark ar& Mak (Nucl. Acids
Res. 10 45 3§¥3943% 1%)03 ?i i 1ing ois aghieved\ by bosh rahpits
5037- 5041 (1983¢pmpletent | apds Wamanobtempiemend HemonstrNEihgarcHape
1 Drive 7, Rockvill,e, Maryl and, USA.

Qe Cold ot Shodd Rkl o) R con 'usBEKHh L) VR St eay
1658). Exp@essWhen €hef Bl dumanwmousefl ihykridsi npossesmiigniluman
(1985)) " ari FacEiERupEBRE" Y diia dnpwclo, pe Pxrrfiifing 8F deatt. axy
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13 of the cell line (Figure 13). The explanation for this

14 is that the human HCRFs being expressed by virtue of

15 possession of chromosome 1 on the mouse-human hybrid

16 have inhibited the activity of the human complement.

17 '

18 EXAMPLE 8

19 |

20 The preceding example demonstrates that possession of

21 chromosome 1 can prevent xenograft cell destruction.
22 While this is strong circumstantial evidence that it is
23 the CRA locus which is protecting the mouse cell from
24 xenograft destruction this example provides formal
25 proof. In this example, the effect of transfecting
26 non-human cell lines with human MCP and exposing them
27  to human or rabbit complement is demonstrated.

28
29 cDNAs were produced for MCP as described in detail by

30 Lublin et al. (J._ Exp. Med. 168 181-194 (1988)).
31 Construction of transfected cell lines was performed
32° using the expression plasmid SFFV.neo using the
33 technique described by uahlbrigge et al. ( c. Na




17 cells with MCP. © Because these cell lines grow as 18 nonol ayers, cel

kllllng was assessed by the ternminal 19 . adeni ne uptake assay as desci bred

by de Bono et al. 20 (I munol ogy 32 221-226 (1977)). In brief, this

‘ assay 21 involved incubation of cell cultuyres'in flat-bottonmed 22 sterile

: 96 well plates with conpl enent and antibod§6 At 23 the end of the
experinmental incubation period;. cell viability is assessed-by the

ability of the qultyure ga 25 t|v ad i,ne. Viahle cells
will take u 26% °5d?£‘%‘g#€'9wﬁ1 %i GAREFadDS <the
have hi gh cGunt Frivegatl splleenmafecusw farming 2&:295 51 cbongn teidimaby
transformed, é:l—gg £y a .

ant i bodi es and H@efl Cgﬂl'\(?)nﬂ}??) Kéigi-}k[ e\rﬁ(ralda:l?av]g Mn’éﬁ

32 However 4 t hé3dScd330 afd98&19i t pnd t (Bracse Natilhodidgada 8Goich 88 has

been denonsgr at 6339349 1N3ABESY )jeart ce11 bt d
47 1 xenograft destrugtlon 32 descrellb él.:.nes were ° aj encefrmg %

cell's are dfrivARerican, Type.Cultnre Gollechien 12 °R~| Iﬂaéadﬁi@ dxived | s

\tMth ]?ot? gwrrannaestv&ab.@ Ma 1aqmoltment éEmuunéé) uswaeméil@@ﬁlﬁ are
ranst ecte

nan | 1s can Qn In the

. presence ofarabls CCofrfte F/e (ARER tcﬁéslssﬁbeerpmﬁﬁ-‘t% by
'Ehe presenc® of ofhthlwn;!mdvmh smﬁbhfﬂirmﬁdsws‘f;w a)fmdliiliechwﬂguerarlﬁ?.ﬂ;d y ne
Fi gure 15 v at ¢ e ai 0 ce t o be

i ndeed 10 i%lue #g %al(wé" M&-@%—mﬁ@-@ﬁ—&y Ei 32%51%. s
of the brebkdowils8sy)he dndmmcs afxtalyéi?s ascuthteaﬂy d@fscﬁihhd.CHOIn:8| I's
by rocket 3 n t or a
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level s (Fikure expression ofhdEGP byt s:eldorﬁdvminqhan dheet FAGS| yusing
engineering  standard technlques.

15
16 This example illustrates the effect of transfecting CHO
17 cells with MCP. Because these cell lines grow as

18 monolayers, cell killing was assessed by the terminal
19 adenine uptake assay as descibred by de Bono et al.
20 (Immunology 32 221-226 (1977)). . In brief, this assay
21 involved incubation of cell cultures in flat-bottomed
22 sterile 96 well plates with complement and antibody. At
23 the end of the experimentai incubation period, cell
24 viability is assessed by the ability of the culture to
25  take up radiocactive adenine. Viable cells will take up
26 the adenine, dead cells will not:; thus viable cells
27 have high counts, dead cells have low counts.

28 .
29 In common with many transformed cells, CHO is

30 insensitive to naturally occui:fring antibodies and the
31- action of the alternative pathway of complement.
32 However, these cells are sensitive to those antibodies
33 which as has been demonstrated cause hamster heart



: 18 conpl enent down-regul atory proteins on the surface of 19 non-hunan
cells will protect those cells fromthe 20 nechanisns of 'hyperacute

* xenograft destruction which 21 have, as a conmon feature, a requirenent
for the 22 cleavage of the C3 conponent of.conplement. 23 24 EXAWMPLE 9 25
26 Following the procedure of Exanple 8, 3T3 nouse 27 fibroblast cells
were transfected with cDNA coding for 28 MCP (MCP clone K5.23). J[err]Cr

vos Thon a0l | nEstEEIas Aledeana o IS T 2EMpD U1 ot
conpl ement 4nd CHRe c®b}Fndreodearied £5ep damater, bhessanvibodies
4[err] C with norddlsd eaheeldHD t €1AB®Vaith HUth MiifaRNtdR@dYradh 28
';nh)e(t B;”emgng‘?rsrglrlggﬁgaﬁpé?&or@]ﬁufﬁ Hipl AR G cazllﬁ)l%f"edtsﬁ{‘.s#g"@ﬁér al
condi tions &nd withurmmah MOP, 3thechralisincas) essky abeaylpsedaindeskei bed
i ShTPLE € BreBERe R Bab8 e RS MM bl s
i ntroduced 7n tbheeneinhibittedebyattilen gresence whfchhechtman MEPE diwithe
the ool 1o Y pebBREEThe) end nahBReE CRTD Vine TG S P ViRe 10
~of [err]Or 2el ctBat ®her Lasilwet pinthe el loNtodbes killed] iscdrideed
Lerr] O ol asaaey £8 o BEatAvad 062 o) Wonydrpage? LUF drdbiaa iy ©
descri bed ilh E@RplEsSdsapefe the breakdosn ajofedthie hhuman 0 G| After
mouse | eulsgeni ¢ nkBu K&l i bile) ol anghest ed bt h b gh Ehe wPNA f gic 1DBR
13  immuno-electrophoresis as descibred in Example 4 above.
14 As can be seen, no breakdown occurs above complement
15 only control levels (Figure 16). |
16
17 These data confirm that genetically engineering
18 conplement down-regulatory proteins on the surface of"
19 non-human cells will protéct those cells from the
20 mechanisms of hyperacute xenograft destruction which
21 have, as a common feature, a requirement for the
22 cleavage of the C3 component of complement.
23
24  EXAMPLE O
25 _ _ .
26 Following the procedure of | Example 8, 373 mouse
27 fibroblast cells were transfected with cDNA coding for
28 MCP (MCP clone K5.23). Slcr was added to the cells as
29 described in Example 5. One volume of cells wasj then
30 incubated with one volume of human heat-inactivated
31 complement and one volume of human complement
32 pre-~absorbed at 4°C with mouse spleen cells to remove
33 anti-mouse antibody from the human complement. The



19 <cDNAs were produced for DAF as described in Lublin & 20 Atkinson
(Ann. Rev. Imunol. 7 35-58 (1989)). 21 22 EXAWPLE 11 23 24 <cDNA for
MCP was prepared and ligated into SFFV.neo, as 25 i n Exanpl e 8 above.

26 27 Using this DNA preparation transgenic mce were 28 produced as
descri bed in Manipul ating the Mouse Embryo, 4829 A Laboratory Manual by B.
Hogan et al, Cold Spring 30 -Marbour Laboratory (1986). Ten to fifteen
(CBAxB10)fl 31 fenmale mce 3-4 weeks old, were induced to 32

superovul at elby MAHERTR | agfch seRiad i 8Alytinng pdtdy comniARRRRIMeTMhi n
f1 rom pr e-gnalnz -rrapagtlel(cﬁwti ?d'lcfeneﬁais cﬁnditjions agd fea_;’txtzres o_ft tAﬂT
conmmer ci a as, Fal I.igon) followe ours | ater N eri,to
i njection ofié uﬁPFE’“&h‘gﬁ i")o%]r%as% %ﬁﬁ&o??’&prﬁ 4?%?‘5#&?&#& «%:a %’c‘f g‘l ne
(supplied 44 coTher ceduiltssflrorcalamg . KS.2ZBe drernshownerin pRiguzre I 7Tat €,
the d t I iRjecti i B mal
ggxt Sayage%l et;‘gmg:?%r é&%ﬁn:ﬁﬂo@% ‘L)F%%Sy\/\é?gt%qﬁ't(a y %g%g%‘ég?fgligﬁ%g@%é | gn

and 8 fert6lizecbNavdesng intradudetlr dn tther reviehss soriéntaeiofhr(da t o

~ four hundred, ov : 1. 30| [ hi s ' two pr, '
clearly visi I'eavtﬂirﬁéfcg,\"'ripNo?tr?géri?skir\s"lE 1?55 W?%ré%’f?%%%‘?grg érenc%%rsgg'ty
optics at 40D x tuanspzghed MEF orDNAQeenfexsecprasestdancien the celds ed
14 with appy oxigpbg! ¥i2PPHg¢OBisCevilddntad Yy PERearaL AR vely 16WqaVEINY
t he MCP cDNA transg%_‘je I'n concentrations 16~ ranging,fromO0:5 to 2
ng/[err]. 07 19f T/ETt REdedgeyi WALKaRS ARRTIFRREET dhedeFENA-RResa Mt

19 into the ovigbwterofsidgmiridant! griwdeeibhat Bad &piféncéd By ethe
- previous night Vi YESETy B148 10002 91¢E" Celcase.

13 ) |

14 EXAMPLE 10

15

16 Similar results to those described in Example 8 above
17 can be obtained with L1/210 cells (a mouse leukaemic
18 cell 1line) transfected with with the cDNA for DAF.

19 cDNAs were produced for DAF as described in Lublin &
20 Atkinson (Ann. Rev. Immunol. 7 35-58 (1989)).

21

22 EXAMPLE 11

23 .

24 cDNA for MCP was prepared and ligated into SFFV.neo, as
25 . in Example 8 above.

26

27 Using this DNA preparation transgenic mice were
28 produced as described in Manipﬁlating_ the Mouse Embryo,
29 A Laboratory Manual by B. Hogan et al, Cold Spring
30 Harbour Laboratory (1986). Ten to fifteen (CBAXB10)fl
31 E female mice, 3-4 weeks old, were induced to
32 superovulate by intraperitonal injection of 5 units
33 serum gonadotrophin from prégnant_ mares (suppliled



21 therefore pseudopregnant (ie, they had ovulated and 22 their

hor nonal  state-was that of pregnancy but their 23 own oocytes had -not
been fertilized). Approximately 30 24 mcroinjected ova were transferred
. to the oviducts of 25 each pseudopregnand9femal e, under anaesthesi a,
either 26 on the sane day of mcroinjection or the next day when 27 the
ova were at the 2-cell stage. Nor mal gestation 28 ensued and seventeen
m ce were bbrn ¢oumereiaddiyheas. Fo2digdm)ecfohlowéedt 48 didupsi dgteas Wipne

b | ot bl | |
onatyais B Cofrbrerdrinbadl Dililerith DEFDE Wni Bl Bite FoRc
pr obes and 113r| maadmzrop@@@gnmmt hbumnansgvnqnang:ve 8Zrine (supplied

50 1 ofgth kRY; to r C t MCP
DA sequence | cgmhalE Rl I8 BnoBidE) [0 ¥he ' FERATASD de¥e phe ¥ |

r epeat ed, &cematﬁat ony tl@ﬁe M\IAOtfortDAF Ch@r‘dégbrlmmeﬁﬁl%rrpl‘@m
was used aoenA/Cﬁ’ Waawfbﬁaqaso Viinal Were

born fromten ers. ree them t wo pne rra trans enic

for DAF, were clbl-‘&gﬁed"eé'se sH%Ww ed S&Rﬁ'éﬂ-ﬁ%]} ot"Hﬁ ocfszt&snman

EXAMPLE 13815 Ifferfipized eomtwer@bigbméeanfﬂﬁnnheu-lovﬁaww ng a 17
human MCP <‘9 transgene was allowed to growto 18 maturity and nated with

a (CBAxB1O)FI fermale. Eleven 19 offspring resulted. Tail cell DNA from
- each of f sgi0 ng THreeva<tc c feaxedhindriedt - bivat, ankdokated un ndHisbewlayd 21

hunan WP &PNAéEhéafHé&“%wéOpQSLEEELEeéMaQHYy J{Eible under Nomarski
12 differential interference contrast optics at 400 x
13 ' magnification. One of the two pronuclei was injected
14 with approximately 2000 copies of the DNA preparation
15 containing the MCP cDNA transgene in concentrations
16 ranging from 0.5 to 2 ng/pl.
17 . _
18 oOva that survived the microinjection were reimplanted
19 into the oviducts of (CBAxB1l0)Fl females that had mated
20 the previous night with vasectomized males and were
21 therefore pseudopregnant (ie, they had ovulated and
22 their hormonal state was that of pregnancy but their
23 own oocytes had not been fertilized). Approximately 30
24 microinjected ova were transferred to the oviducts of
25 each pseudopregnant female, under anaesthesia, either
26 on the same day of microinjection or the next day when
27 the ova were at the 2-cell stage. Normal gestation
28 ensued and seventeen mice were born from ten mothers.
29 Screening of the-offspring was done by slot blot and/or
30 Southern blot (see Example 8), and also PCR, analysis
31 of DNA from tail skin cells, utilizing 32P_jabelled
32 probes and primers that recognize the transgene. One

a3



22 transgene had been inherited. The results are shown in 23 the upper

- part of Figure 18. It can be seen that 24 offspring 0, 1, 5, 7, 8 and 10
have inheritéd. (Four 25 controls were undertaken: human DNA (H); nouse
- DNA 26 (M; nouse DNA mxed with 10 pg human MCP | abell ed 27 CcDNA;, and
nmouse DNA mi xed with. 100 pg human MCP 28 6abelled cDNA.) 29 30 EXAMPLE 14
31 32 The nale nouse obtained in Exanple 12, containing a 33 human DAF

cDNA transgene was allowed to grow to 1 mturity and mated
with a (CBAXBLOPF1thengifspningaca Bade,t pravesli|td ngeotramsigenida atdr cel |

- DNA was scrgenegdnd RepSbih- Be al ysis, using | abelled human DAF cDNA as
4 a probe, to determ ne whet hgﬁetﬁhe transgene had been 5 inherited. The

results are3shown in the | ower part of 6 Figure 18. It can be seen that
of fspring 18.3 e) has inherited. (Four controls were undertaken:
-8 human DNA (H); nouse DNA (M; nouse DNA m xed with 10 9 pg human DAF

| abel | ed c[§\IA; and nouse DNA m xed with 10 100 pg human DAF | abel | ed

CDNA.) 11 1@ 13THé peotedutelof%ExXAmpie?21 was repeated, except that
7 the cDNA for DAF, as described in Example 10, was used
8 in place of the cDNA for MCP. Twenty three offspring
9 were born from ten mothers. Three of them (two female,
10 one male), transgenic for DAF, were obtained, as shown

11 by Southern blottihg.

12

13

14 EXAMPLE "13

15 _

16 The male mouse obtained in Example 11, containing a

17 human MCP cDNA transgene was allowed to grow to
18 maturity and mated with a (CBAXB10)Fl female. Eleven
19 offspring resulted. Tail cell DNA from each offspring
20 was screened by slot-blot analysis, using 1abelled'
21 human MCP cDNA as a probe, to determine whether the
22 transgene had been inherited. The results are shown in
23 the upper part of Figure 18. It can be seen that
24 offspring 0, 1, 5, 7, 8 and 10 have inherited. (Four
25 controls were undertaken: human DNA (H); mouse DNA
26 (M):; mouse DNA mixed with 10 pg human MCP labelled
27 cDNA: and mouse DNA mixed with 100 pg human MCP
28 labelled cDNA.)

29

30 E PL 4

31
32 The male mouse obtained in Example 12, containing a

33 human DAF cDNA transgene was allowed to grbw to



23 24 25 26 27 28 2930 31 32 33 -

52 © 1 SEQUENCE LISTING 2 3 SEQIDNO 1 4  SEQUENCE TYPE
Nucl eot i de 5 SEQUENCE LENGTH: 20 6 7 PROPERTI ES: Upstream pri ner
of human antithronmbin 2 8 (AT3) gene 9 10 SEQUENCE: 11 12

CCACAGGTGI AACATTGTIGT 51 20 13 14 15 16 17 SEQ
D NO 2 18 SEQUENCE TYPE: Nucl eotide 19 SEQUENCE LENGTH: 20 20 21

PROPERTI ES: Downstream prinmer of hupan antithronbin 2 22 (AT3) gene
maturity and mated with a (CBAxB10)Fl female. For each

of the resulting offspring, tail cell DNA was screened
by slot-blot analysis, using labelled human DAF cDNA as
a probe, to determine whethef the transgene had been
inherited. The results are shown in the lower part of
Figure 18. It can be seen that offspring 13.3 (a
female) has inherited. (Four controls were undertaken:
human DNA (H):; mouse DNA (M); mouse DNA mixed with 10
pg human DAF labelled cDNA; and mouse DNA mixed with
100 pg human DAF labelled cDNA.)
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23 24 SEQUENCE: 25 26  GAGATAGTGT GATCTGAGGC

20 27 28 29 30 31 32 33 53.
-CLAIMS -~ * ' 1. A transgenic animal having transplantable tissue,

whi ch does not give rise to xenograft rejection on 5 transpl antati on

into or exposure to the i muno systemof g3 at | east one discordant

speci es. 2. A transgenic animal having cells capable of

expressi ng a honol ogous conpl enent restriction factor of 10 a

di scordant gpecsERUENCE LISTIG A nethod of transplanting animal tissue

into a reci pient, wherein the tissue is derived froma donor of

a different®species fromthe recipient, the donor species 15 being a

di scordant 3pecBE8Q & MOredpect to the recipient, t he net hod

conprising graf fi Sl € agh L reci-pient and providing in
§) 0! BEBRENEE hrpRiCNulitckide

. association wt tTssue one or nore honol ogous
conpl enent Pest BEQUEBRE LENGTHEa@Oors (HCRFs) active in the recipient
species tog20 prevent the conplete activation of conpl enent.

7 PROPERTIES: Upstream primer of human antithrombin 2
8 (AT3) gene
9
10 S8EQUENCE:
11
12 CCACAGGTGT AACATTGTGT ' 20
13
14
15
16
17 8EQ ID NO: 2
18 SEQUENCE TYPE: Nucleotide
19 S8EQUENCE LENGTH: 20
20
21 PROPERTIES: Downstream primer of human antithrombin 2
22 (AT3) gene |
23
24 SEQUENCE:
25
26 GAGATAGTGT GATCTGAGGC 20
27
28
29
30
31
32
33



4. A nethod as clainmed in claim3, wherein the tissue IS an organ.

25 5. A nethod as clained in claim4, wherein the organ is a
heart, |ung, liver, kidney, pancreas or thyroid. 6. A nmethod as
claimed in claim3, wherein the tissue conprises bl ood or
haemat opoi etic cells, Islets of 30 Langer hans, brain cells or cells .
from endocri ne organs. . 7. A nmethoPds clained in any one of
claims 3 to 6, é@#%ﬂﬂﬁherein the HCRF interferes with that part of the
conpl ement acti vats ascade which is common to both the 35 cl assi cal
and al ternative pathways. _ ' 54

Nere 8 o et et o bRaRBbeRtE Unfled MaPidd Fronemt apeibien disdle,
wherein the HCRF wisich daggul apss givel anese 4ot | xehogrnafit CBejection orlO.

A nethod ag cl ai r@fﬁﬂébﬂﬁ%%%‘r"ﬁ?{ iacf}sg rdé%/ﬁ:igeuisfby the im ncgg%{ééﬁn of

activity of: 10 ( \ nown as
i nactivat or at leasfyrongmjiscordant species.
2. A - transgenic animal having cells capable of
expressing a homologous complement restriction factor of
10 a discordant species.
3. A method of transplanting animal tissue into a

recipient, wherein the tissue is derived from a donor of

a different species from the recipient, the donor species
15 = being a discordant speciés with respect to the recipient,

the method comprising grafting the tissue into the

recipient and providing in association with the grafted

tissue one or more homologous complement restriction

factors (HCRFs) active in the recipient species to
20 prevent the complete activation of complement.

4. A method as claimed in ¢laim 3, wherein the tissue
is an organ.

25 5. A method as claimed in claim 4, wherein the organ is
a heart, lung, liver, kidney, pancreas or thyroid.

6. A method as claimed in claim 3, wherein the tissue
comprises blood or haematopoietic’  cells, 1Islets of
30 Langerhans, brain cells or cells from endocrine organs.

7. A method as claimed in any one of claims 3 to 6,

wherein the HCRF interferes with that part of the
_ complement activation cascade which is common to both the
3s classical and alternative pathways.

g



Factor H; 15 ' C4 bi ndi ng protein; DAF (al so known

as CD55); Menbr ane Cof actor Protein (MCP; al so known as CD46
20 ' and first described as gp45-70 and further known as
gp66/ 56) ; CR1 (al so known as C3b/ C4b receptor or CD35);

- and/ or 25 CR2 (also known as CD21 C3.dg receptor, 3d/EBV
receptor and pl40). : 11. A nethod é%iclained In any one of clains
3 to 10, erei the HCRF has the activity of a t a| HCRF who e
30 . gene is Ictate methedrar i‘étj‘lﬁ‘ﬁt’o’r‘ BT‘¥C8F?'SI laims
activation) | ocusqhaméim tohego SHERF bibsn o @t wifa L IHCRBSone 1.

12. A nethod as clained in claim7, wherein the HCRF 35 regul at es
conpl ement activation at C8 and/or C9.
55 13. /A net vdrashedaimgedciaingdi inlzlaimerbi rwhereCREhes HCRF

or has thegctivijggPfates complement {EPHARISGR 404, as HRF or MP);

10. A method as claimed in claim 9, wherein_the HCRF is
or has the activity of:

10 : Factor I (also previously known as C3b inactivator
or KAF);
Factor H;

15 © C4 binding protein;

DAF {(also known as.CDSS);

_ _ Membrane Cofactor Protein (MCP; also known as CD46
20 and first described as gp45-70 and further known as

gp66/56) ;
CR1 (also known as C3b/C4b receptor or CD35); and/or

25 ~ CR2 (also known as CD21l, C3.dg receptor, 3d/EBV
receptor and pl40).

11. A method as claimed in any one of claims 3 to 10,
wherein the HCRF has the activity of a natural HCRF whose

30 gene _is located in the RCA (regulator of complement
activation) locus, which maps to band g32 of chromosome
1.

12. A method as claimed in claim 7, wherein the HCRF
35 regulates complement activation at C8 and/or C9.
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5 » P-18 (al so known as HRF-20, CD59 or MRL); or

SP40.40. 10 14. A nethod as clained in any one of clains 3 to 13,

wherein the HCRF i s menbrane bound. 15. A nmethod as clained in any

one of clains 3 to 14, wherein the HCRF is provided in such a way -

that it is 15 integrated with the cell nggbrane on donor tissue.

. 16. A method as clainmed in claim15, wherein the donor . tissue is
transgenic in thafl3i.t domethod asdcExpr€&sts claim 12nu&h@réﬁﬁnﬂ%ecg@R@gigor

. one or nore HCRFs_,act.LLe .i . reci pient species when grafted into
the recipient. o2Chak fbg égﬁéﬁﬁgg gg'clained in any one of clains 3 to

16, - wherein the recipient species is human. 25 . éS. A met hod
as clainmed in any one pgpgl qhMBo3 7 i,n the donor species
is a pig. 19. G?gfgablg g%?ﬁélageﬂﬁg or ?g e of a donor species,
the cells o tissue bei ng associated with one or nore 30 _honplpgous
conpl enent restrictionptagt gagsaCkh¥@ni Ast BRF-20, C?S?tSPdﬁgRL?Q'g ent
species to prevent the conplete activation of conplenent, the donor
speci es being a di scordant species with respect to the recipient
species. 35 20. 3beouse.of aninmal tissue derived froma donor

10 14. A method as claimed in any one of claims 3 to 13}

wherein the HCRF is membrane bound.

15. A method as claimed in any one of claims 3 to 14,
wherein the HCRF is provided in such a way that it is
15 integrated with the éell membrane on donor tissue.

16. A method as claimed in claim 15, wherein the donor

tissue is transgenic in that it contains and expresses

nucleic acid coding for one or more HCRFs active in the
20 recipient speciés when grafted into the recipient.

17. A method as claimed in any one of claims 3 to 16,
wherein the recipient species is human.

25 18. A method as claimed in any one of claims 3 to 17,
wherein the donor species is a pig.

19. Graftable animal cells or tissue of a donor species,
the cells or tissue being associated with one or more
30 homologous complement restriction factors active in the
intended recipient species to prevent the complete
activation of complement, the donor speciés being a
discordant species with respect to the recipient species.

35 20. The use of animal tissue derived from a donor

%* [ L L] s * '



56 ~ species and one or nore honol ogous conpl ement restriction
fact'ors active in a recipient species, wherein the donor species is
a discordant species in relation to the reci pient species, in the
preparation of tissue graftable 5 into the recipient species.

21. An animal cell which has not becone i m8édalised but which is
capabl e of expressing one or nore honol ogous conpl enent restriction
factors active i rspechesiayl wieclorifore hosolipgows deomplendnt asgsnti¢toidme

~ani mal cell. acto 2 actBﬁ?é’”%H nrtt %%%%&%&C%éﬁfﬁﬁ%ﬂ@rdﬁor

| east. one ogous conpl e
speci es and one (ﬂpm@s sdfuefcedisoordant e sprcirali iy 15elatipnA to phe

expressed by an 5¥Eé¥§1éﬁ%'spé@lé§l'ﬁi Rk BPeparatioh PP dfiste!drattiaie
second species, the first and, second speci es being discordantly

related. 3 inkp Hhe\ FACHPISHeSPICESRi m 22, wherein the animal cel
20 is a cell of a transgenic. aninal genetlcally

i ncor porating the construct, alned in clai

wherern the cel | 3% ot Simal, call yhlghoPas,aor RAGRRS JUWRELIASEd, but,
I slet of 25 lwdnigeh hdss capable onExprésgengtnnaxmmtmpre:mnmaﬂdgbdsw
I ncorporation int |

transgenic é%ﬁPleTen%he con%rtuéngéﬁ%ﬁg%ﬁ%b dﬁyrééé a3ﬁ1east
30 ondo0 homl:@cﬁmcw@temh respe¢ttonthe aanimal ofelk.

di scordant species and one or nore sequences to enable t he codi ng

DNA to be expressed in at |east sone cells of a transgenic _aninal
genetical ly inc@ddor Reepnbinant DNA cempsisimg. DNB coding for at least

one homologous complement restriction factor of a first
'species and one or more sequences to enable the coding

15 . bNA to be'expressed by an animal cell, which is not an
immortal cell, of a second species, the first and second
species being discordantly related.

23. DNA as claimed in claim 22, wherein the animal cell
20 is a cell of a transgenic animal genetically
incorporating the construct.

24. DNA as claimed in claim 22, wherein the cell is of
a cultured organ or other tissue such as an Islet of
25 Langerhans.

25. A genetic construct suitable for incorporation into
the genetic material of an animal to produce a transgenic
animal, the construct comprising DNA coding for at least

30 one homologous complement restriction factor of a
discordant species and one or more sequences to enable
the coding DNA to be expressed in at least some cells of
a transgenic animal genetically incorporating the
construct. |

35
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57 .26. A genetic construct as clained in claim25, whichis in
the formof a YAC. 27. A method of preparing a transgenic aninmal,
the'5 met hod conprising incorporating into an animal's genetic

mat erial DNA coding for at | east one honol ogous conpl enent
restriction factor of a discordant species &t one or nore sequences .
to enable the coding DNA to be expressed in at |east sone cells of

the transgenic 1(26. 2Zhiganetic construct as claimed in claim 25, which is

10

) O D 1

in the form of a YAC.

27. A method of preparing a transgenic animal, the
method comprising incorporating into an animal’s genetic
material DNA coding for at least one homologous

complement restriction factor of a discordant species and

one or more sequences to enable the coding DNA to be
expressed in at least some cells of the transgenic

animal.



