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to biofogically conpatible 4 material for use in transplants, and to the
production 5 and use of such material. 6 7 The replacenent of failed or
faulty @ninal 8 (particularly human) tissue, including organs, has over 9
t he | ast, four decades becone a common pl age therapy in 10 clinical
medi ci ne%. . These repl acenent therapies range 11 for exanple from the
use of 4 the polyethylene 12 terepht hal ate sold under the trade mark

DACRON by 13  DuPont to repghBrifed tyT DEeNESSRPERERL he use of 14
saphenous.-vein as an autografi t0 by-pass blocked 1Ib arteries and to the

transpl ant@ati on fromone human to 16 anot her of a heart. 17 18 Organ
transpl antati opnhas Pndengddithh FeQritd€ario 19io0ldRytHPIRNt comph tiRdes N

I mmunosuppy essants_allow ng 20 . high success rates Lo achi eved .at

rel ativel y}i rmd’é‘g%'eﬂai ?85? use e&@‘?ﬁﬁgan?%‘r 5?§a‘ﬁ°t ?" SEARGEIAP has
22 I ncr edisedandpudeyof sUbhrmageziadw nore than 20,000 23  organ

transpl a'nté_ per annum carried out worldw de. 24  This, however, represents

only approximately 15% of the 25 need as assessed by current
criteria. 7 The riéplzecemampl ypdendalilatd o of dbasrl bygaas bhadl |
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° the last four decades become a common place therapy in
10 clinical medicine. These replacement therapies range
11 for example from the use of the polyethylene
12 terephthalate sold under the trade mark DACRON by
13 DuPont to repair faulty bicod 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 ratio 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 i:ransplantation by Barnard in 1967
30 qenerated' 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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that by the early 1970s fewer than 30 tranZpl ants per 2 year were being
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20 offery a shprthéel M sep@okucdewisCef OthiBeprdtddi@fd 5. of course,
10 fuels demand so that the medical profession and the
11 general public become more aware that heart
12 transplantation offers a real alternative to death, so
13 more 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 transplantation is while waiting for a suitable donor
19 organ tc 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 individuals 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 criteria, 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 or Islet of Langerhans cell
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road accident) which has caused death by injury to some
organ other than that which is being transplanted;

however, there may be some additional injury to or

associated difficulty with the organ to be
transplanted.

'Further, because of the unpredictable availability of
organs from donors, transplant surgery often can not be
scheduled as a routine operation inveolving theatre time
booked some while in advance. All too frequently,
surgical teams and hospital administrators have to
react the moment a donor organlis identified and work
unsocial hours, thereby adding to administrative and
personal difficulties.

In the case of heart, liver and lung transplants, if
rejection is encountered it will not usually be
possible to retransplant unless by chance another
suitable donor becomes available within a short space
of time.

Apart from the above medical difficulties, current
transplantation practice can in some cases involve
social difficulties. In the first place, there may be



13 associated difficulty with the organ to be 14 transplanted. 15 16
Further, because of the unpredictable availability of 17 organs from
donors, transplant surgery often can not be 18 schedul ed as a routine
operation involving theatre tine 19 booked sone while in advance. Al too
frequently, 20 surgical teans and hospitakk admi nistrators have to 21 react
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-8 concern, particularly in certain third world countries,
9 and it would be socially desirable to suppress or

10 reduce such a trade.
11
12 Conventional transplantation surgery, as outlined above
13 with its disadvantages, involves the transplantation
14 from one animal of a particular species (generally
15 human) to another o¢f 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 these xenografts have, however, 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



5 dead humans, particularly as consent is required in 6 sone countries.
t he appearance of a 7 comercial trade in live kidney donors is

Finally,

causing 8

concern, particularly in certain third world countries, 9 and
it. would be socially desirable to suppress or 10 reduce such a trade. 11
12 Conventional transplantation surgery3 as outlined above 13 with its

di sadvant ages,
parti cul ar_spegi es ggsne al

I nvol ves the transplantation 14 fromone animal of a
to another of _th

15 . hunan sa
speci es. 1 sutfmegiatelys "ﬁ’n"f%’t’i‘or’?‘s”ﬁ‘;'%e?e%d QUTSYr afies’ r%ggﬁ??e of
t[\)e 17  daffi cauhﬁarvmi?ﬂteqmi\tgntdforﬁlssﬂld;)mﬁﬁ HOPP | !Spec?Sslg sueli | i ned
above, attentjon a Qcus on_ the ssibilit usi ng
xenografts~in FﬁﬁﬁgﬁﬁgﬁFaFﬁ nigggn a%e &6F5F9Fﬁ3 %?gpﬁgaég%Bric term
commonly uded for the 21 i npl antation of tissues, including cells and
organs, 22 a S é%ggi r yers. s Thers
segeral exanplgégo?ft e 'ﬁ? B?ué%ﬁ%%f%%éﬁéécg%ggeﬁ%bﬁgx?%8§%ﬁ?ﬁéfgg§ tic

repl acenenf 26assgghatigdes. Thuger tigsnpgl Sromethat chdampanzgeee wWhishsdsd 27

the use of 7pi g5t peH&LEOE188RALC rkah¥edr eBl aaaERhn Butvi%e i®KmAnl qrcover
patients with severe burns, and cow 29 unbi | i cal vein as a replacenent

vei n graf

t8

congnn: §19
used is
i

| mune pr

12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33

t kagwnr agi de cancecanitc enbgrhafeenent only.
| ogi cal | y non-functional . The reason for 33 this is that the
esses existing in man

RRFhofheo sane, 3y Ash AP AHLCFEREL: nBREDeR, XEREIFBEH i

While it may be thought that concordant xenografts
might provide the answer to the difficulties with
allografts, in practice this is probably not the case.
Chimpanzees are much smaller than man and chimpanzee
organs are generally not big enough to work in man. In
the case of kidneys this may be overcome by
transplanting two chimpanzee kidneys to replace a
failed human kidneys, but for liver and heart this is
clearly not a possibility. Furthermore, chimpanzees
breed slowly in nature and poorly in captivity, and the
demand for chimpanzees as experimental animals
(particularly in the current era of research into
Acquired Immune Deficiency Syndrome (AIDS)) means that,
vyet again, demand is outstripping supply.
Additionally, there may be some social difficulty with
the public acceptance of the use of other primates as
xenograft donors.

Attention has therefore refocused on discordant
xenografts. It has been commonly believed that the
reason why discordant xenografts fail so rapidly, is
the existence in the recipient species of "naturally
occurring" antibodies against as yet undefined antigens

The tissue 32



1 I medi atel y (mnthln m nutes or hours) destroy the 2 cel lul ar
integrity of tissues fromnobst species. Such 3 xenografts are known as
di scordant xenografts. 4 5 The ferocity of this destruction is

phyl ogenetically 6 associated. Thus, tissue fromthe chinpanzee, which
s 7 a primate closely related to man, €an survive in man in 8 nuch the
sane way as an allograft; such a xenograft Is 9 known as a concor dant

xenograft._ 10 1 While it may ,be th t that c cordan xenograftsg 12
e br ovk de ShetBRCAEROEo STRE 8% (OGRS &F A PuEda Rl | B
practice this 26-psohald?s nos trraecmlﬂdaleﬂwan‘pamaﬂ%camnatuhaiml | er
than man apd chinpanzee LS organs ar.e eneraII not b| eno \ork in
mn 1n 15 ORORELRa o peRlllfeS hrdc ke, ¥elqrah ok gy 14
transpl ant4 ng imdichidpadzscevhianbpyve onateplhasd arnB 1mauh9ddgmaa1
ki dneys, byt f hali %8 ea@g8ﬂeeg Qhaf dQjegCl €arly not a possibility.

ree

Furt her nor e, | mpanz y In nature and poorly in
capt|V|ty,5and the 21 demand for chinpanzees as experinental aninals

22 (partycul gpby o talerégta_ewbnera ﬁhowseu?é Chyb@r‘&é@ce £§ﬁ%5&9—l nmune
Defi ci ency, Synd ﬁg Q g ain ii
outstrippihg B Egﬁl"‘v" 5 Te}@q P'P@nal'l ft I‘%’Pe 915 a e ggf’rgtsoc‘:?alwe

di fficultysw t@o2tmentled.publ In armepbaﬁrQq oigsbs uswheh o{aklografehes as
10 kidney transplantation became a routine treatment, it
11 was observed that transplanted kidneys were
12 occasionally 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. 1In
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
33 against the donor cells. With increased knowledge of
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yet undefined antigens 6 1 of the dohor species (Shons et al (Europ.
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9 antibodies belong to the IgG subclass. Furthermore,
10 the presence of these antibodies always results from a
11 pre-existing immunisation procedure either as a result
12 of previous blood transfusions or as a result of
13 pregnancy or, most commonly, as a result of a failed
14 previous transplant.
15
16 The mechanism for hyperacute xenograft rejection has
17 largely been 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 pathway of
25 complement activation was implicated in xenograft
26 rejectioh (although not necessarily using such
27 terminology). The suggestion first appeared in 1976 in
28 a paper by Schilling et al (Surgery. Gynaecology 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 Transplantation Proceedings 21(1) 520-521
33 (1989)). However, the results were not conclusive,
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11 or reduce rejection in xenografts involve
12 chemotherapeutically interfering with the recipient’s
13 immune system, largely on a non-specific basis for
14 example with cyclosporin A and other
15 immunosuppressants, by plasmaphoreses, by treatment
16 with cobra wvenom factor; Staphyvlococcus 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 approcach:
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 components of the recipient’s immune systemn. In
27 particularly preferred embodiments, the donor tissue
28 itself is modified to appear immunologically 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,
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previ ous bl ood transfusions or as a result of 13 pregnancy or, nost
cormonly, as a result of a failed 14 previous transplant. 15 16 The
mechani sm for hyperacute xenograft rejection has 17 | argel y been t hought
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rejection, as 19 outlined above. The literature on the nmechani smof 20
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in 1976 ing 28 a paper by Schilling et al (Surgery. Gynaecol ogy and 29
Obstetrics 142 29-32 (1976)), The suggestion was nmade 30 again in 1988
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10 Activation of the alternative pathway of complement can
11 be induced by a variety of cell products. These
12 products are not restricted to foreign-invading cells
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
is 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 complete activation
22 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 functioning 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 1is 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 thus causing haemoglcbinuria.
33
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The present invention can be applied in a method of
transplanting animal tissue into a recipient, wherein the
tissue is derived from a donor of a different species
15 from the recipient, the donor species being a discordant
species 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 active in
20 the recipient species to prevent the complete activation
of complapent.

The word "tissue" as used in this specification means
any biological matarial that is capable of being

25 transplanted and -includes organs (especially the
intérnal'iital organs such the heart, lung, liver and
kidney, pancreas and thyroid) cornea, skin, blood
vessels and other connective tissue, cells including
blood ahd haematopoietic cells, Islets of Langérhans,

30 gfain cells and cells from endocrine and other organs
and body fluids (such as PPF), all of which may be
candidates for transplantation from one species to
another.
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based on the discovery that conplenent 7 activation is pre-emnent in the

hyperacut e dest miid@8r8antof spetdBWy afils Waet Bgeclled 0ty S ek Vvedion is
ai ded 9 by thel&l?i ndi.ng of apgr opriate anti bod?} npl ecul esl{qé ] Act?vatl on

of the alter FASGRLIPELARG) OfeRFHRERLATOZ YIUCh BREPNFRAR FISIRISAFI et v

of cell prodygdld nobRSIEly2givitl OHLSES t CaNdypgefdéhebeddfPection,
foreign-invading cells 13 such as bactertgilor xenografts tiut exi st .on

many cells. RETtThEs 9 S3Yi REIFSEISMNYE FnlEvi S (RRd 15

activat & the it egags V@CMBW Ze5500g 1$70) MBsSsSyeh
aut o-1 mune 31 estructl

d d h
exi st ence Y%elﬁ%ﬁﬁgﬁ 5?3T§E1°@&§rpf‘g§'§'n?g&omﬂe}%gaﬁgf’?'ﬁg gpo'?&to ‘e

natural ly preseitldd in nther Lma-ﬁnd mdt ey suakacepmceelizs unbagsez4

nol ecul es 20 referre F‘ﬁ’ as _"hompl ogous I errent %
restriction ot s ) Uy §€en§ élr(ﬁ)nBFet%v?iBtl ’6n°f‘f tfe

conpl enent  aiddregpldmyrationcl assical or 23 alternative pat hvvay by the
productyy of self cells, thus



24 preventing the auto-immne destruction of self. The 25 functioni ng
of such nolecules is elegantly illustrated 26 I n paroxysmal nocturnal
haenogl obi nuri a. In this 27 disease, the nenbrane anchor of at |east
one of these 28 nol ecul es (decay accelglr ating factor) is absent. Thus,
29 the protein is not retained in the throcyte cell 30 menbr ane and
det aches fronlthe cell, which activates 31 the alternative pathway of

conpl erenty and ot DGRy 35h Yo ABUPYERYSN" 8- IE A P UL Gin SSana - 10

- Accordlng to a Pirot asp r ésen nven els prOV|ded a
graftabl e &ni narec@lqscarllwcése@ &Ohtﬁonmwme(%#hor

tissue is ﬁssogaﬁft%ﬂmtmw@)orsﬁackwen SEREA LRGN 0PUL LOIPL 8HBN!
restriction factors mhlch can be used in reC|£|ent sge0|es to prevgnt t he

conpl ete abti VEXFBRAdof cofPferRttlVihY vﬂ%’é’r?ﬁ h&QoRBRPdemants (&
di scor dants spegegéndist ipcesi3d dpPetrA€i6ARCOIE aﬁhesmﬁeiwlxiocompoﬁahtase in

redicine. Jh PRESSN, PYETEEInG) o 2RREhEL ot ThIGH, Sind " BfpRkEN 0

of a differentcensdists bf thrde amajde sab#ﬁtantidﬂsathrmndspmq;eslhelng a

di scor dant8 spegll"g SC%E h %%%‘?L%tmetn% t&en & i Qét?maté&'eb{?e{:ﬂgd classical
9 or alternative pathway, both of which will now be
10 briefly described.
11
12 In the classical pathway, antibody binds to C1l, whose
13 Cls subunit acquires 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 complex
16 has "C3-convertase" activity and splits €3 in solution
17 to produce a small peptide fraqment 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. C3b is membrane
21 bound and can 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 polysaccharides such as endotoxin, acting independently
29 of antibody. The convertase is formed by the action of
30 Factor D on a complex of C3b and Factor B. This forms
31 a positive feedback loop, in which the product of C3
32 breakdown (C3b) helps form more of the cleavage enzyme.
33



conprising grafting the tissue into the recipient and providing in
association with the grafted tissue one or nore honol ogous conpl enent
restriction factors active in 20 the recipient species to prevent the
conpl ete activation of conplenment. The word "tissue” as used in this _
speci fication nmeans any biol ogical materddl that is capable of being 25
transplanted and -includes organs (especially the internal vital organs
such the heart l.i ver_ and, ki dne ancreas, and thyroid) cornea, skin

| ung,
bl ood vessel s GhPPehdhe FrssIcRL 13l AL LTIV RRHRY DI oHRE o
haemat opoixti denadl sis | sabhtsadhed asgethanaction ofbraaicBls elhactivater | s

from endogyine, and ot her organs and. hody f.luids ch,as, PPR),. al f which
may be candi da(tPg%cq-r% hlfl)r'ans rﬁ%atéj’olrbyf W’ghees s"{)‘i@f gbsa?%orén%t %r.m?m - 10a
- A "discardard cameplex" which siEpchrskean( dewar dy yFaason! Ar iagell)lomemgr af t
from whicly i nt | Al ent B | ' : A hyper acut e
rejecti onl,?s t ha]?cél Is}%éon%s\l J%j%c :"ﬁbngnﬁvtf’{ hin "#%ﬁ%sﬁ%or?%%ﬁ%égshnd 5 not
days (Cal #e Transplant Proc 2:550, 1970). Such hyperacute rejections wll

be well krown iy tdyQass iddl |6k 11 tdvhat ive PUtvaydkerd| dotmdn dpeer 24
hours, under § lours oLy8yen Undgh ofg MO @M\ YiPRT 2hnd™ csp
9 fragments. CS5a has anaphylatoxin activity and gives
10 rise to chemotaxis of polymorphs. C5b binds as a
11 complex with Cé and C7 to form a thermostable site on
12 the membrane which recruits the final components €8 and
13 C9 to generate the membrane attack complex (MAC). This
14 is an annular structure inserted into the membrane and
15 projecting from it, which forms a transmembrane channel
16 fully permeable 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 regqulator interfere with

29 the common part of the pathway. The HCRF may be
30 identical to a natural HCRF or simply have the
31 appropriate function. Synthetic and semi-synthetic

32 HCRFs, including those prepared by recombinant DNA
33



10 1 Conpl enent and its activation are now wel|l known, and 2 are
described in Roitt, Essential Immunology (Fifth 3 Edition, 1984)

Bl ackwel | Scientific Publications, 4 Oxf ord. The activity ascribed to
conplement (C) 5 depends upon the operation of nine protein conponents
6 (Cl1 to C9) acting in sequence, of wa3ch the first 7 consi sts of
three major sub-fractions termed Cq, Clr 8 and Cls. Conpl enent can be
activated by the classical 9 or alternative pathway, both of which wll
now be 101 brteshnoliegyranddvarianks however grepansesd, pRpreéwipeludefibody

binds to Gl, WpPS®id3tne PergUibRk! acquires esterase activity and brings
about 14 the activation and transfer to sites on the nenbrane or 15

i mune cordl ex of first C4 and then C2. This conplex 16 has
" C3-converd asers ahlds’ | bgefNthept i bhe§3 d¥bwed) Uthé@loldgouk0 domsiLeReAtsal |

peptide fragnment C3a and a_residual 18 noj ecul e h, .which %ve uite
B0t not | fincrroRer tobiant Stars” are suar EaTHOs PRI FRy) SRdRTA S <tHe
further past iacffon bife theptamEhdénanpl chiscaideonicasaalea wa3lb as tenbrane
21  bound, a | r Qf. .
anti gen- ag7ti bc%/q@% ?gg%ﬁgﬁ%‘%ggf %??'P:Et g{&fiﬁ_&, l%%’ tégﬁ?éeqﬂ%n?sed ]?Y
phagocyt odi s. Hae 2mninal t hody t EPnatabelpatineye tare e®ldonter taveid
activity g  autoimmune reaction. In this invention it is possible

10 in principle for the HCRF to be either membrane bound

11 or free in serum, although in practice it will be

12 preferred to 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 €3b/C4b receptor (CR1),
17 C3.dg receptor (CR2), decay accelerating factor (DAF),
18 C3b Inactivator and membrane cofactor protein (MCP).
19 Putative serum HCRFs include Factor H, decay
20 accelerating factor (DAF) and C4 binding protein
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 C8, is also a
24 putative membrane factor.

25

26 Many, but not all; of the genes for suitable HCRFs are
27 located in the RCA (regulator of cdmplement activation)
28 locus, which map to band g32 of chromoscme 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 CR1l, DAF and Factor H are identified by Rey Campus et



26 I's perfornmed by C3bB, whose activation can be triggered 27 by
extrinsic agents, in particular mcrobial 28 pol ysacchari des such as
endot oxi n, acting independently 29 of antibody. The convertase is fornmed
by the action of 30 Factor D on a conplex of C3b and Factor B. This
forms 31 a positive feedback | oop, in wpgch the product of C3 32 '
breakdown (C3b) hel ps formnore of the cl eavage enzyne. 33 12 1 I n
both the classical and alternative pathways, the C3b 2 | evel is

mai nt ai nedlby e (a;g;g'.orgllﬁ )a &b imattd imteariier (SRasiyr(d.) .Exg3iMedadi |y

.combi nes whth G of aen%’? ?igb‘}%& f‘m‘ir%@z@ghé""lé&f‘aééoi" E-%‘Ee‘i‘i‘:"‘“(@é%)':acmr

| and | oses 5 |ts I'c a erence prop rt I es
cl assi cal dnd dist et¥gabes pbwhmﬁyyear‘éocbﬁ#En as$t SyrmonymausCavithgeCs Cc5

is split tg giywg Oénﬂrgéalﬂ (64%_9)”99&& it qﬁi’yh% Wyhﬁb% two
activity and gives 1 rise.,to chenptaxis of paly b blnds as a

11 conpl 8x wfAFteFsieFereished helatRt nBE: &S‘Ieé‘tslr ael'on Rethey,and
menbr ane whlchmmmmwmﬁmhéfmbﬁplﬁmembn$pﬁeehs C8patitigbT-verddygy BexIhnie the

"o the minbr 4A0SMA° SevioH ot FRmafetary. PAGRPER P X SNGReARE ane
channel 168 fdm ySQQtanabIJe- 203 e ectthmeyt @S_{W weterbkindingt eudte iy
high intergal qRldRd AP ddedy etttierdtislS factb¥nd Factor H with

10 ByH-protein and C3b Inactivator Accelerator. No doubt

11 the nomenclature, localisation and characterisation of

12 HCRFs will continue to evolve, but it 1is to be

13 understood that the present invention contemplates the

14 use of all HCRFs as suitability and preference dictate.

15

16 Other references to HCRFs are as follows:

17 .

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

20 Tamura & Nelson (J. Immuneol. 99 582-589 (1967):

21

22 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 CD55): Nicholson-Weller et al
29 (J. Immunol. 129 184 (1982)):

30

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

33



18 I nflux of sodiumions and water, leading to cell lysis. 19 20

Honol ogous conpl enent restriction factors (HCRFs) 21 useful in the

present invention can in general 22 interfere with any part of the

conpl ement activation 23 cascade. An HCRF may interfere solely with that

part 24 which constitutes the classicalk5pathway, or solely with 25 t hat

part which constitutes the alternative pathway, or 26 nore usual ly may

interfere with that part which is 27 common to both the classical and

al ternative pathwaydS o66/%6); sSeyarekrall (fat ExRe Med- &R &3T1855
interfereanth 29 (idwgyoymon part of the pathway. The HCRF may be 30
Identical _to a natural HCRF or sinply have the 31 appropriate

function. 3 Synthetic and sem -synthetic 32 HCRFs, including those

prepar e(cji y r ecorrPicmnt (8&hBo3knownldsl cm:eshnonegpfamt val j ar(trs 'Exeyer
repare re inc ed 2 te en

ﬁen!toi oned Sgbove L*i'rg%gi o] :"olr’uéévI ég%l—éﬁgﬁt gﬂgﬁgt a Ccfl oné%ac%r 1

subst ance$ whi ch ra'@mxmg.ﬂ_-.-t He2% 20%ct3 QA0 of128R) Jconpl enent cascade in such

a way as tpo 7 reduce or prevent its lytic activity, they are used by 8

the animal_ body to | abel tissue as self to avoid aut oi nmune reaction.
In this i fvention i9R?s (3489 pkeown as <CD21, d/EBV receptor and
9 pl40): Iida et al (J. Exp. 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 follows:

14

15 CR1: Membrane (limited): erythrocytes:

16 monocytes; most B and some T cells;

17 polymorphonuclear 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



10 In principle for the HCRF to be either menbrane bound 11 or free in
serum although in practice it will be 12 preferred to have the HCRF

bei ng nmenbrane 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 putativeaecell 16 menbrane factors

I ncl udi ng the C3b/C4b receptor (CR1), 17 C3.dg receptor (CR2), decay
accelerating factor (DAF), 18 C3b I nactivator and nenbrane cofactor
protein (M3P). 19 Putative serum HCRFs include Factor H, decay 20

accel erating factory, (DAF)  apgh g bi ?ﬂggﬂ Qgg‘tﬁibgi%]; 1A ast ThRge

HCRFs all down-regulate the activity o npl ement by I nterference at
the C3 stadgde. HonpIBRRRRYPB celkstine$ion factor (HRF), which bl ocks at
C8, is alsq a 24 put ati ve nenbrane factor. 25 26 Many, but not all, of
the genes for suitable HCRFS are 27 | ocated in_the RCA (regul af or of
conpl ement 3act iA%it +OR) PEEteing: Javolisd nin iy m°%8q°B§nEe<%F§gw‘b¥°n at

chronosone 6 1 Xhe (&epiCamahetméhbdanbEXpttdak démpDéd; 6&hed hdf8)osr 30
Pocat i on of RS % &FBos Wit SR By (ppdlin e BRE Pufpshe 0
i dentified&y Reywenkpop,ettherelsis gepprgloagnsementinfbut @sciyekanpier
study (J. Bxp. ;N?&’of) 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 homologous restriction factor (HRF) (Zalman et al
17 Immunoloqgy 83 6375 (1986)); and

18 '

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

21 '

22 The C8bp/HRF/MIP 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 functionally
25 absent in paroxysmal nocturnal haemoglobinuria.

26

27 An 18-20 kDa protein is also implicated at the MAC
28 level. The following are believed to be identical (but
29 may not be):

30

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

33 HRF-20 (Okada et al (Intl. Immunol 1 (1989)))}:




2 166 246-252 (1987)). Menbrane cofactor protein (MCP) 3 Is treated by
sone workers as synonynous with C4 4 bi nding protein (C4bp) and it may be
that these two 5 factors are either related or identical. Rother and 6
Till ("The Conpl enent Systent, Springer-Verlog, Berlin 7 (1988)) review
the regulatory factors of C3 convertase 87 in section 1.2.3.2; they
equate C4 binding protein 9 (C4bp) with decay accelerating factor and
Factor Hwith 10 B[err]H protein and C3b I nactivator Accelerator. No
doubt 11 1the nonenclature, |localisation and characterisation of 12

HCRFs will5 continu t oqity4S gggéé gyhRat the
pr esent |nvent|on cgannp t%g??hgﬂl%l Q%&a%#b PéétRF SUIta )Hlty and
preference3dictate. angd 16 QO her references to HCRFs are as follows: 17 18
- Factor | (glso previously known as C3b inactivator 19 or KAF): 20

- Tamura & Nel son (J. _Imunol. 99 582-589 (1967); 21 22 Factor H:
Pangburn ef al (J. Membrame iahdBitsm 9f reactiverAysis p6MIRL) 4

bi ndi ng pretein: Fujiibacguial e€JalFEan. chhd. I4%e2& 84 7 (1984493Q51
(1978)),; 27 28 DAF (al so known as CD55): Ni chol son-Wel ler et al 29

(J. lrmmunol. 129 184 (1982)); 30
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 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 CD59/HRF.20
13 sequence with that of murine LY-6 antigen, which is
14 involved in T-cell activation (Gronx et al (J. Immunol.
15 142 3013 (1989))).

16

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

1o _ _

20 It is preferred that the HCRF interfere with complement
21 activation at the C3 stage. MCP and DAF both block the
22 positive feedback lcop 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, such as invading bacteria,
29 are not significantly so labelled. It may be possible
30 simply to administer parenterally, 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



31 Menbrane Cofactor Protein (MCP;, al so known as CD46 32 and

first described as gp45-70 and further known 33 151 as gp66/56):
Seya et al (J. Exp. Med. 163 837-855 2 (1986)); 3 4 CR1
(al so known as CD35): Medof et al, (J. Exp. 5 Med. 156 1739-1754
(1982)) and Ross et al (J. 6 | mumel . 129 2051-2060 (1982)); 7 8
CR2 (also known as CD21, 3d/EBV receptor and 9 pl40): lida et al
(J. Exp. Med. 158 1021-1033 10 (1983)) and Weis et al (PNAS 81

881-885 (1984\t thel2grafte thiseeediandi Huecansel ofnetbe t furRder
proteins gre J<ﬁ6ffiac§ui€y' Piat 1fndd HCRE. magR]have to “@S’O&%@Fﬁ tﬁédi’%t ed):

eryt hrocyt es; nmonocyt es; and  sone

pol yrmor phdnuclRéiinishaxaa & qhﬂIHQQHH%eRﬁNﬂﬁﬁ%F(FnHSgraft has| tajken

gl orer ul am pogaRdeEs; h&é}?@er, this @E8uld be oWﬁ&fcﬁx@hb |tlﬁbt‘iﬁe °2t2TDSt B
cel 151 2L o e R G P vy ol el T

6

7 It will generally be much more convenient to provide

8 the HCRF in such a way that it is integrated with the

9 cell membrane on donor tissue. Although there may be
10 some benign infections of the transplanted tissue which
11 could 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 coding for one or more HCRFs
15 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
19 preferably from a closely related species for which
20 concordant xenografts 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 possible 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.
32

33



23 24 MCP: ' Menbrane _(wide): all peripheral blood 25

cells (but erythrocytes); epithelial, endothelial 26 and fi brobl ast
cell lineages; trophoblast and 27 sperm 28 29 DAF
Menbrane (wide): all peripheral blood 30 cells; epithelial,

endot helial and fibroblast cell 31 | i neages; trophoblast and sperm
32 33 CAbp: Plasma: |iver syritthesis; and 16 2 H:
Plasma: liver synthesis; fibroblast and 3 nonocyte cell lines. 4 5

As for proteins involved in honol ogous restriction at 6 the |l evel of the
nmenbr ane attack co | ex, the use of 7 which is.al sp conte ted b neans
of the presentThe TRFIBAHPREH SPEGHAS |"€1nger%¥%ﬂ‘aﬁb$¥eﬁ\? ?‘“f”&?‘? §§“ X
proof) in theakeatoively otei nosmnqnzﬁ.hattehe fsay food | cn'mmgahﬁBkDa

rotel ng C(SRRIRRAREAT oY Caby  gP"UGR Hedling, Pl

economlcs and ethics permit.

The donor species may be any suitable species which is
different from the recipient species and which, having
regard to the physiclogy of the recipient species is
able to provide appropriate tissue for transplantation.
For human recipients, it is envisaged that pig donors
will be suitable, but any other species may be
suitable.

10

15 According to a second aspect of the invention there is
provided the use of an animal cell or tissue derived from
a donor species, and one or more homologous complement
restriction factors (HCRFs) which can be used in a
recipient species to prevent the complete activation of

20 complement; wherein the donor species is a discordant
species with respect to the recipient species; in the
preparation of tissue graftable into the recipient
species without hyperacute rejection.

25 A transgenic animal may be produced having transplantable
tissue, which does not give rise to xenograft rejection
on transplantation into or exposure toc the immuno system
of at least one discordant species. A discordant species
is one which would normally hyperacutely reject a

30 xenograft from the animal.



16 honol ogous restriction factor (HRF) (Zalman et al 17

| mrunol ogy 83 6975 (1986)); and 18 19 MAC-inhibiting protein (MP)
(Wwatts et al. 20 (1988)). 21 22 The C8bp/HRF/ M P protein is
attached to the cell 23 surface by nmeans of a glycolipid anchor, as are
CD59 24  and DAF:. these proteins are kno%@ 1o be functionally 25 absent

I n paroxysmal nocturnal haenogl obi nuri a 6 An 18-20 kDa protein is

al so inplicat te ﬁ@% 8 T (o) elkeved to be

i dentical (but f%r&g?/ not é a’)u&lg%eéﬁy Révé é%’% 2%% }?Jfg Jé% al (J.

Bi ochem 104 63¥RUe88}Rhy; azhoypplogous mésme%cﬁ?%‘ﬁr%tepﬁt Ifaqtffinol 1

(1989) )); JJf 1 a?nother %‘i%:iéaw es ehell HoholFsgod®d.conpebnes9)));

and 4 mhrane |nh| hitor of reactive lysis (MRL) 6
(HoI oguin et FEStTistion nestan ¥ildoggpperally be active in a
5 species which is discordant with respect to the species

of the transgenic animal. The cells may be of one
particular tissue, with preferences being as described
with reference to the first aspect of the invention, or
of more than one or all tissues, in which case the

10 animal may become a donor of more than one tissue.
Such a transgenic animal may be regarded as a
collection of non-transformed (in the sense of
non-proliferative) cells.

15 -
A non-transformed animal cell may be produced which is
capable—ﬁf expressing one or more homologous complement
restriction factors active in a species which is
discordant with respect to the animal cell.

20
Recombinant DNA may be produced comprising DNA coding for
at least one homologous complement restriction factor and
one or more sequences to enable the coding DNA to be
expressed by a non-transformed animal cell. The animal

25 cell may be a cell of a transgenic animal genetically
incorporating the construct. As an alternative, the



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 are shown to be
i dentical: probably 11 they are the sane as P-18/ M RL al so. It should
be 12 noted that there is sone honol ogy of the CD59/HRF.20 13 sequence
with that of nurine LY-6 antigen, which g 14 i nvolved in T-cel
activation (Gonx et al (J. Immunol. 15 142 3013 (1989))). 16 17

SP-40.40 is alsellnmalved ah MAEuredulciden dKistgrdrunddie SicRl aEMBR 8,
711 (1989)). ferred that the HCRF interfere with

1
conpl enent 21 ?S§8F 9§t Fﬁﬁggfgf"ﬁ@ C3 stage. MCP and DAF both bl ock the 22
positive feedback loop in the alternative pathway of C3 23 activation,

Resoctation w rothee B REELNE R 1 prbauob Wlitdh 13 BLEKGHTE EO:
adni ni st%r ed |hn9¢rP°§§§h°§ Wafot khe SR@%ﬁ%ﬂtﬂﬁﬁ%ﬁikl|%fI§Beﬁné§ahst§elf

28  but ot her £8&ﬁbgndﬂﬂfﬁﬂéﬁen§éCHn&&dﬂ“ﬁﬂhachﬂstiﬁd% S rféfn ot
significantly so | abel | ed. e possible 30 S|gp to a m ni st er

parenteral |y, DR IGRIPY t%"?hé‘ 1 ea&rtaf ©ong shgmo Lemenbriat e
HCRFs. Howevefes©rictisnpraetioge a Sor@yofohoke Wdlﬁ:fcask besauﬁsbpé t he

33 difficul té’hg fcgggxsxign%ﬁdetoéjaée legﬁ%le'sss%d o.n Of tEeas%RFsone cells
10 of a transgenic animal genetically incorporating the
construct. Such a genetic construct may be in the form
of a mini chromoscme known as a YAC. As above, the
homologous complement restriction factor will generally
be active in a species which is discordant with respect

15 to the species of the transgenic animal.

A transgenic animal mwmay be prepared by a method
comprising incorporating into an animal‘s genetic
material DNA coding for at least one homologous

20 complement restriction factor and one or more sequences
to enable the coding DNA to be expressed in at least some
cells of the transgenic animal.

Methods of producing transgenic animals are in general

25 becoming more widespread, and the detailed steps to be
taken may be as now conventicnally used in the art.
For example, WO-A-8800239 discloses the steps needed in
principle to construct a transgenic animal.

30 " The actual method of incorporation of the construct
into the cells of the transgenic animal may be by



18 1 at the graft tissue and because of the further 2 difficulty
that the HCRF nay have to be repeatedly 3 adm ni stered to the recipient
after the graft has taken 4 pl ace; however, this could be overcone by the
use of 5 speci al i st pharmaceutical delivery systens. 6 7 It wll
generally be much nore convenient to pravpde_8 the HCRF in such a way
that it is integrated wwth the 9 cell nmenbrane on donor tissue. Although
there may be 10 some benign infections of the transplanted tissue which
11 coul d cause, suitable ex resg %mfgr. ghﬁ st 1% referred route
of achi eving tHixE Ié?\d“?%e‘f%T B he %o%?nﬂ edtAEHe 1 EHEFATIL A% 2
that it contaiowshend d4itabd egedshaodic| ei cThei cpre&liimgiria;ryor@enetrim e
HCRFs 15 acti e e :
reci pi ent. d%?‘ %%%%eén’?gbﬁsgé égﬁ%}%&ggn%%nue @gekg&.grotecgé é% IEIC?RF
indefini%ely. germeraldGRPTRiedwed8 genetically der| ved fromthe
reci pi ent species or |less 19 preferably froma closely related species
for which 20 concordant xenografts may be possible. 21 22 Al t hough in
principle the DNMseedingdéasr HORFsud segitBer ayad liake aiBerPNaulforme,
it is preferab f athepéd dediiCegl ! & o] ran

P trg bé? d bd O%Lk‘ﬁ%& ee%éwwnal %Qﬁ:ﬁ\a ng .

ani mal . The 2 nsgeni ¢_ani nal express be caE 24
&RBREdRS or

expressing) tReNITIeSat | EB& @% tq%js‘c}'égté% é;cayt r3FSP

preference. Heaeteir @M iy pridbally e KBeés€Nthatactériked®un@Chas
possible to blgd t he HCRF

een described by Medof et al (PNAS 84 2007-2011

(1987)). A physical map of the RCA gene cluster is

given in Rey-Campos et al (1988) (lec. cit.). Variants

of DAF and their preparation by recombinant DNA

15 technology are disclosed in EP-A-0244267; such variants

may be used in the present invention.

Because of the better characterisation of the genetics

. of DAF, and the known sequence of cDNA encoding DAF,

20 DAF constitutes a preferred homologous complement
restriction factor.

Preferred features of the present invention are included
in the dependent claims.

25 .
The invention will now be illustrated by the following
examples. In the examples, reference is made to the
drawings in which:

30 FIGURES 1A to 1E show successive ECG traces for a

rabbit’s heart grafted onto neonate pigs in
accordance with Example 1:



29 to the cell nenbranes of the donor tissue by sone 30 bi ndi ng agent
(such as a hybrid nonoclonal antibody 31 (MIstein & Cuell o Nature 305

537 (1983)) or receptor. 32 33 - 19 - The recipient species wll
primarily be human, but not excl usively. QO her primtes nmay be
suitable recipients, as may any other sperjes where the 5 econom cs and

ethics permt. The donor species nmay be any suitable species which is
different fromthe recipient species and which, having regard to the

physi ol ogyrof the rPEIGPRENt2 sgitowesthe kksult abfeal argdivimmunpassay at e
tissue for,transpla | (o] rec pi i1 | sag that pig
donors w I?I' be sui tg%?%%:ggaflga%?gg%ﬁ g%% Sisgers%yir%eﬁgﬂgﬁjé%l Z. ﬁgg E%
According 30 a secofdgnifscantf ampuntavofit Rpbispecdessaptdbodyd t he use of
an animal gell or tissue derived froma donor species, and one or nore
honol ogous_conpl enent restriction factors (HCRFs) which can be used in a
reci pi ent Bpecies tBIFERENt3 t EREYFpl Serbrinvasitdges 20f pPrw@Lénent ;
wherein the donor sgeettfopBoedis§;oadaiikedPefi BRaplB ggspect to the

reci pient species; in the preparation of tissue graftable into the

reci pi ent %pecies wi t hout hyperacute rejection.

8 FIGURE 4 shows certain stages of two dimensional

9 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
15 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-transplant (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 fractions;
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 T5, bl0 and DB3 cell lines, as described in
30 Example 7;

31

32 . FIGURE 10 shows 2lcr release figures, indicative

33 of T5 human cell line being lysed by rabbit



25 A transgenic ani mal may be produced having transpl antable tissue,
whi ch does not give rise to xenograft rejection on transplantation into or
exposure to the immuno system of at |east one discordant species. A

di scordant species is one which would normally hyperacutely reject a 30

xenograft fromthe aninal. - 20 - The 24 ansgeni c animal may have cells
capabl e of expressing a honol ogous conpl enent restriction factor of
anot her speci es. The honol ogous conplenent restriction factor w il

general |y be activecpmpdement sheti esothi bhman deooplkement t hnr etpect to
the specieg of the pLALFELC 881 "Blg MY CRhhENTRLIS PbAdRR Par biscul ar
nces as _desScribed wt

tissue, with prefer hel ng , as reference to the first
aspect of 3he invenffERCTaPedf 1R0E¥aBRAR de or all tissues, in which case
t he 10 4animal may becone a donor of nore than one tissue. Such a

t ransgeni c_ani nal regarded as a collection of non-transforned (in
the sense® of non?§¥ﬁaﬁgeigtﬁ stceIF§ie§§eAfﬁHHrFFan§ AHrRd1Xs Rl 3cel
may be progluced whi eailareapgbhamah anyierdiies dne DyseoTs hamahogedld
conpl ement_restrictjon facitt rs a&iﬁﬁehhrﬁxa% SPeCl ggb\ﬁ@__l ch |psléjlhésg€'r d%rét W th

respect to’ the ani mat &St ¥ con

8 described in Example 7;

9

10 FIGURE 12 shows °2lCr 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
14 described in Example 7;

15
16 FIGURE 13 shows °lcr release, illustrating that
17 the human-mouse hybrid cell line B10 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 described in
21 Example 7;

22

23 FIGURE 14 shows uptake of 3H 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; '
28
29 FIGURE 15 shows uptake of 3H adenine in counts per
30 minute by CHO cells transfected with human MCP,
31 showing that these cells are killed by immune rat
32 serum in the presence of rabbit complement but are

33 not killed by this immune rat serum in the



Reconbi nant DNA may be produced conprising DNA coding for at |east one
honol ogous conpl enent restriction factor and one or nore seqguences to
enabl e the coding DNA to be expressed by a non-transformed aninmal cell. The
ani mal 25 cell may be a cell of a transgenic animal genetically

i ncorporating the construct. As an alternggive, the - 21 - cell may be a
cultured organ or other tissue such as an Islet of Langerhans. A genetic
construct may be produced which is suitable for 5 i ncorporation into
the genetiq materi alprésatc@nidfal hifafr bS]l eménBNsgesi detribedt Ham
construct %onprisin ging for at |east one honol ogous conpl enent
restrictioff factor qﬁ%? nore sequences to enable the coding DNA to be
expressed Bn at |east some cells 10 of a transgenic animl genetically

i ncorporatigng the coRgyriCtie %{,@ %q'é&k&eﬁﬁt%%%f“qutﬁgtl n lH;eCHé)r m of

a mni chronDsone knomn as bove ous cb nment
restrictiof factor\MﬂchyﬁﬁQQQQ%/QR§Q§ihQ§alnlEﬁ%@%&@@stﬂhFEHan 15,

di scordant gwi th res&_q-pé 33 conPonthtPF Chutlart heohpARSHSEC A fRje A
transgenlc ani mal ﬁ ared by a nethod co r|S|ng |ncorporat|ng into

an ani mal ' ¢ genetic W%(ﬂ% A% dgesq ¥ydis 20

~conpl enent grestriction factor and one or nore sequences to enable t he
codi ng ElL‘tO be ex%ﬁﬁﬁﬁﬁ? i? QﬂoLSasnc§orelea5e figures, indicative

10 of 3T3 mouse fibroblasts being lysed by naturally
11 occurring antibodies in the presence of human
12 complement and the protective effect of ﬁhe
13 expression of human MCP by the mouse cells; and

14

15 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.
18

19 EXAMPLE 1

20

21 Xenograft Rejection Takes Place in the Absence of any
22 Antispecies Antibodies

23

24 In general, animals cannot survive without circulating
25 immunoglobulins. 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-produced
29 antibody. This passively transferred immunoglobulin
30 confers protection on the young while early immune
31 experience is acquired. In mammals this passive
32 transfer of maternal immunoglobulin usually occurs both
33 transplacentally and via colostrum. In a few species,



cells of the transgenic aninmal. Methods of producing transgenic aninmals are
I n general 25 becom ng nore wi despread, and the detailed steps to be
taken may be as now conventionally used in the art. For exanple,

WO A- 8800239 di scl oses the steps needed in principle to construct a
transgenic aninmal. 30 The actual nethgg of incorporation of the
construct inte the cells of the transgenic animal may be by - 22 -

m cro-injection, by spermnedi ated i ncorporation or any other suitable

met hod. 1The ybwdddi naﬁHeQQE%bﬁuf‘B”bEU Rkl g%A@&hgl&e 1@.«!&93@ CRﬁFJAﬁtI ﬁoat ]
codal.n for S IS el er

prokaryote, as is ner.a referred.

avai | abl e i% CW?H“H‘O% cb’éydgaﬂc (EFABSESEYER | BV atthdiSorrorte -
tecgnio ﬂues 3 Time quh chsli agef gﬁcﬁg@gﬁc&g&el enan ri&bﬂ&nal iﬁﬁ?l@édf Di) is
probably the char erlse nd.  has beep descrihe Medof et

(Pas B oo PbiAtRedoson Coldierill, 2 Mhis’s thortcBazh (R okl | o
given in R&y- Caprimps ate alx ]QBB)cipbe: immingglaknl am+freé. DAF and their
preparatiog%by reconbi nant DNA 15 technol ogy are disclosed in

EP- A- 02442 such variants nmay be used in the present invention. Because
of the better dRF%RtwWhiks: Pdgoivere gekeni & Hipr, apdd pliacacholm a

ﬁequ?ence ofg CDNA?@d@ﬂdbageDﬁﬁrm& by H¥¥-wREeE! bEtelesa At AIE Seing

onol o ous ene

g lloweé to suckle. Two pigs from each farrowing were
10 taken for each experiment. These animals weighed

11 approximately 1kg at the time of birth.

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 become 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.

27

28 Recipient pigs were anaesthetised initially by
29 Halothane/02 inhalation. An intravenous butterfly (23
30 gauge) needle was then inserted into a mammary vein,
31 anaesthesia maintained by intravenous ketamine. The
32 pig was simultaneously kept hydrated with intravenous
33



restriction factor. Preferred features of the present invention are

I ncl uded in the dependent clains. 25 The invention will now be illustrated
by the followi ng exanples. 1In the exanples, reference is nade to the
drawi ngs in which: 30 FI GURES 1A to 1E show successive ECG traces
for a rabbit's heart grafted onto neonat .figs I n accordance with Exanple
1; 23 1 - FI GURE 2 shows the res of a radi oi nmunoassay 2
indicating that the pigs used in Exanple 1 had no 3 si gni fi cant
amounts of y ant LSR§QHIES an%’em;aﬂdS DA bIdddREamp1HYVSre rhg'agm
stages of  protein 6 el ectrophoresis, as used In Exanple 4; 7 8

FI GURE 4 sPowsPEertzpRspLlagss of two di nensional 9 crossed

el ectrophogesis, as used in Exanple 4; 10 11 FI GURE 5 shows the
"12D Rocket s" result| from12 le 4, 13 14 FI GQJRE 6
shows t he ?esuwpeoFahggﬁrbﬁﬁS%leﬁﬁﬁﬁ?gaggnant° the | negk; 9t Lbsy Pigs
Exanple 5;5 after the method of Heron (Acta Pathol. Microbiol.

6 Scand. 79 366-372 (1971)). The aorta was anastomised
end to side (6-0 prolene) to the carotid artery and the
pulmonary artery anastomised to the jugular vein. All
other cardiac vessels were ligated. Hearts began
10 beating within a few minutes of removal of clamps.

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

O 0

14 cling film.

15

16 The ECG results are shown in Figures 1A to 1E. The
17 trace shown in Figure 1A shows 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 1is no detectable heart beat,
21 evidencing hyperacute rejection.

22

23 This exémple therefore demonstrates that hyperacute
24 rejection of discordant xenograft takes place even in
25 the absence of antibodies.

26

27

28

29

.30

31

32

33



16 17 FIGURE 7 illustrates titres of lytic anti-hanster 18

anti bodies froma rat recipient of a hanster heart 19 graft,
pre-transplant (day 0) and days 5, 7 and 9 20 post-transpl ant, as
described in Exanple 6; 21 22 FI GURE 8 shows graphically ODs of &00
fractions; 23 the histogramillusthgtes titres in each fraction 24
of lytic anti-hanster antibodies froma rat 25 reci pient of a
hanst er heart, as described in 26 Exanpl e 6; 27 28 FI GURE 9
shows a Sowt hergxAMpne af DNA extracted 29 from T5, bl0 and DB3 cel

| ines, as described in 30 Exanple 7; 31 32 FI GURE 10 shows
51Cr rel ease figures i ndi cative 33 of T5 human cell |ine being

| ysed by r &bbi t s qrged : oot wee i
the 2 4 p@ﬁﬁﬁﬂﬁﬁi of pig antl-hunan antlbodles as 3
decscribed in anpre 7, 45 FI GURE 11 shows rel ease figures,
i ndi cativeSof a 6 failure of human anti bodies to |yse T5 hunan cel

7 ligne elddpre Wt Pipnigd wabbida L S Ed ¥ the method of
7 Greenwood et al, Biochemical Journal 89 114-123 (1963)
8 modified by Davies and Howard (not published).

9 _
10 The fbllowing are added into a polystyrene tube (LP2
11 6cmx 1 ém) in rapid succession:
12
13 25-50u1 protein (at 1mg/ml conc)
14  3-4u1 Nal251 (100 mci/mil)
15 104l chloramine-T (*4mg/5ml; O.SM)
16 sodium phosphate buffer (pH 7.5)
17 * must be freshly prepared before use
i8
19 These components were allowed to mix for 30 seconds

20 with continuous agitation. Then the following were
21 quickly added:

22

23 50ul DL~tyrosine (sat. sol. in 0.5ml sodium phosphate
24 buffer pH 7.5).

25

26 300ul 2% BSA/PBS/azide

27

28 The labelled protein is then separated from the
29 unreacted iodine, by the use of a small column
30 8cm 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. 8Six drop fractions are



8 described in Exanple 7; 9 10 FIGURE 12 shows 51Cr rel ease
figures, which 11 denonstrate that human anti bodies can |yse a 12
nouse- nouse hybridoma (DB3) in the presence of 13 bot h rabbit

conpl ement or human conpl enent, as 14 described in Exanple 7; 15 16
FI GURE 13 shows 51Cr release, illustrati®g that 17 t he human- nouse
hybrid cell line B10 is |ysed by 18 human antibodies in the
presnce of rabbit 19 conpl emrent but notéLésed human anti bodi es

in 20 1t geljesdadclnfio RekrsErgnentwbes a{LB2}er | Fhe oplumn is

Exanpl e 7; 222 23uted untiBURetld cheWpratiaike &ﬁd3'ﬁh%.de(1n‘§ﬂ' Logaey s 24
t hat "t hese ¢ |1 ed by

per mnute) by IIs shomﬁn |

i mrune ratgserﬁgﬁg$ &rResm fedgand the’ FGﬁ&HaCE&NﬁFXmé% aﬂ; o% abbi t
conpl enent 4 &mezEractlonsﬂxsnmdaatnea_Exanple 8; 28 29 FI GURE 15
shows uptake of 3H adenine in counts per 30 m nute by CHO cells
transfected with human MCP, 31 showi ng that these cells are killed
by i mune 6at The radicamrivmtiyn inmorpesated Dhtoabbet protelienean e are

33 pot  Kiahl e ped Riphig: Mune rat serum in the
8
9 radiocactive counts in protein = original total
10 counts - counts in iodide peaks
11
12 The radiolabelled IgG (referred to now as "isotope") is
13 then used in an assay for (pig) antibodies in the
14 neonatal pig, as follows:
15
16 Materials
17
18 PBS + 0.01% Azide - Oxoid
19 PBS/BSA 1% - BSA-Sigma
20 Isotope =~ rabbit anti-pig IgG whole molecule with
21  12-18 x 103 counts/min.
22 Heat inactivated sera (56°C 30 mins)
23 Anticoagulated blood samples.

24

25 Method

26

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

31

32 2. Serial dilutions of inactivated sera were prepared
33 in PBS/BSA from adult pig (positive control),



25 1 presence'of human conpl enent, as described in 2 Exanpl e

8, 3 4 FI GURE 16 shows "2D rockets" show ng that, in the 5

ci rcunst ances described in relation to Figure 15, 6 t he C3 conponent
of _human conpl enent is not 7 cl eaved to form C3b, as described in
Example 8; 8 9 FI GURE 17 shows 51C§grel ease figures, indicative 10
of 3T3 nouse fibroblasts being |ysed by naturally 11 occurring

anti bodi es in the presence of hunman 12 conpl ement and the protective

ﬂs fect of nlhgu éé 18ner<]3na£ﬁ(amr epi&;on(tsés@uglawm ]?drt heapBis e (fklgativand 54
shqws ana 1S.0 on
generatlonEtransgenlg & u3|§g°$%%ilﬁga s weré)#ﬁﬁk%Dﬁﬁ Eﬁﬂbé%?ﬁo

| abel | ed DAF cDNA aduitomsbdn B@pldcatEXAVAubes %@r2l incdhadmpdafat Rej®cti on
Takes Placg in the AhsenceRfs2ny 22 Antispecies Antibodies 23 24 In
general , aninmals cannot survive w thout circulating 25 I mmunogl obul i ns.
These are Produced by |ynphocytes in 26 response to antigenic stinmuli.

I'n early ngonasal ImfoeIQEncdmw Ul iweky hashedethedeMtligiedalin
I mmunogl obgl in 28 act/%s%is a 05m tr)’%lr-y[solébstltute for th(ligegelf produced

ope was then a to eac

8 tube and incubated overnight at 4°C.

9

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  EXAMPLE 3
23

24 Demonstration of Relevance of Complement €3 to
25 Xenograft Destruction

26

27 Complement deficient guinea pigs derived from the
28 strain described by Burger et al (Eur. J. Immunol 16
29 7-11 (1986)) were grafted with hearts using essentially
30 the same technique as that described for the
31 rabbit-to-pig xenografts in Example 1. Rats were
32 anaesthetised with ether inhalation and hearts cooled
33 with cardioplegia and excised as previously described.




29  anti body. This passively transferred i munogl obulin 30 confers
protection on the young while early i mune 31 experience is acquired.
In mamual s this passive 32 transfer of maternal imrunoglobulin usually
occurs both 33 transpl acentally and via colostrum In a few species,

26 1 however, the structure of the placemsta is such that no 2 materna
anti body can-be transferred by this route. 3 The pig is one such species.
Al maternal antibody is 4 obtai ned fromcol ostrum Thus, new born

pre-suckl ed 5 difigedr gi ndléa'iidlfd Rrérd rmaestaéuhsadf WAh Ot bV ERoUI t e
pi gs were taken aI b|r Iaced in a den cage war med bi?Pgt wat er

bottles wi% hodfabiim ??P%%Ek?%PnQ%D pHERTF? oWPES CHP ffng
were 10 3 akeintd ontheacxhecﬂxpasl Iﬁ&fﬁv:LonhPﬁedaBbmﬁlb@d/\BI glfet ldontrol

?QEL??L%egﬁlﬂﬁ% éﬂ? I sl hd'q‘r]é’ \]A‘ér%mgz ‘é\g‘l{\%}g "# TgV&,“ﬂ%r‘lese
donors wer%® 1Egraﬁhaels¢ﬁectsedl \Anohmn}rlnol tank dp&zaparrwltthamhestfems 16

opened and; a @.__ya E?ﬂﬁuhﬁkﬁﬂ bﬁ%”%}igx%égss% dilg. Cold

(+4[err] O car plegl a onas was |nfusedlunt| the eart
st opped bébtlﬁ@’aﬁﬁpﬁﬁﬂmﬁgtalbéébﬁélﬁeﬁhﬁsaﬁqﬁtW?%mﬁkR%ﬁ#e@F% hearks| i ng

was also )  weRitede@xbyr Rilde Wdin Fops patdban! evandy eoddy Heed

9 observed for several hours post surgery, indicating no

10 hyperacute rejection.

11
12 EXAMPLE 4
13

14 A. Pig Lymphocytes and Kidney Cells Activate Human
15 Complement by the Alternative Pathway

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 8cm glass plates (Figure 3). 10ml
20 of gel mixture was required, and this consisted of 5ml
21 2% agarose and Sml veronal buffer (VB). (VB is 75mM Na
22 barbitone, 10mM EDTA, 10mM NaN3, pH 8.5.) The agarose
23 and VB were mixed together 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.

27

28 Wells 3 with a diameter of 3mm were cut about lcm 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 bromophenol blue to colour it. After application of
33 'the sample the gel was carefully placed onto the



21 a syringe. The rabbits heart was then renoved using 22 st andard
surgi cal techniques and stored in cardiopl egia 23 solution at +4[err]C
until required. It has been found 24 necessary to take these
precautions because the rabbit 25 heart proved to be highly susceptible
to i schaem c 26 damage. 27 28 Recipieqpg pigs were anaesthetised
initially by 29 Hal ot hane/ 02 inhal ation. An intravenous butterfly (23
30 gauge) needle was then inserted into a mamary vein, 31 anaest hesi a

nai nt ai nediby | man;mapuzsfkeh@ﬂémectraﬁﬁoﬁasmpltmma.s sicattaneques kept
hydr at ed th |n avenous Serum a EDTA bl qod

3
sanpl es wefe dff 321 Brﬁ éﬁgﬁl d?ﬂnn%ni %uﬁ%rr)abﬂf’f"eh &N\ FEr 3t t ed
into the n&ck pteBh@quﬁnﬁg thét edgehefrethedget HaareiﬂmthePweﬂdb,

M crobi ol . gﬁgrﬁgﬂotﬁ ?waé r]%r[?égdged JH@O ﬁé@és%@s%ﬂg’ S%q’.’ 7

end to S|de (6 ene e ca arter
artery ana§torﬁ~'—§§dagérpﬁeoj ugﬁ.llfarl-‘-’veimPOert o Gnﬁérecﬁhéta@hﬁeﬁ@% wer e

ligated. ¢ HegktstRegapidies gt iREoM thien mfﬁ&&mf@g@ﬁehéeg&vah of
clanps. 11 Heart rate was _nonitored throughout by_a di ascope/E

monitor. 7 ThEUEEEPteRE wAS—ASt ™4 o¥al FasmPaseed through the gel
8 until the albumin (visualised with bound bromophenol)

9 reached the positive (anode) wick. The process takes
10 about two and a half hours to three hours. If two or
11 more gels are to be run simultaneously 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 Immunoelectrophoresis (2-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



13  experinents, hearts were kept noist by covering with 14 cling film
15 16 The ECG results are shown in Figures 1A to 1E. The 17 trace
shown in Figure 1A shows a normal heart beat 18 i Medi ately after

transplantation. Failure begins some 19 twenty mnutes |later (Figure 1B)
and wi thin an hour 20 (Figure 1D) thesg 1is no detectable heart beat,
evi denci ng hyperacute rejection. 22 23 This exanple therefore

21

denonstrates that hyperacute 24

pl ace evenli n The ndukethgslwte ofasnthéndetect2ophdré8edd adl discibiti

1
4
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10
11
12
i3
14
15
16
17
18
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21
22
23
24
25
26
27
28
29
30
31
32
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dimension strips connected via a cotton wick to a
negative electrode (cathode) 17 and the opposite end
connected to an anode 19. The gels were
electrophoresed overnight at a current dependent on the
size of the gels; 10mA is needed for each 8cm length of
gel so that a gel of 1l6cnm length requires 20 mA of
current, and so forth.

The proteins are separated by the electrophoresis in
the first dimension and quantified and visualised by
electrophoresis in the second dimension, staining for
the purpose of visualisation will now be described.

c. Squashing and Staining Gels

This procedure is the same for either conventional
immunbelectrophoresis or rockets. The gel to be
stained was covered with 1 layer of fibre~free POSTLIP
(Trade Mark) paper (Adlard Evans & Co), pre-moistened

" with water. This was then covered with 6 layers of

absorbent paper towelling. The assembly was squashed
for 1 hour, after which all the paper was removed and
the process repeated.

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

rejection of discordant xenograft takes

28

y2 duove, NwRPNEhE &AQS F5ofhl " JRPBERLA1 ATNG "EnaNsiPec! es



56 Rabbit anti-pig 1gG was radi oi odi nated by the nmethod of 7 G eenwood
et al, Biochem cal Journal 89 114-123 (1963) 8 nodi fi ed by Davies and
Howard (not published). 9 10 The followi ng are added into a pol ystyrene
tube (LP2 11 6 cmx 1 cm in rapid succession: 12 13 25-50[err]|
protein (at 1ng/m conc) 14 3-4[err]l ﬁrr]l (100 nCi /M) 15 10[err]l
chloram ne-T (*4ng/5m ; 0.5M 16 sodi um phosphate buffer (pH 7.5) 17 *
nmust be freshly prepared before use 18 19 These conponents were all owed

to m >2<1f or 30 E?ﬁén?eﬁowgng&?)é‘-%ﬁéwoﬁ Q%ﬁ@%ﬂé\?ﬁ%s(;vg&‘?ﬂﬂ#‘elﬁmﬂo@’“ ng
r I C err :
\évgd?um phos hat E‘gﬁg f f % pACE Egl% ‘m‘%ﬁb[ dhg | bagkszounst) ¥asye 27

28 The |abel tddaptot &tnwaiss thean f&aaaayt agriellr andelewa¥m adm.eacted
i odine, by,the use of a small colum 30 8cmx 1.0cm of Sephadex G 25

medi um gradé nade up in 31 PBS/ azi de. The iodination reaction
m xture is532 Fiquast bt 48i aelrgprodnstépnedft thehdryr gedr.ed Re2ketollums 33

and el uted i thaPRaMa%idRe coitrdl OBohtaThifls s¥8 normal human serum

7 (HHS) plus 25ul VBS including 10mM EGTA. EGTA is a
8 chelator which removes calcium; calcium is essential
9 for classical pathway complement activation, and so the
10 presence of EGTA ensures that complement can only be
11 activated by the alternative pathway. The left-hand
12 (larger) peak is C3, and the right-hand (smaller) peak
13 is €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 all, 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

27 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



29 1 collected into polystyrene tubes (LP2). The colum is 2 el uted
until both the protein and the ([err]l) iodide 3 peaks have been el uted
and the radioactivity in all of 4 the fractions is neasured. 5 6 The
radi oactivity incorporated into the protein can be 7 calculated thus: 8 9
radi oactive counts in protein = original tal 10 counts - counts in
| odi de peaks 11 12 The radi ol abelled 1gG (referred to now as "i sotope")
is 13 then used in an assay for (pig) antibodies in the 14 neonat al

pig, as fohlomgg;%@iggj% Materials 17 18 PBS + 0.01% Azide - ,Oxoid 19
BSA-

PBS/ BSA 1% - I gma 20 | sotope - rabbit anti-pig IgG whol e nol ecul e
wth 21 $2-18 x 10[err] counts/mn. 22 Heat inactivated sera (56[err]C
30 mins) 23 Mg atetieb| | Bgsedd Huildh hAdtibodies in
4 the Presence of Pig Complement, but are ILysed in the
5 Presence of Rabbit or Human Complement
6
7 A chromium release assay was used to monitor lysis of
8 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
19 complement (dilutes 1+7 in RPM1)

20 Heat inactivate sera (56°C 30 mins)

21

22  Method

23 |
24 1. Defibrinated whole pig blood, diluted 1:1 in PBS
25 was layered onto an egual volume of Ficoll Hypadque
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
30 were removed and washed once in PBS. The button
31 was resuspended in RPM1 1640 and the cell count is
32 adjusted to 2 x 107/ml.

33



26 27 1. A 1%)suépension of rabbit red blood cells in PBS 28 was

prepared and 100[err]| anpbunts were added to 29 t ubes. Cells are
spun to a button discarding 30 supernatant. 31 32 2. Seri al

di lutions of inactivated sera were prepared 33 in PBS/BSA from
adult pig (positive control), 30 1 36 neonatal pig (test sanple) or
rabbit (negative 2 control). 0.025m anpunts were added to red cel

3 buttons in duplicate. _Tubes were incubated at 4[grr]C 4

for 4 hourd. 536 300 miemfi?]%cmawm added ters Rashdd’ Ipeldet et in 7
PBS/ BSA 0. @5nm of | e
9 %Pi)fe”?cﬂl‘ghw éeTubes 8\:empex:'atiiéxﬁg fd 1.5

| ncubat ed overni ght at wer e rewashed three tines
and 1 nin Sounts 11bhours. \ere perforned on gamma counter. 12 13 5.

Results arg plotted as nunber of counts/mn 14 agalnst titre 15 16
negati ve conir dh- andaRANIEE LR rekp pged SIS aY 9005 Fof s hin
6 uses and adjusted to give a final cell count of 1
7 x 105/m1 in RPM1.
8
9 5. 0.05ml1 amounts of inactivated sera under test as
10 serial dilutions in duplicate, together with
11 controls,'were plated out. Diluted complement was
12 added to relevant wells in 0.05ml amounts followed
13 by 0.05ml1 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. 100u1 of
18 supernatant is removed into labelled tubes and 1
19 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) -~ 50uls 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 uls RPM1

31

32

33



18 serum as

pig antibody in the pre-suckled pig 2 is 20

a positive control. It can be seen that the 19 | evel

of

conparable to that of the

negative control. 21 22 EXAMPLE 3 23 24 Denonstrati on of Rel evance

Compl enment C3 to 25 Xenograft Destruction 26 27 Compl enent defi ci ent

gui nea pigs derived fromthe 28 strain zescribed by Burger et al (Eur.
7-11 (1986)) were grafted with hearts using essentially 30
the same technique as that described for the 31 rabbit-to-pig

| munol 16 29

xenograftslin

E=aupke 1. Rats were 32 anaest heti sed with ether

inhalationzand'hearts cooled 33 with cardioplegia and excised as

previously descri bed. 31 1 Qui nea pi g donors were anaesthetised with
ThearpemlhRdarst SBRWBcdnaFigypRob. EEaFe® her seempithated 3

i ntravenoud 2

into the ngck gsg p&?ﬁpﬁ&&ﬁtéESSfébQQSed|B¥ E@ﬂ&ﬁobeéumSBhﬁPalﬁlﬁﬁe'-
t hose with_norna gp qﬁ | evel s, af% r%] ctio nornai é %g
pl ace with?n apFﬁﬁ/eS‘ e fhupes’ p%ﬁué%k’i‘%@f’?‘ Bhn r yCPPPCRPYER

neck. 7 én ekperimebt ain arthel prbbemwkaﬂaSpﬁdgosmknphéménarts 8The

moni tored by tyie Fr%g ly pal %2%] O, kne Ngr morgGﬁo logous Ogggp}(gmen%r

several hours ﬁgs

8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33

surgery, |ng
restrictiocn factors present on pig cells successfully

down-regulate the action of pig complement but not the
action of human or rabbit complement.

- EXAMPLE 6

The purpose of this example is to demonstrate that
antibody can cause hyperacute rejection. The concept
upon which this application is based arose as a result
of the observation that hyperacute rejection may take
place in the absence of anti-graft antibodies but
requires functional complenment. Because this is a
novel observation there are no experiments in the
literature which formally demonstrate that antibody can
cause xenograft rejection. Since in the presence of
naturally occurring antibody it is difficult to
determine whether these antibodies are playing a role
or not such an experiment is not easy to perform. In
this example the role of antibody has been demonstrated
by turning a concordant xenograft into a discordant
xenograft by infusion of antibody of appropriate
specificity. Recipients used in this study were male
rats of the PVG strain (RT1C) (Banting & Kingdom,
Bicester,” Oxon., UK) between 3 and 6 months old
weighing 250-300 g. Heart donors were Syrian hamsters
also obtained from Banting & Kingdom and weighing

of

J.



10 hyperacute rejection. 11 12 EXAMPLE 4 13 14 A Pi g Lynphocytes
and Kidney Cells Activate Human 15 Conpl enrent by the Alternative Pat hway
16 17 Following the technique of Gabar and WIlianms 18 (Bi ochim

Bi ophys.” Acta 10 193 (1953)), agarose gels 1 19 were poured onto 8 x 8cm
glass plates (Figure 3). 10m 20 of gg% m xture was required, and this
consi sted of -5m 21 2% agar ose and 5nl “veronal buffer (VB). (VB is 75nmM
Na 22 bar bi t one, 10mM EDTA, 10mM NaN3, pH 8.5.) The agarose 23 and VB

| HAive . d and
were mxeq toggéﬁ},?%?ﬁt 8ol %rx{dv\ﬁie%‘dlsé. e Sifgaerﬂ’sé’ra@émgeﬁ!a% Wde Peiegd an

cooled on a | eve atform 2 , the giel consi sted of 1% agar ose
and had a deptIFRrINg §pothe 1mskhpdopfoferopy | (locy \Gilbr AR BFRRRICOf 3mm
were cut about])lcmAsnstd? hear@=Lrbrd drefeed. intackheeldeclio Wl €8t ai n

cbout Slerf 11 ke Sbiblia M SobPehSrhline SRKRRibhedlsy N prepLal o1
to colour 5t. puineianpmEriaty ot othé3jugiler waimwl sy tiwayel ofies cafeful |y
\F,’V!‘gﬁgd ONtP NG chnfgud. PARLT StHY Jdis&l £CLERRNY £l fad 2NK gea Rl O
7 started beating minutes after the release of vascular
8 - clamps and were monitored by external palpation. All
9 operations were carried out on animals anaesthetised by
10 inhalation of halothane and oxygen.
11
12 Anti-hamster 1lytic antibody 1levels were measured as
13 follows: 50 pl of 1% hamster erythrocyte solution were
14 added to 50 ul of test serum which had been diluted
15 serially. 50 ul of a 1 in 7 dilution of baby rabbit
16 complement (Sera Lab, Crawley Down, Sussex) were added
17 and incubated for 1 hour at 37°C. 750 pl of complément
18 fixation diluent were added and centrifuged (Beckman
19 MICROFUGE, 13000 rpm for 4 minutes) after which the
20 OD415 wWas 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 producing
27 very high titres of 1lytic anti-hamster antibodies.
28 Sera from some of these rats were 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 separation, purification and characterisation of

33 biological materials', Curling in Exp. in Physiol. and



2 soaked in VB (the running buffer) were then gently 3 pressed al ong
the edge of the gel nearest the wells, 4 and anot her wi ck was pressed
onto the opposite edge of 5 the agarose. (It is inportant to ensure that
t he. ends 6 of the wicks dip into the buffer reservoirs.) A7 current
of 25-30 mA was then passed through the gei9 8 until the al bumn
(visualised with bound bronophenol) 9 reached the positive (anode) w ck.
The process takes 10 about two and a half hours to three hours. If two
or 11 nork geBioghem.o el ¥AM0 ki 417 t4B8¢0(S|. R .aFerkutharBd | k| A¢adentiken

t he current,apppi nmu | r diggloy .1 t S
required 502rrA gﬁggfﬁrzg%d{u%&%w4%9r%ﬁ hggg&jsos(ftrgr%ﬁ?&?% ?L%maﬁgn

el ect rophor®si s1fa? tEAAReRBTkal i nBrehted bhet hwlifractigps| codlecksd

al burreg ][rm ke[ ﬁr&f\éiﬁi&l: b&{!dmn\r/]\/iviére_watssb ﬂlz)opf@ﬁoh.yéﬂ'dlgargihﬁa;ﬂgtel!ﬂas

renmove romthe, 19.. el ectrophoresis tank. . _ 2-Dinensi opa

Crossed | m#%noe?ﬁ&l?’&ﬁ%rae%i 9935?6%29 abeYRet s)@%‘“z'ﬁ 8 S‘P?‘F‘Bﬁséfagﬁﬁgure

4) containiég thbatl edespplter eshe 2factprihzt nstiesen (aftibeddesutward | ai d

at one end 9f aigguc aegsgla%%éﬂng%é. eaﬁt1'%aE%;ﬁ&r€h§5a8212%%2g§38361VB
GEC105an pr ? 0 be " 28 Vi Sta

27 cont ai ni ngabout serum to the protern Ty ] i'séd was
t hen pour eddont @cth&’ bt¥t creaddss ondmest excimsivelye intitheunigis

ggdggOL 0 the agereeeidRS SArtdF Helay M ed P Scbffi€p?! edabPidnkefageat ure
concentrated using CX10 ultrafilters (Pharmacia) to a
11 concentration of 0.5 mg/ml and stored at -70°C until
12 used.
13 |
14 To test for their ability to destfoy a xenograft as
15 opposed 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 into the rat. Both the unseparated serum and
21 the 0.5 mg of IgM consistently caused the hamster heart
22 graft to be destroyed within 15 minutes. Results from
23 infusion of IgG were inconsistent with some
24 preparations 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
27 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. '
31
32
33



31 50[err]C. 32 33 33 1 The rocket plate was then el ectrophoresed as
descri bed 2 above, wth the end of the gel containing the 1st 3

di mension strips connected 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 overni ght at a current dependent on the
7 size of the gels; 10mA is needed for each 8cmlength of 8 gel so that
a gel of 16cmlength requires 20 mA of 9 current, and so forth. 10 11

The proteing ar gxgapaimted by the el ectrophoresis in 12  the first
di mensi on and quantified and visualised by 13 el ectrophoresis in the
second dine%sion, staining for 14 t he purpose of visualisation will now

be described. 1Thkb da€a swuFA NBréséntba NiMItHeks dgpilfcatiBhS have
Fockets, - “rne Aponsr1resy Hhot, the Yeeliuotien W4 1 (xPROGFAGE can

fibre-free BOSTlnRdive dchpdomevitr kctuamatidn\d it mnstife Gllternative

pre-noi st engd Z%atHQJJI3@Iﬁ§'antIgB%fM§%&{§¥E OdSmp embhit %éé@ggéiég

7 (the classical pathway). Furthermore, complement

8 regulators on the surface of the xenograft target can

9 protect it from destruction by homologous but not

10 heterologous complement. The critical activation step

11 common to both complement activation pathways is the

12 cleavage of the complement component C3. This cleavage

13 is brought about by the €3 convertase, 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

i8 feed-back loop). Aé a result the complement system is

19 rapidly able to amplify the deposition 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

23 indiscriminately bind to the cells of the host. In

24 order to protect these cells from attack by the

25 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 €3 are

29 genetically all associated within one region of human

30 chromosome 1 called the RCA (regulators of complement

31 activationf locus. In this example we demonstrate that

32 mouse cells which have acquired through fusion

33 techniques the human chromosome 1 and express proteins



23 absorbent paper towelling. The assenbly was squashed 24 for 1 hour,
after which all the paper was renoved and 25 the process repeated. 26 27
After the second squash the gel was dried under a 28 current of warmair
and then soaked in PBS for at |east 29 1 hour to renmove non-precipitated
protein. The gel was 30 then dried again, and stained for 10 minutes in
a 31 solution of 0.5% w v coonmasie brilliant blue G50, 45% 32 Herr] G
45% net hanol , 10% acetic acid. 33 34 1 The gel was de-stained by

conti nuous WBShNﬂﬂ tme2@§A2loc@§t@@”§ﬁe1rGﬁﬁﬁﬁfééQbéﬁéﬂeufﬁ'éntf v1;ro
background was cl ear fthen flnallg dried under warmaiT.

Figure 5 is‘a re%sl’%%lxlcﬁ%nxﬁf"’ﬁﬁé &r yAGEFTURGLRE as| §h6’u<¥rhe§§ﬁ1’vew%6ﬁtrol
cont ai ni ng 50[ erlrjnkamoredl s mmdims'ermusns"e céitsy) plus 25[err]l VBS _

i ncl udi ng 1GMM EGTA. EGTA is a 8 chel ator which renoves cal cium cal cium
I's essential 9 for classical pathway conpl enment activation, and so the 10
presence of SEGTA&kk.biies hat conpl enent can only be 11 ~activated by the
al ternative goat hway. The left-hand 12 (larger) peak is C3, and the
right-hand snaJIetiﬁ peak 13 is C3bi, a breakdown product of activated
C3. In the r3n, EpREpdnoBRrYn Wl miat transfarmed ¢omsilnBoeeld

8 line produced by the technique of Bird et al. (Nature
° 289 300-301 (1981)). B10 is a human anti-tetanus
10 monoclonal antibody producing hybridoma which was
11 derived from the fusion of a human B lymphoblastoid
12 line (BLL) with the mouse myeloma cell line X63-AG8.653
13 (Kierney et ai.(J._ Immunol. 123 1548-1550 (1979)). TS
14 and Bl0 cell lines are obtainable from Ms C Carter and
15 Dr N C Hughes-Jones of the MRC MITI Group at Babraham,
16 Cambridge. DB3 is a mouse hybridoma cell line which

17 produces 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 procured: (5’=-CCACAGGTGTAACATTGTGT-3’) [SEQ ID
21 NO: 1] and (5/~GAGATAGTGTGATCTGAGGC-3’) [SEQ ID NO: 2}:
22 these are, respectively, upstream and downstreanm
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 techniques well known to those skilled in the art.
27

28 High molecular weight genomic DNA was prepared using
29 the method of Herrmann and Frischauf (Methods Enzymol.
30 152 180-183 (1987)). 1In brief, 100x106 cells from each
31 cultured cell line were lysed by 5ml of TNE (100mM Tris
32 pPH 7.5, 100mM NaCl, 10mM EDTA 1% Sarkosyl) and treated
33 with fresh proteinase K (100 micrograms per ml). The



15 only a mnor amount of conplenent 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 |evel,
t her eby 20 indicating that pig erythrocytes only marginally, if at 21
all, activate human conpl enent by the altgpnative 22 pat hway. The
reason for this poor response is not 23 clear. 24 25 I n Rockets 3 and
4, 75% pig | ynphocytes (v/v) or 75% 26 pig kidney cells (v/v),
respectivel w, “E&MZB orp wae Bﬁtr%ggééeﬁielﬁcbh%hbl (watac hs 2o ﬁé@][e
was an appreci abl e Jise ip the I _lLev I ndi cating..actjvation
human 29 orrplaé}%nteqév]l[%rigaal ﬁﬂﬁ‘lbﬁﬁ%es&‘% g'grﬁ' 338H %15 P LE 5
2 3 Pig LpnmphahitesoformnoflilsedViy) Hamd Ahemodidorofern tispawgkence
o 1 8 coPye e odHb1 T2 AHECYA) L Ne Bva FLEECT6EeAinEA ) YerAHET

5 precipitation and dialysed against TE (10mM Tris pH8.0,
1mM EDTA) made to 100mM in NaCl and TE alone at 4°C.
Isolated DNA was analysed on 0.5% agarose gel and the
concentration determined by optical density at 260 nm.
The polymerase chain reaction (PCR) for each cell line
10 was performed as described by Saiki et al. (Science 239
11 487-491 (1988)). In a volume of 100 ul containing

12 500 ng of gencmic DNA 1.2 ng of each primer and 2.5

13 units of Tag DNA polymerase (Thermos acquaticus type 3)
14 (Cambio Ltd, Cambridge, UK) using the buffer supplied

15 with the enzyme. The nucleotides (dANTPs) (Boehringer

W 0 39 0

16 Mannheim Diagnostics and Biochemicals 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 Instrumentation Lta4,
20 Dunmow, Essex, UK): denaturing 93°C 1 minute: annealing
21 55°C 1 minute: and extension 72°C 2 minutes. 10 ul 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 HincII
25 digested phage X-174~-rf DNA (Pharmacia LKB
26 Biotechnology, Upsala, Sweden).

27

28 Cultured TS5, Bl0 and DB3 cells weré 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 (1x10°%) were reacted with mouse anti-DAF
33 monoclonal antibody 1A10 (IgG2a 10 pug/ml in 100 pl of



7 A chromumrel ease assay was used to nonitor lysis of 8 cells nedi ated
by human serumin the presence of either 9 pig conplenent, baby rabbit
conpl ement or hunman 10 conpl enent. 11 12 Materials 13 14 Lynphocyt e
separation medium- Flow abs 15 RPM 1640 + 10% i nact. FCS 16 PBS
(without azide) - Oxoid 17 V welled plaggg - Sterilin 18 Baby rabbit
conp lynph - Sera - lab - or human or pig conplenent (dilutes 1+7 in
RPML) 20 Heat inactivate sera (56[err]C 30 mins) 21 22 Met hod 23 24

1. Def i br{ nat EF%M§ B, g_%bl 22daedli,| ut e:gm]_ol |K‘5I,Pd§$h§§a et alVas hayered

onto an equal ume of Fi col Hypagque 26 ynmphocyt & ¢ separatlon
nmedium The tubBBuUngLe 336n 323? =3395 (X986)00g Was %t"ﬁ%‘h%d afrom[ BrrMc. 28

29 2. The rpsvitinerpNew WoRROUHiRerdi th Mddi S a6enBhe, New YORKE
renoved and mashgd once_i.n PBS. The button 31 resuspeng din

RPML 1640 ahd thehcel | BI@MK | goprrols wege  Qufifer m%@%wm

5 incubation for 2 hours on ice the cells were washed 3
times, re-suspended and incubated in 100 ul buffer
containing 1 in 100 FITC-conjugated goat F(ab’)2
anti-mouse IG (heavy and light chains affinity purified
and human IG absorbed) (Tago Immunochemicals Inc,
10 Burlingame, California, USA) for one hour on ice. Some
11 cells were incubated only with the second antibody as
12 staining controls. Since DB3 is a mouse IgGl-secreting
13 cell line, FITC-conjugated sheep anti-mouse IgG2A (1 in
14 40, The Binding Site Ltd, Birmingham, 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

W 0 N O

17 reactivity occurring when staining DB3 cells. All the
i8 cells were extensively washed and resuspended in 200 pl
19 of buffer. DAF positive cells were detected ﬁsing 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, T5 (human), Bl0 (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 T5 and B10 genomic DNAs



36 1 3. 200 [err]C of 51Cr were added to a 2 x 107 pellet of 2

cells and incubated at roomtenperature for 1.5 3 hours. 4 5 4,
Labell ed cells were washed twice at 900g for 5 mn 6 uses and
adjusted to give a final cell count of 1 7 x 10[err]/m in RPML. 8 9
5. ~ 0.05m anounts of inactivated sera ungsr test as 10 seri al
dilutions in duplicate, together with 11 controls, were plated
out. Diluted conplenment was 12 added to relevant wells in 0.05m
amounts fol l,owe of, la d e e

I ncubat ed 121' %oj&efscﬁoridh%’ OA]?P%T e?fzr belﬁlr‘fl'LE ﬁﬂé';rr t%é\:/)tlé%é %g%& th%
After incubd iohunare mMAIe \Mhar@urcefb} isn# n8107 containged odoyran

20[ err] C tossedidiBdnddsmesal | s. 100[err]l of 18 supernatant is
renoved into | abelled tubes and 1 19 m nute counts are performed on
gamma countér. 20 21 7. Results are plotted as a % of the count of the
22 o gi elcd ahwdlpdisekbs tgel ddride®. o £3DR¥ showeld dnat?twd

gulll%) :—e!r\igZ% Contarj%lrlt(y': the \lme”] ceellllss (+851 .Q;g)ersrda{isngg posqte{\;:lo *
7 with anti-DAF monoclonal antibody. A similar level
8 (83.1%) of positive cells was found in the mouse/human
9 hybrid Bl10 cells. The mouse-mouse hyrbid DB3 cells

10 showed identical staining patterns for both anti-DAF
11 treated and untreated preparations. However, this
12 anti-mouse IgGl reactivity was removed if (1)
13 FITC-conjugated sheep anti-mouse IgG2a was used or (2)
14 the above goat anti-mouse IgG was preabsorbed with DB3
15 cells. The results indicate that human-mouse hybrid
16 cell line B1l0 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 T5. 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 1lines as is described in
24 Example 5 above. Figure 10 shows that, when pig
25 anti~-human antibodies are incubated with the T5 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 T5 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



28 Negative control - 50[err]ls cells + 100[err]ls RPML 29 Conpl enent
control (CC) - 50[err]ls cells + 50[err]ls dil"'d. 30 conp. + 50 [err]ls
RPML 31 32 33 37 1 Results 2 3 The results are shown in Figure 6.
It can be seen that 4 pi g | ynphocytes are |ysed by human serumonly in
the 5 presence of non-pig (ie rabbit or‘ﬁynan) conpl enent, 6 but not in
the presence of pig conpl enent. The 7 I nference is that one or nore
honol ogous conpl enent 8 restriction factors present on pig cells
successfully 9 noﬂOWﬂiﬁﬁﬁﬁdiEhﬁ&ﬁbaéibﬁg eb Bl ol AiEd! 1 61 Eﬁbu e 10
action of hunan or gbblt conglene ur pose
t

of this exafpl etPsqeLeHENBRY éﬁ@fﬁﬁéFnESIevﬁﬁﬁlBgP9EE§FnE§&¥§ R?§§V§¥Ute
rej ection. 3Theacthvapiohbof then rabidit tdomplamiritc By othéshhaaadceldse as

a result 17 bs ation peracute.r cti %Eé i
pl ace in the abégkggr%f g%Yl-graggagkﬁgﬁodl %% pu%@% g < unéilonm
conpl enent .5 Béncubatedi with £he DB3 mouse-mouse hybrldoma cell line

6 (Figure 12), cell killing is achieved by both rabbit
complement and human complement demonstrating that

fi Y

indeed human complement can function in such an assay.
When the Bl10 human-mouse hybrid, possessing human
10 chromosome 1 and known to be expressing at least DAF,
11 was used then rabbit complement caused lysis of the
12 cell line whereas human complement fails to cause lysis
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.

W 0 9

17
is 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 Fuhlbrigge et al. (Proc. Natl.



20 novel observation there are no experinments in the 21 literature
which formally denonstrate that antibody can 22 cause xenograft
rejection. Since in the presence of 23 naturally occurring antibody
it is difficult to 24 determ ne whet her these antibodies are playing a
role 25 or not such an experinent is notggasy to perform 1In 26 this
exanpl e the role of antibody has been denonstrated 27 by turning a
concordant xenograft into a discordant 28 xenograft by infusion of

anti body of lappicmad.at ScA9 85p65:6'4‘9-€565'3 (Rogigpi)ent Thisedcontalbns thaly

were male 3 I n . i pg g

Bi cester, onﬁlsﬁj% %g?ween % 6f %ﬁ% Eﬁ% 5 %ég}lr’]‘gng%%bﬁ%ob
Heart donor 3 Werr@r&ﬁrﬁ afﬁlFbEMsL‘BR% 3Qlaréﬂ 9@&)@2&3 neiuel anhAcidsi Rese I4i¢hgdom
and wei ghi ng ot waenal00 ang lefrdc, Hearh graatéacilg %129@‘6” med
2 accordlng to the net o] ron Cl I'n Hanst er
hearts wer e3gr a037 15043 tHE8RIK of ﬂﬁi—lzl lineg yers rﬁl?fg“tqﬁéi doram &he t he
carotid artery mﬁﬂ&rﬁr Ic@naweacwwctﬂoﬁhizanulp&&:mwh b)ﬁ:iwns of

St glrJI ]:adGbeat ?ﬁg%ﬂ%ﬁé&%f hfPre“ 1 \cl)\f%egéségpﬁr‘:‘ élsedcl"?rﬁ% %I@aere

noni tored by ext{amMcal oIl FBX) cand MIH/9T3 ORECAt CRIS 1658¢ .CcarBxpressioron

ani mal s anagst hgfd S8k Werdd wak"BBh34 ML ud AP HNEnE8Y oREYIG Kt iHoay
10 to MCP (Andrews et al. Ann. Hum. Genet. 49 31-39
11 (1985)) and FACS analysis as already described. In
12 some cases cell lines were selected for high 1level
13 expression of MCP by cell sorting on the FACS using
14 standard techniques. :

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 experimental 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 occurring 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



12 Anti-hanmster |lytic antibody |evels were neasured as 13 follows: 50
[err]] of 1% hanster erythrocyte solution were 14 added to 50 [err]l of
test serum which had been diluted 15 serially. 50 [err]l of al1lin 7

di lution of baby rabbit 16 conpl ement (Sera Lab, Crawl ey Down, Sussex)
were added 17 and incubated for 1 hour &7 37[err]C. 750 [err]l of
conplenent 18 - fixation diluent were added and centrifuged (Beckman 19

M CROFUGE, 13000 rpmfor 4 minutes) after which the 20 oD err] was
neasur ed i ntt hexshparattadestructine aer describrichurBrampd ey 6. a§dnes k. )

_Positive ang neaabl &1&% ag@NHeivedeErdarthandtdrst idHask vahetinadded t0 a

1% 23 solytio L3 fespect Ly of the_ 24 .err]
eadi ngs vere pRILLER abhine CAEheceLthm vitRa PEFH,Rulan A, 5abEiE AL
can be seen4f rom:ﬁpgamenf (Fighireng436 WhehaCHOeceldsr arentranasfactedsul ts
in the rat prod % hi tifres, o t

ant i bodi es. 8 ‘Higer ﬂlﬁ)ﬂ g?b ?HFheseeﬁ"r até %/’\g Q’gpn‘é%a?g?aﬁt%nt ﬁ’gie 29
conponent pﬁot ebreseace @B bgbbmtummmtmgraﬁhpam Sonp 1 SiehibDEXsG200
(Pharmaci a L L i q.%&p I raph

t echni ques ?Th%gﬁgeggﬂgg’éSHED&% %l]c seﬁr%ﬁ?oﬁiﬁﬁ%ﬁ????cgp | )c‘):rlll ea d
char act er i s&t i ofusfags °bebPo§?@§FeﬁaFéﬂ»ﬂ-aﬂ-éne CHipurg 18)ExpEviidensgsi ol .

and 39 1gBi ogha® the 1 lufd "o£84heC el Ker k8t beFkil ERUEET ¢ndeRESS,

London and New Yor k, 1970) he word SEPHADEX 3 is a trade mark.) Each
of the 7m 191 acBPEnstRod ecf? ure of C3 convertase 1is prov1ded by

11 analysis of the breakdown of the human €3 after
12 incubation o©of the CHO <cells by rocket
.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 complement down-regulatory proteins on the surface of
19 non-human cells will protect 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 E P °

25

26 Following the procedure of Example 8, 3T3 mouse
27 fibroblast cells were transfected with cDNA coding for
28 MCP (MCP clone K5.23). 2lcr was added to the cells as
29 described in Example 5. One volume of cells was 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



4 fromthe colum were assayed for lytic anti-hanster 5 activity as
descri bed above. Figure 8 denonstrates 6 that despite the fact that these
anti bodies were 7 induced as a result of heart grafting the anti-species 8
activity resides alnost exclusively in the 1gM9 fraction. After
assaying for activity, fractions were 10 4&oncentrated using CX10
ultrafilters (Pharmacia) to a 11 concentration of 0.5 ng/m and stored at
-70[err]Cuntil 12 used. 13 14 To test for their ability to destroy a
xenograft ad 15mixgmmsseando ferdalysdigutdense| withhagomplemant swearee 16

grafted intg thgigeeld Slthai \endtfl BhRAWOHRS ARE Jféatxﬁf&’@téf heas t
beat was establTshed .either. 2nl of neat 18 serum oy ng_of UI’Ierd

i mrunogl obufi n EBRCHAMT, Fekease y??%aXnPFehéﬁstd@rs%’ﬁ‘tl?%d}EsE%é 1g Hused

6 ng ra- 2]9 |4\|\//Ienmnal m:emm:s hfo&-agcl%@th kst ks ta“:seah penet«ﬁd ﬁermrgaﬁdbzilz t he
.5 mg of - co aused t he_hans e

destroyed wrt hi i }gimaﬂ.lialssch OW®s *Es2f FOM §1' i s‘?fo% ok %%e %&Pe

i nconsi st ené V\cDNA dming@4intpodpeed i imsthaurererse cgrnéntablbal I¢iani | €,

in 25 ot h:;rs useggé gor&t_ﬁnqieg t ope%ran&?ﬁﬁéaﬁlm n fr géctly]e

G200 col um’ was” |n as a control "heart al ways ‘survrved and
were reject@d i hranscadbess MCRecDN¥A CFanQIPﬁ sprotectiencion stBedged s Thi s

demonstrat eg thakog9ki1iAnghi Al r&ﬁeﬂé&é B tRe¥eiqtdvei gl Lovddvduce

its 30 hi/ger acut gqdestr uct i on.
Cr release, whereas non~-transcribed cDNA does not

11 confer significant protection, as evidenced by the
12 relatively high level of Sler release.

13
14 E PLE 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.heo, as
25 in Example 8 above.

26

27 Using this DNA preparation transgenic mice were
28 produced as described in Manipulating the Mouse Embryo,
29 A Laboratory Manual by B. Hogan et al, Cold Spring
30 Harbour Laboratory (1986). Ten to fifteen (CBAxB10)f1l
31 female mnice, 3-4 weeks old, were induced to
32 superovulate by intraperitonal injection of 5 units
33 serum gonadotrophin from pregnant mares (supplied



33 40 1 EXAMPLE 7 2 3 The data so far presented in this application
have 4 denonstrated that the destruction of a xenograft can 5 invol ve
conpl ement activation either by the alternative 6 pathway or by

ant i body- nedi at ed conpl enent activation 7 (the cl assical pathway).
Furthernore, conplenent 8 regulators on thg surface of the xenograft
target can 9 protect it fromdestruction by?honol ogous but not 10

het er ol ogous conplenment. The critical activation step 11 comon to both

conpl ement acti | VS f, t l.enen
conponent C§ %%‘g%% %ﬁ %oltlrsﬁ#%vgh&ggéﬁgsb?} 8i h‘gg‘égggﬁ%ﬁ tab%
C4b2a (the214 intuapiesltpadivaincBectrivant 3€) 5 orunhéscomheax ioaixs
C3bBb (the alter ' y o] S Hﬁﬁﬁ : n 1 Lave
C3 to C3b w%i ch,ﬁd%ﬁ% e%lgemt\(ﬁ[eér??%egﬂ er nat i%\?-elngt ﬁ\%ﬁ%lglﬁrm
nore C3 contdert 3NN GALYY ape&horitionbop) Thensfagmades (WerR Py¥&pIthent

systemis 18  maitid] Y o9l @ned agp! idy e deRezuliopn ohjedRioh,a 2fAth
nteract w on t HEBARELES, sadae 20 Bhe’ Tetadny Hemalan VN PO inRk e
and can thus PIugsnoveee nkidiledd bbpd tervicsr! |Idisllddethion . and n 24
order to prgt ethetrrt]:(iﬁ.zCepdl lo a ];dre%@ B Cai%e%y ftr%(xan their oviducts.
9
10 Three to four hundred ova, isolated in this way,
11 contained two pronuclei clearly visible 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/ul.
17
18 Ova that survived the microinjection were reimplanted
19 into the oviducts of (CBAxB10)F1l 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
é? 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
33



25 i ndi scri m nate binding of conpl enent, control proteins 26 have

evol ved to inactivate conpl enent conponents either 27 in the fluid phase
or bound to self tissues. Those 28 gl ycoprot ei ns which are involved in
controlling C3 are 29 genetically all associated within one region of
human 30  chronosone 1 called the RCA (rﬁ%ulators of conplenent 31
activation) locus. In this exanple we den®®trate that 32 nouse cells
whi ch have acquired through fusion 33 t echni ques the hunman chr onosone
1 and express pr.oej 41 1 of the RCA | ocu n their surface behave
inan in vi tslro 26)‘% %kgéa?ngpféﬁ‘ggrfffu%t r%?Y%% gg %’ﬁomqw*@r€°3
human cel | s Zand #Hig MERSRNA cdeqguencé. Cell Lines 6 7 T5 is an Epstein Barr
virus-transforned tonsil B-cell 8 | i ne produced by the technique of Bird
et al. (Nature 9 289 300-301 (1981)). B10 is a human anti-tetanus 10
nonocl onal “4ant BX¥AMPLE J@ici ng hybri doma which was 11  derived fromthe
fusion of aswnan B | ynphobl astoid 12 line (BLL) with the nouse nyel oma
cell line X63-AG8.653 13 Kierney et al.(J. Imunol. 123 1548-1550
(1979)). T% 14 The pregeduge| of; ﬁéémé’r]@ obt HRmprepeasedys exaept ethahd 15
Dr N C Hugh&s- Jaras <ONA heodVRAR) Tas GaesBrabeBabhas@npl@ 1d5an4d dgSeq DB3

I's a nouse @ybﬂfkﬂgﬁ§§£|oki@%éMEﬁﬁh for MCP. Twenty three offspring
9 were born from ten mothers. Three of thenm (two female,
10 one male), transgenic for DAF, were obtained, as shown

11 by Southern blotting.

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)F1 female. Eleven
19 offspring resulted. Tail cell DNA from each offspring
20 was screened by slot-blot analysis, using labelled
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 EXAMPLE 14
31

32 The male mouse obtained in Example 12, containing a
33 human DAF cDNA transgene was allowed to grow to



17 produces anti - progesterone nonocl onal anti body (Wight 18 et al.

Nat ure 295 415-417 (1982)). The follow ng 19 ol i gonucl eoti de priners
specific for human chronosone 1 20 were procured:

(5' - CCACAGGTGTAACATTGIGT-3") [SEQID 21 NO 1] and

(5' - GAGATAGTGIGATCTGAGGC-3"') [SEQ I D NO 23 22 these are, respectively,
upstream and downstream 23 primers of human antithronbin 2 (AT3) gene
known to be 24 on human chronosome 1 (Wi et al. Nucl. Acids Res. 17 25
6433 (1989) 1. THatuditgordid ankdteswith be(embeebmdfaﬁaleby Rt hedcghies

wel | known to t sk h [l s 28 ., Hi c

genomni ¢ DNAtzvvas Ig%'rsg%lar ;aésﬁﬁlé%’éwgffl?éuiélﬁt hg?il%f Egg% p%‘%n and %eg%ﬁ]auf
(l\/le':1 hg(is EnZym)lby :Hlot-_’::fi@tlwlami(ﬂ&éi&)i)nq llatbetirh;?d htnmxw_e;f' CHINA ds om
eac c ture i

7.5, 100MM %’oﬁﬁ%bﬁ 19%%2& i/ %ﬂxﬁﬁtg%egﬁgd%ﬁg%% had 3 BeenP
prot ei nase R (1@@hﬁﬂaﬁﬁﬁﬁanémﬁ%rr¢ﬁ9 ts e ShQEnllonBBaﬂém*%ﬁ1R&£$ of

extracted wgth gigniple (WBLET &as%aﬁed:e? seéﬁdtﬂfﬂ’ﬂ.'b?ﬁ.’%fp‘i‘irﬁﬂawsh O¢al M
Tris, pH 8)7 pheno 3 chI oy of orm V/V) and then chlorof orm

i soanyl 4 7al c&RIRle)ohas \}/’V)erlte <€a§r059§1:ﬁeaswe§9namﬂe%taken'
precipltatlen amehnira | DNZe d( RPAi M6t1sEEDNRONIM) Ty ioysd. ﬂNA6m1xdedﬂfH%lmﬁde

0 5% agar o8 gePoarinam BAF° 1 8ked B 5w o b iaiE e i RLRH 0, 2
260 nm 10 100 pg human DAF labelled cDNA.)
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33



9 The polynerase chain reaction (PCR) for each cell line 10 was
perf-ormed as described by Saiki et al. (Science 239 11 487-491 (1988)).
In a volunme of 100 [err]l containing 12 500 ng of genomic DNA 1.2 ng of
each prinmer and 2.5 13 units of Tag DNA pol ynerase (Thernps acquati cus
type 3) 14 (Canmbi o Ltd, Canbridge, UK) using the buffer supplied 15
with the enzyme. The nucl eotides (dNTPs) BBoehringer 16 Mannheim

D agnostics and Biochemicals Ltd, Lewis, East 17 Sussex, UK) were at a

concentratiQn OMB was anpl fied for 30 cycles using a
programmabl € th |l er (Genetic Research Instrunentation Ltd,
20 Dunnow2 Essex, UK): denaturing 93[err]C 1 m nute: annealing 21
S5[err]C 1 ni nuts%\'ﬁealrﬁjﬁgt%_nsion 72C 2 minutes. 10 [err]l of 22 t he

re an

reacti on product al ysed di rectly on a 2% 23 agarose gel run in
Tris boric &cidSHOUENQE R¥PE: Nucleotide oduct size was deternined by

conparison 4 t h glgifiNcE TENGEHeSSEd phage X-174-rf DNA (Pharmacia LKB
26  Biotechnol ogy, Upsal a, Sweder%?. 27 28 Cultured T5, B10-and DB3

cells were reated with 29 anti-DAF (decay accelerating factor)

nonocl onal 30 pHUPERAYES : Kivpstiéam €brime Jof Enmaledané $2hFonmBdndle
1985)) and_fluor 5331(? n- conj ugat ed second anti body. 32 Cells (1x10[err])

were react 8d wi 52 anti - DAF 33  nonocl onal antibody | A10 (1 g&a 10
[err]g/m i® 100 [err]l| of 43

10 SEQUENCE:

11

12 CCACAGGTGT AACATTGTGT 20
13 '

14

15

16

17 SEQ ID NO: 2

18 SEQUENCE TYPE: Nucleotide

19 SEQUENCE IENGTH: 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



1 10% FCS 0. 1% azi de) . 1A10 (Kinoshita et al. (J. 2 Immunol. 136
3390- 3395 (1986))) was obtained fromDr M3 Davitz of New York University
Medi cal Centre, New York 4 USA. Bl ank controls were buffer al one.
After 5 i ncubation for 2 hours on ice the cells were washed 3 6 times,
re-suspended and i ncubated in 100 [err]l buffer 7 containing 1 in 100

FI TC-conjugat ed goat F(ab')2 8 anti-nous®23 |G (heavy and |ight chains
affinity purified 9 and human | G absorbed) (Tago | munochem cals Inc, 10
Burlingame, California, USA) for one hour on ice. Sonme 11 cells were

i ncubat ed only @LAEMEhe second antibody as 12 staining controls. Since
DB3 is a nouse 1 gd -secreting 13 cell line, FITC conjugated sheep
anti-nouse 1g&RA (1 in 14 _ 40, The Binding Site Ltd, Birm ngham H%% or
the goat 15  ahti-nBuser3E:aplapsanial widelleqfxl GéPaHES Bfg- D3 depor
cells were al soggsedesp order to elimnate anti-1gd@ 17 reactivity
occurring. when stainiggFDB3 cells.

Al the 18, cells. wer ex%gnsivel¥
washed ami resuspend®BEFRIBOBNE 751} O tissus,dfr apSoChR e(éog?' vEReett s
wer e detected usi ng mo26 homebdgous doamgKiensemt rEAEBiSEABn fSppacasughidlor 21
fl uorescence-acti vat cell rii F ysli ; (!Pﬁ gﬁpre Lon
FACS- STAR i s a tradeS%%r .e) L%%ézzlﬂ'g érhggg@%hghé%éguggd 0 de er?nﬁ%\e
the presence of 25 couphetehachivatdon iof dompdetienter émd crhaxain the!l 26
lines, T5 (hunman), - u e)i‘? ?egglq:l 3 : %qgﬁﬁh
Figure 9 shows that % ?é? a gF???c%%i%h . %ﬁ %ﬁﬁé 1 a29§§§%%%
si ze of U®5 base pai £8 Rbe rempépiéestDBBe¢iesihe nouse-nouse hybrid) had no
band at for use in medicine.

2. A cell or tissue as claimed in claim 1, for use in
transplantation therapy.

15
3. A cell or tissue for use as claimed in claim 1 or
claim 2, wherein the tissue is an organ.

4. A cell or tissue for use as claimed in claim 3,
20 wherein the organ is a heart, lung, liver, kidney,
pancreas or thyroid.

5. A cell or tissue for use as claimed in claim 1 or
claim 2, wherein the tissue comprises blood or

25 haematopoietic cells, Islets of Langerhans, brain cells
or cells from an endocrine organ.

6. A cell or tissue for use as claimed in any one of
claims 1 to 5, wherein the HCRF interferes with that part

30 of the complement activation cascade which is common to
both the classical and alternative pathways.

7. A cell or tissue for use as claimed in any one of
claims 1 to 6, wherein the HCRF is a natural HCRF.
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30 all. 1t has been reported that PCR products using AT3 31 prinmers
consisted of 2 alleles, sized 572 base pairs 32 (allele 1) and 496 base
pairs (allele 2) (W et al., 33 loc. cit.). The bands found in T5 and

B10 genom c DNAs 44 1 correspond to allele 2. This denonstrates that
the 2 human nouse hybrid cell |ine B10 c%qtained human 3  chronosone 1.
4 5 FACS anal ysis for the presence of DAF*showed that the 6 maj ority of

the human T5 cells (85.7% stalned positive 7 wi th anti - DAF nonoclonal

ant i body. A sigm | ar, | 9% itjye fQ t he
mouse/ human 9 hybrld f%fﬂ &l s 445 efﬁ%ugggnﬁﬁiecﬁgkkgamggé ﬂm %0
showed i dent i caWhersiim rtglqo&tql?é’r redudatiest lcomplierent mttmate@tre@tarﬁi!
untreated preparations. However, this 12 anti-nouse |1gd reactivity

was removed if (1) 13 FITC—conjugated sheep anti-nouse | g&a was used
or (2) 14 the%bové gotl aREi -tisiAde | §€fmé§epr%%b§$%@8dw1tfh ebrins 8,

cells. The resyheyrdifdithal idRrati HyhapuIe dtivd b of:cell |ine B1O
express human DAF on the cell nenbrane 17 surface as detected by specific

ant i - DAF nonocl onal 18 anti bodies. The |level of expression is the sane
as for 19 t he humarFaeddr |1 nallEo previmssl yroksewliybhsi @d3ba inealklt iR@tor i ne

does not express hun%ﬂ.Qﬁgv,Zl

10 Factor H;
C4 binding protein;

DAF (also known as CDS5S);

15
Membrane Cofactor Protein (MCP; alsc known as CD46
and first described as gp45-70 and further known as

" gp66/56) ;

20 CR1 (also known as C3b/C4b receptor or CD35); and/or
CR2 (also known as (D21, C3.dg receptor, 3d/EBV
receptor and pl4o0).

25 10. A cell or tissue for use as claimed in any one of
claims -1 to 9, wherein the HCRF has the activity of a
natural HCRF whose gene is located in the RCA (regulator
of complement activation) locus, which maps to band g32
of chromosome 1.

30

11. A cell or tissue for use as claimed in claim 6,
wherein the HCRF regulates complement activation at C8
and/or C9.
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22 Chrom umrel ease cytotoxic cell killing studies were 23 performnmed on

these cell lines as is described in 24 Exanpl e 5 above. Figure 10
shows that, when pig 25 anti - human anti bodi es are incubated with the TS
human 26 cell Iine the addition of rabbit conpl enment caused 27 l ysis
whereas no |ysis occurs when human conplenment is 28  added because, of
course, the T5 cell line will possess 29 S3unman HCRFs. This is
confirmation of the results of 30 Exanpl e 5. When human anti bodi es are
used on the human 31  cel] line no lysis occurs either with human

conpl ement 32 1@ wi& reekhbBrt tissms dirthtuse sRswcAGimes: elmr elagma3l,
aut o- ant i bodi es whekhg it WHTHORE &l£ %€ HF MHeO R tde8%y of45 1 not all ow
for incubations to be continued | ong enough 2 to detect any signficiant

| evel s of alternative pathway 3 activation of the rabbit conpl ement by
the human cells 4  (@@byur@lib knowrHaee\HRF, oxwiP)human anti bodies are 5
i ncubated_w th the DB3 nouse-nouse hybridoma cell line 6 (Figure 12),
cell killi'ng is achieved by both rabbit 7 conpl ement and human conpl enent
denonstrating that 8P-1fn chkrewre arep [HRR120 ,c &D5Puwat iIMIRLIN sach an
assay. 9 Wen the B10 human-nmouse hybrid, possessing human 10
‘chronmosone 1 and known to be expressing at |east DAF, 11 was used then
rabbit conpl ement cafF&P4fis of the 12 cell |ine whereas human
conplenent fails to cause lysis 13 of the cell line (Figure 13). The
explanation for this : , .
10 13. cell or tissue for use as claimed in any one of
claims 1 to 12, wherein the HCRF is membrane bound.

14. A cell or tissue for use as claimed in any one of
claims 1 to 13, wherein the HCRF is provided in such a

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

15. A cell or tissue for use as claimed in claim 14,
wherein the donor tissue 1is transgenic in that it

20 contains and expresses nucleic acid coding for one or
more HCRFs which can be used in the recipient species
when grafted into the recipient.

16. A cell or tissue for use as claimed in any one of
25 claims 1 to 15, wherein the recipient species is human.

17. A cell or tissue for use as claimed in any one of
claims 1 to 16, wherein the donor species is a pig.

30 18. The use of an animal cell or tissue derived from a
donor species, and one or more homologous complement
restriction factors (HCRFs) which can be used in a
recipient species to prevent the complete activation of
complement; wherein the donor species is a discordant

L



14 is that the human HCRFs bei ng. expressed by virtue of 15 possessi on
of chronpbsone 1 on the nouse-hunman hybrid 16 have inhibited the activity
of the human conpl enment. 17 18 EXAMPLE 8 19 20 The precedi ng exanpl e
denonstrates that possession of 21  chronbsone 1 can prevent xenograft
cell destruction. 22 Wile this is stron? circunstantial evidence that it
is 23 the CRA | ocus which is protecting %e nmouse cell from 24

xenograft destruction this exanple provides formal 25 proof . In this

exanpl e, the ef sf 2 Jgggﬁ% I LI mj. hﬂggn
MCP and exposi n%&%{%gngz l@i&t Ie%#rra% o?o 5 it €O egrﬁréenfi)égggehn I?xt ed
28 29 cDNAs vuexeppreuu@ad o6r noPsus d@s@ftmblm rinfe® aithey BEcipiemtin
et al. Med. widf8ud ik 1988} ecBion . construction of
transfected cel ??nes Vés p%r 0¥%E§a§§ %%% t%e expression plasmd
SFFV.neo wusing the 33 t echni que descrlbed by Fuhl brigge et al. (Proc,

Nat | . 6 1 14cadTheCuse8adbHedhitfnd id 18881a. 1§hI&H@$§$H'Ehéfubﬁbr
Friend spleen focyus formng virus 5 I%ﬂgéternlnal eat éSFFV LTR)

153§§30th61999$¥ Sand

(dark and Mak RREBR- ALF ds-FELSIRLY Biggue
Natl. Acad. Sekpré8sés, BR8700043achl1B68F)). Cell lines were obtalned
~fromthe

20. The use as claimed in claim 18 or 19, further
10 characterised by any of the specific features of claims
3 to 14, 16 and 17.
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6 American Type Culture Collection 12301 Parklawn Drive, 7 Rockvil |l e,

Maryl and, USA. Cell |ines used were CHO K1 8 (ATCC CCL 61) and NI H 3T3
(ATCC CRL 1658). Expression 9 of the gene vvas confirmed using a

nmonocl onal antibody 10 - to MCP (Andrews e Ann. Hum GCenet. 49 31-39
11 © (1985)) and FACS anal ysis as al ready escrl bed. P L2+ me-gdses
cell lines were selected for high | evel expressi of 'QG A )'7’ eI
sorting on yhe FACS wusing 14 standar%&queswnli I ™i.s_exanpl e

illustrates the effect of transfecting cells with MCP. Because
these cell PRines grow as 18 nmonol ayers, cell killing was assessed by the

term nal 193 adeni ne uptake RASHRFIBS h&t bpa Pano et al. 20

(I munol ogy (32 221-226 (1977)). 1In 5r|e%, this assay 21 i nvol ved

i ncubation 8f cell cultures in flat-bottomed 22 sterile 96 well plates
wi th conpl egent mm&emﬁndmd.)a,y,Atana&al e sted ﬂi'foni lohee pEdienticdn only

i ncubati on peri asse ability of.
culture to 25 %%ak?ﬂlb ?zg%n%%ét ?bg %@ﬁ’%}}@r éjleg% Hﬂgn Qh eutﬁgl%
t he adeni ne7 deadeekionastdanty; okherwibdee chypammuhaveranghtdmmts
dead cells Ea:’geh%‘ﬁe%‘)“”iﬁ £33 s? A nvdiit LR t 1EMWe t {8NFLAIERLG

cells, insensitive to naturally occurring antibodies and the
31 action? of fofe examrphetike Hﬁ&%ﬂ/aytr%’f‘sg@rﬁﬂ‘énenFO 3SXPLQRREy AL

these cellsoareotaférwike t ®éNope H5bRU£LEidh witRh Ghiehasrbefidre
denonstr at ed cause hanster heart
substances, referred to as homologous complement
12 restriction factors (HCRFs), which are active in the
13 recipient species to prevent the complete activation of
14 complement and therefore rejection. The invention is
15 in part based on the discovery that the alternative
16 pathway of complement activation, rather than the
17 classical pathway, 1is responsible for hyperacute
18 discordant xenograft rejection.
19
20
21
22
23
24
25
26
27
28
29

31 ' his Sheet Has Been Replaced
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47 1  xenograft destruction as described in Exanple 6. Since 2 CHO cel | s
are derived from hanster, these antibodies 3 killed the CHO cells with
both human and rabbit 4 conpl ement (Figure 14). When CHO cells are
transfected 5 wth human MCP, the cells can only be lysed in the 6
presence of -rabbit conplenent. Human conpl enent has 7 been inhibited by
the presence of the human MCP on the 8 surface of the hanster cell |ine
(Figure 15). Evidence 9 that the failure of the cells to be killed is

i ndeed 10 due to a failure of C3 convef} e is provided by 11 anal ysi s
of the breakdown of the human C3 after I i ncubati on of the CHO
cells by rocket 13 i nuno- el ectrophoresis as descibred in Exanple 4
above. 14 As can be seen, no breakdown occurs above conpl enent 15 only
control levels (Figure 16). 16 17 These data confirm that genetically
engi neering 18 conpl enent down-regul atory proteins on the surface of 19
non-human cells wll protect those cells fromthe 20 mechani sns of
hyper acut e xen(rfg:r zﬁdear/ﬁcti on which 21 have, as a comon feature, a
requi renent fonm t 2. eavage of the C3 conponent of conplenent. 23 24
EXAMPLE 9 25 28 j5Following the procedure of Exanple 8, 3T3 nouse

L ey Lo ¥ WU VY WY WD SHY DI SIS SO WY A g pmArhom A L s
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27 fibroblast cells were transfected with cDNA coding for 28 MCP ( MCP
clone K5.23). 51Cr was added to the cells as 29 -described in Exanple 5.
One vol unme of cells was then 30 i ncubated with one vol une of hunan

heat -i nactivated 31 conplenent and one volune of human conpl enent 32
pre-absorbed at 4[err]C with nouse spleﬁg cells to renove 33 anti - nouse
anti body fromthe human conpl enent. TH 48 1 m xture and seri al
dilutions with conpl enent were 2 pl ated out. General conditions and
features of the 3 chromi-umrel ease assay are as described in Exanple 5. 4
The results for clone K5.23 are shown in Figure 17, 5 which al so shows, as

a control, the eff I@ thM_QBbﬁ antc Py amioty titnés oduced in the reverse
€

orientation (in 7 Iwh it Pppe BOEkikE PYECT i bed) . Correctly 8
transcri bed MCP cDNA confers protection on the cells 9 fromkilling, as
evi denced by the rel ati gedg~! ow | evel 10 of 51Cr rel ease, whereas
non-transcri bed cDNA does not 1éd t infer significant protection, as
evi denced by the 12 rel at i vel $9H g vel of 51Cr release. 13 14
EXAMPLE 10 15 16 Sim kepp4esults to thgse described in Exanple 8 above 17
can be obtained with L1/210jcells (a nousew| eukaemc 18 cell line)
transfected with with the cDNA for DAF.
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19 cDNAs were produced for DAF as described in Lublin & 20 At ki nson
(Ann. Rev. Immnol. 7 35-58 (1989)). 21 22 EXAMPLE 11 23 24  cDNA for
MCP was prepared and ligated into SFFV.neo, as 25 in Exanpl e 8 above. 26
27 Using this DNA preparation transgenic nmce were 28 produced as
described in Mnipul ati ng the Mouse Enbryo, 29 A Laboratory Manual by B.
Hogan et al, Cold Spring 30 Har bour 3Abmratory (1986). Ten to fifteen
(CBAxB10)f1 31 fermale mce, 3-4 weeks old, were induced to 32
superovul ate by intraperitonal injection of 5 units 33 serum

gonadotrophin from pregnant mares (supplied 49 1 comercially as
Folligon) followed 48 hours later by 2 intraperitonal injection of 5
units chorionic 3 gonadotrophin from human pregnancy urine (supplied 4
comercially as Chorul on). The fenmales were put to 5 mate, on the day

of the Chorulon injection, wth 6 (FAf@O)EB mal es and the next day
femal es with vaginal 7 pl ugs were il . cervical dislocation
and 8 fertilized ova were isolated fromtheir oviducts. 9 10 Three to
four hundred ova, isolated in this way,

Ao /]

3—-—-—»
o

4]

o 0 0 0 0 O




11 contai ned two pronuclei clearly.visible under Nomarski 12
differential interference contrast optics at 400 x 13 magni fi cati on.
One of the two pronuclei was injected 14 with approximately 2000 copi es
of the DNA preparation 15 containing the MCP cDNA transgene in
concentrations 16 ranging fromO0.5 to ﬁ gg/[err]l. 17 18 Ova t hat
survived the mcroinjection were reinpl% ted 19 into the oviducts of
(CBAxB10) F1 fenmal es that had nmated 20 the previous night with
vasectom zed mal es and were 21  therefore pseudopregnant (ie, they had
ovul ated and 22 their hornonal state was that of pregnancy but their 23
own oocytes had not been fertilized). Approximately 30 24 m croi nj ect ed
ova were transferred to the oviducts of 25 each pseudopregnant femal e,
under anaesthesia, either 26 on the same day of mcroinjection or the
next day when 27 the ova were at the 2-cell stage. Nor mal gestation 28
ensued and seventeen mce were born fromten nothers. 29 Screeni ng of the
of fspring was done by slot blot and/or 30 Sout hern bl ot (see Exanple 8),
and al so PCR, analysis 31 of DNA fqgthsil kin cells, utilizing

32P-1 abel l ed 32 probes and prinersith rec®gni ze the transgene. One 33
50 1 of the offspring, a male, proved to be transgenic for 2 the MCP

DNA sequence. 1n _ 13y
° Jg / (
: —— |
- ' P rn s s e s

e - — -~
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34 EXAMPLE 12 5 6 The procedure of Exanple 11 was repeated, except
that 7 the cDNA for DAF, as described in Exanple 10, was used 8 in

pl ace of the cDNA for MCP. Twenty three offspring 9 were born fromten
mot hers. Three of them (two fenale, 10 one mal e), transgenic for DAF,
wer e obtai ned, as shown 11 by Southern blotting. 12 13 14 EXAMPLE 13 15
16 The mal e nouse obtained in Exanple 11, containing a 17 human MCP
CDNA transgene was allowed to grow tg /4% nmaturity and mated with a
(CBAXBI O F1 femal e. Eleven 19 of fspring resulted. Tail cell DNA from
each offspring 20 was screened by slot-blot analysis, wusing |abelled 21
human MCP cDNA as a probe, to determ ne whether the 22 transgene had been

inherited. The results are shown in 23 t he upper part of Figure 18. I t
can be seen that 24 offspring O, 1, 5, 7, 8 and 10 have inherited. (Four
25 controls were underf aken: human DNA (H);, nouse DNA]26 (M; nouse

DNA m xed with 10 pg hunman MCP | abel | ed 27 cDNA;  and use .DNA m xed
with 100 pg hunman MCP 28 | abel | ed cDNA.) 29 30 E LE 14 31

(4)

(3)

FIG.5

(2)




32 The mal e nouse obtained in Exanple 12, containing a 33 human DAF
cDNA transgene was allowed to grow to 51 1 maturity and mated with
a (CBAxB10)Fl1 fenmal e. For each 2 of the resulting offspring, tail cell
DNA was screened 3 by slot-blot analysis, using | abelled hunan DAF cDNA
as 4 a probe, to determ ne whether the transgene had been 5 I nherited.
The results are shown in the | ower part 641l 26 Fi gure 18. It can be seen
that offspring 13.3 (a 7 . female) has inherited. (Four controls were
undertaken: 8 human DNA (H); nouse DNA (M; nouse DNA nixed with 10 9

pg human DAF | abell ed cDNA;, and nmouse DNA m xed with 10 100 pg human DAF
| abel led cDNA.) 11 12 13 14 15 16 17 18 19 20 21 22 23
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24 25 26 27 28 29 30 31 32 33 52 1  SEQUENCE LISTING2 3 SEQID NO 1
4 SEQUENCE TYPE: Nucl eotide 5 SEQUENCE LENGTH 20 6 7 PROPERTI ES:
Upstream prinmer of human antithronbin 2 8 (AT3) gene 9 10 SEQUENCE: 11
12 CCACAGGTGT AACATTGTGT 20 13 14 15

7712

31 —Markers

FIG.S

T5 human cell line pig anti human
antibodies and human or rabbit

complement
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16 17 SEQ ID NO 2 18 SEQUENCE TYPE: Nucl eotide 19 SEQUENCE LENGTH:
20 20 21 PROPERTI ES: Downstream priner of human antithronbin 2 22

(AT3) gene 23 24  SEQUENCE: 25 26 GAGATAGTGI GATCTGAGGC

20 27 28 29 30 31 32 33 53 CLAI M5 1. A graftable animal cell or
tissue of a donor species; 5 erein the cell or tissue is
associ ated with one or nore honnlogoussé | ement restriction factors which
can be used in a recipient species to.prevent the conplete activation of

conpl ement, and wherein the
IG '] Human antibodies on human cell line

with rabbit or human complement

r
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donor species is a discordant species wth respect. 10 to the

reci pi ent species, for use in nedicine. 2. A cell or tissue as clained in
claimi1, for use in transplantation therapy 15 3. A cell or tissue for
use as clained in claim1 or claim 2, %EI n the tissue is an organ. 4.

A cell or tissue for use as claimed in im3, 20 wherein the organ
is a heart, lung, liver, Kkidney, pancreas or thyroid. 5. A cell or
tissue for use as clained in claiml1l or claim?2, wherein the tissue
conprises blood or 25 haemat opoi etic cells, Islets of Langerhans, brain
cells or cells froman enc[ﬁ‘_preme Homa® .antl Wogwl bnithodiessidlisg f 810 ase as
clainmed in any one of clai'ns''¥ t« hymen/@puse; hybridCRAF | nicempenisen ofi t h t hat
part 30 of the conpl ement activahbman dadabkic camplemens (akpread t o bot h
the classical and alternative pat h99aYs 7 A cell or tissue for use as
claimed in any one of clains 1 to 6,{whergin the HCRF is a natural HCRF.

54 8. A cell or tissue for use as ¢lai in claim®6, wherein the HCRF
regul ates conpl enent activation at_CB. A celRablit Qdngderseritor use as
claimed in claim8, 5 vvhereigl?qn or hg& the activity of:

40 -

% CR 51 ralea

4 Human

compjement
20 ‘7

o T LB h LY L4 v v L1
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Titre
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Factor | (also previously known as C3b inactivator or KAF); 10
Factor H, C4 binding protein; DAF (al so known as CD55); 15 Menbrane
Cofactor Protein (MCP; also known as CD46 and first described as gp45-70

and further known as gp66/56); 20 *  CR1 (al so known as C3b/ C4b
receptor or CD35); and/or CR2 (al so knqwylas CD21, C3.dg receptor, 3d/EBV
receptor and pl40). 25 10. A cell or tissue for use as clainmed in any

one of clainms 1 to 9, wherein the HCRF has the activity of a natural HCRF
whose gene is located in the RCA (regul ator of conplenent activation) .

| ocus, which maps to band 32 of chronosone 1. 30 11. A cell or tissue for
use as clained in claim®6, wherein the HCRF regul ates conpl enent activation
at C8 and/or C9. 55 12. A cell or tissue for use as clained in claim11,
wherein the HCRF is or has the activity of: C8bp (al so known as HRF or

MP); 5 :

FIG.15

CHO-MCP cell killing rat anti hamster
antibody rabbit or human complement 1/8

6000
Human complement [ T
-
T
I
5000
J E
+ve control (no killing) . *
_ <000 o I
=
Q. o
'3}
3000 -
:300 B ‘ ."..
Rabbit complement \ }
T4 e {
{ ............ .ve control (all Kkilled)
c r T T - — -
1710 1750 . 11100 17500



P-18 (al so known as HRF 20, CD59 or MRL); or SP40.40. 10 13. A cel

or tissue for use as clained in any one of clains 1 to 12, wherein the HCRF
is menbrane bound. 14. A cell or tissue for use as clained in any one of
claims 1 to 13, wherein the HCRF is provided in such a 15 way that it
is integrated with the cell nenbrane o gppor tissue. 15. A cell or tissue
for use as clainmed in claim 14, wherein the donor tissue is transgenic in
that it 20 contai ns and expresses nucleic acid coding for one or nore
HCRFs whi ch can be used in the recipient species when grafted into the
recipient. 16. A cell or tissue for use as clained in any one of 25
clains 1 to 15, wherein the reci'pient species is human. 17. A cell or
ti ssue for use as clained |nF9$Eéo of claims 1 to 16, wherein the donor
species is a pig. 30 of an animal cell or tissue derived
froma donor speC|es andTgnqgmgpnnﬁthﬁDIogous conplenent restriction
factors ( HG i AT ; g y g t he
conpl ete acj "Sha g Y, . - R
di scor dant Risrean TEC - Rt o3 ; & t he
preparati on g B : A i P i
hyper acut e

.
t
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19.

The .use as clained in claim 18, wherein the donor animal is

transgenic for, and the cells or tissue expresses, the or each HCRF. 20.
The use as clainmed in claim18 or 19, further 10
of the specific features of clains 3 to 14, 16 and 17.
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57
ABSTRACT
MOD OLOGICA

Conventionally, animal tissue from one species can only
be transplanted into another species when the species
are concordant; otherwise, hyperimmune rejection
ensues. In this invention, donor tissue is modified,
for example by being transgenic, to express or

.otherwise be in association with one or mnmore

substances, referred to as homologous complement
restriction factors (HCRFs), which are active in the
recipient species to prevent the complete activation of
complement and therefore rejection. The invention is
in part based on the discovery that the alternative
pathway of complement activation, rather than the
classical pathway, is responsible for hyperacute
discordant xenograft rejection.

Figure 15




