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This invention relates to the use of pharnaceutical 5

The

survival, or prievention of graft loss, in a
INHIBITION OF ALLOGRAFT AND CONCORDANT

XENOGRAFT REJECTION

This invention relates to pharmaceutical formulations
useful in the treatment of chronic rejection of
allografts and rejection of concordant xenografts. The
invention therefore relates to the promotion of graft

survival, or prevention of graft loss, in a host.

Allografting is the transplantation of tissue between
two members of the same species. Xenografting, which
is the transplantation of tissues between two different
species, has been divided by biological criteria into
two subsets (Calne, Transplant. II 550-556
(1970)). The two subsets are concordant xenografts gnd
discordant xenografts.

is that a vascularised organ graft

Proc.

The distinction between these

two subsets
transplanted between discordant species is rejected
hyperacutely, that is to say within a few minutes or

hours of revascularisation. Between concordant
hyperacute rejection of xenografts does not
Grafts will, however, be rejected, and

but this will occur

species,
take place.
often in an accelerated manner,

over several days and not within hours or minutes.

It is a generally held belief, although formal evidence
for this is lacking, that between discordant species
hyperacute rejection is a result of the action of
naturally occurring antibodies against the donor

species. Concordant grafts on the other hand survive

- at least for a short while because no such antibodies

capable of causing their destruction are present.

in the 1literature to

There are many examples
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107 Allografting is the transplantation of tissue between two menbers

of the sane species. Xenografting, which I's the transpl antation of

t Ffssues between two different speci es, has been divided by biol ogical
cri‘teria into two subsets (Calne, Transplant. Proc. |1 550-556 15
(1970)). The two subsets are concordant xemagrafts and di scor dant
xenografts. The distinction between these two subsets is that a
vascul ari sed organ graft transpl ant ed bet ween di scordant species is
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hel d bel i ef althp h fornpl evidence
s of kidney grafts to be as follows:

6

7 Dog-Dog 11.4 days

8 Dingo-dog 11.5 days

] Wolf-dog 19.4 days

10 Fox-dog 6.5 days

11 Lion~-dog 10-24 hours
12 Tiger-dog 10-24 hours
13 Cat-dog 10-24 hours
14 Pig-dog 10-30 minutes
15

16 The last four interactions would on this basis be
17 discordant xenografts, whereas the first four
i8 xenografts would be concordant. Hammer has equated
19 these differences between discordant and concordant
20 xenografts to the presence or absence, respectively, of
21 cross—-species haemagglutinating antibodies.

22

23 At an academic 1level, there are some isolated
24 difficulties with what is essentially a working
25 definition of concordant and discordant species
26 relationships. As a practical matter, however, for the
27 purposes of the present invention, two different
28 species are taken to be related in a concordant fashion
29 if there is no hyperacute rejection of a xenograft from
30 one to the other. For the purposes of the present
31 invention, therefore, species are concordantly related
32 if, even though they would normally give rise to

33 hyperacute rejection, they have nevertheless been
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fof this is lacking, that between discordant species hyper acut e
rejection is a result of the action of natural ly occurring anti bodies
agai nst the donor 30 species. Concordant grafts on the other hand survive
t "l east for a short while because no such antibodies capabl e of
causing their destruction are present. sfhere are many exanples in the
literature to 2 1 denonstrate

this difference. Perhaps the nost el egant
- 1 subjected to a procedure, for example genetic

manipulation, so as to prevent hyperacute rejection.
International Patent Application PCT/GB90/01575 for
example relates in specific embodiments to potential
xenograft donor animals which have been transgenically
modified to express recipient complement down
regulators (such as decay accelerating factor (DAF) or
membrane cofactor protein (MCP)). Organs from the
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donor animals are not hyperacutely rejected when
10 grafted onto an animal of what would normally be
11 regarded as a discordantly related species. For the
12 purposes of this invention, therefore, such transgenic
13 donor animals may be regarded as concordantly related
14 to their intended target species.

15

16 Examples of species having a concordant relationship,
17 as defined above, include hare-rabbit, hamster-rat and
18 non-human primate-human, including, for example,
19 baboon-human, chimpanzee-human and macagque-human.

20

21 The promotion of graft survival has received attention
22 poth in the field of xenografts (discordant and
23 concordant) and allografts. Taking first suggestions
24 that have been made for the promotion of discordant
25 xenograft survival, Adachi et al (Transplant. Proc. XIX
26 (1) 1149-1152 (1987)) have.studied the survival of
27 discordant cardiac xenografts in rats. Among the
28 potential survival promoters studied were cyclosporin
29 A, aspirin and cobra venom factor. Additionally, the
30 combination of cyclosporin A and cobra venom factor was
31 studied. Adachi et al report that "in our study, there
32 was no statistically significant difference in mean
33 survival time between the group treated with
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2 are those of Hammer (in "Xenograft 25" (Mark A. Hardy, 3 Ed) Elsevier,
Anst erdam (1989)). Using always the dog 4 as the recipient species,
Hanmer indicates the survival 5 tinmes of kidney grafts to be as foll ows:

6 7 Dog- Dog 11.4 days 8 D ngo- dog 11.5 days 9
Wl f - dog 19.4 days 10 Fox-dogs 6.5 days 11

Li on- dog 10-24 hours 12 Ti ger - dog 10-24 hours 13

Cat - dog 10-24 hours 14 Pi g- dog 10-30 mnutes 15 16

The | ast fdur icmcelmpdmm wouaddorcdbna vesom bBacidr dirsi:otﬂantgroup

xenografts, 5 wh Sérwa]ﬁiéépﬁ?f95%0m1§%0§89095 BES‘MMM%L Gpdflant .

Hamrer has equate ese erences ween |scordan concor dant
20 xenografits tdnef pedsenbetweeabséfcaand effechpuzsy, ofKemP et al

4 (Transplant. Proc. XIX (6) 4471-4474 (1987)) also
studied various potential discordant xenograft survival
promoters in a study of rabbit kidney xenografts into
cats. Candidate survival promoters included captopril,
enalapril, nifedipine, prostacyclin, sodiun
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chromoglycate, an azathioprine/corticosteroid
10 combination, cyclosporin A and cobra venom factor.
11 Hyperacute rejection was not prevented by any of these
12 candidate drugs except for cobra venom factor which,
13 the authors state, "had a striking effect, with
14 prolongations in graft survival up to seven days".

15

16 Concordant =xenograft rejection has been studied by
17 Hardy et al (Transplantation 33 (3) 237-242 (1982)),
18 who examined the effect of selective 1lymphoid
19 irradiation (SLI) with palladium-109-haematoporphyrin
20 combined with antilymphocyte globulin, a therapy which
21 is primarily directed against T-cell-mediated
22 rejection. Mean survival times were in the order of
23 12.5 days, compared with untreated controls which
24 survivéd for 2.9 days on average. Homan et al
25 (Transplantation 31 (3) 164-166 (1981)) studied the
26 effect of cyclosporin A in the promotion of concordant
27 xenograft survival. The best graft survival was for a
28 medium of 21 days, compared to 2 days for untreated
29 controls. Monden et al (Transplantation 43 (5) 745-746
30 (1987)) studied hamster-to-rat liver xenografts and
31 found that cyclosporin A had no significant graft
32 survival promoting effect when compared to untreated
33 controls. Valdevere et al (Transplant. Proc. XIX (1)

This Sheet Has Been Rei

AR




21s cross-species haemaggl utinating antibodies. 22 23 At an acadenmc
| evel, there are sone isolated 24 difficulties wth what is
essentially a working 25 definition of concordant and discordant
species 26 relationships. As a practical matter, however, for the 27
purposes of the present invention, two different 28 species are taken

to be related in a concordant fashion 29 if there is no hyperacute
rejection of a xenograft from 30 one to £he other. For the purposes of
the present 31 i nvention, therefore, species are concordantly rel at'ed

32 if, even though £h§¥ would normal ly give rise to 33 hyperacute
rej ection, =t heytHvel Pavert IRl ks adpnstudied hamster-to-rat liver

P xenogratfts and found a significant improvement in grarft

survival time, compared to controls, when cyclosporin A

i

3 was adninistered in conjunction with splenectonmy;

(%]

survival was improved from an average of 3.6 days to an

6 ~ average of 17.6 days. Knechtle et al (Transplant.
7 Proc. XIX (l) 1137-1139 (1987)), like the Hardy et al
3 group referred tc above, studied the effect of total
9 lympheoid irradiation (TLI), but this time in
i0 conjunction with cyclosporin A therapy, on the
11 proﬁotion of concordant xenograft survival. They
12 report that, 1in hamster-to-rat cardiac xenografts,
12 cyclosporin A in hiqh doses significantly prolonged
1z survival, but only an occasional recipient had
13 long-tern graft function. TLI in combination with

16 cyclosporin A significantiy further promoted graft
17 survival.

19 Conventional therapy against allograft rejection is to
20. use cyclosporin A either on its own or in combination

with steroids or azathioprin or both. In the opinion
22 of some, the combination of tfiple therapies does not
23 represent an improvement over therapy using cyclosporin
23 A alone. These therapies are effective‘in the
25 prevention and reversal of acute graft rejection, and
26 probably retard the onset of chronic graft rejection,
27 'but appear to have little or not effect on the reversal

23 of chronic rejection after onset.

30 Knechtle.et al (Heart Transplantation & Immunology IV
3z No S5: 541-545 (Sept/Oct 1985)) have analysed the effect
2 in rats of cyclosporine, total lymphoid irradiation and
o cobra venom factor on hyperacute rejection. It was
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3 =1 subjected to a procedure, for exanple genetic 2 manipulation,
so as to prevent hyperacute rejection. 3 International Patent Appllcatlon
PCT/ GB90/ 01575 for 4 exanple relates in specific enbodinments to potenti al
5 "xenograft donor ani mals which have been transgenically 6. nodified to
express recipient conplenment down 7 regulators (such as decay

accel erating factor (DAF) or 8 nenbrane c Fctor protein (NCP)) Or gans

onto. an_ani mal | GrOM LIS in G AES b4 OF1 oF s bo IR Sogr i Agh
rel ated speci es.or ﬁyc]t@dﬁnqnquods:ssamﬁertm|mum\cmﬁﬁwWeﬁdmrﬁf¢ﬁ@: @iti:h
transgenic 13 QRRPrréBth'%d“ﬁbﬁ&éEGQHEGEGaﬂse%%%*%&%%%'¥e58H“f%£tor

alone.

The present invention seeks to promote the better
survival of, or to rescue from rejection, concordant
xenografts and/or allografts. The invention is based on
thg realisation that concordant xenograft survival,
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14~ to their intended target species. 15 16 Exanpl es of speci es having a
concordant relationship, 17 as defined above, include hare-rabbit,
hanster-rat and 18 non-human prinate-human, including, for exanple, 19
baboon- hunan, chinpanzee-human and nmacaque- human. 20 21 The pronotion of
graft survival has received attention 22 bath in the field of xenografts
(di scordant and 23 concordant) and allografts. Taking first suggestions
24 that have been made for the pronotion of discordant 25 xenograft
survival, Adachi 288 @1lSoTrakhkggeaft SuovivalX 2én kel madkedlgSanhahesd))
have studi edat hepguryiastndit 271t SCUMINFALSh 26X S roa.ﬁféérir{‘ a%éd

Among the 28 potential survival pronoters studied wer osporin
aspirin and aobr§°g’€ﬁorﬁ?m of ACtRIy; t PHNAW Worelhbnebm%rrtﬂﬁwa@mnounds

cycl osporin 4 anHavdhgasinndarfnetes vwesadtiofitudi ed. Adachi et al report
that "in oursstudy, there 32 was no statistically significant difference

i n nean

6 According to a first aspect of the present invention,
7 there is provided a pharmaceutical formulation
8 comprising a complement inhibitor and an
9 immunosuppressant with cyclosporin A-like activity.

10

11 Pharmaceutical formulations in accordance with the
12 invention therefore have two components, at least. A
13 first component is a complement inhibitor. The
14 complement inhibitor may either prevent the activation
15 of complement or remove or deplete it, or one or more
16 of its components. Preferably, the complement
17 inhibitor will inhibit both the classical and
18 alternative pathways of complement activation. It is
19 therefore preferred that the complement inhibitor acts
20 to block the pathway at €3, whether by inhibition or
21 removal or depletion. It will be appreciated,
22 therefore, that antibodies (for example monoclonal
23 antibodies) against C3 may be used as the complement
24 inhibitor in the present invention. Other useful
25 complement inhibitors include soluble decay activating
26 factor (DAF) and soluble membrane cofactor protein
27 (MCP). One of the most preferred complement inhibitors
28 is cobra venom factor.

29

30 Snake venoms are among the most complex of animal
31 secretions, containing a vast number of substances with
32 different pharmacological and biochemical activities.
33 The presence in venoms of principles affecting
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33*< survival tinme between the group treated wth

4 1 cyclosporin A and cobra venomfactor and the group 2 treated with
cobra venom factor alone". Mean survival 3 tinmes were between 40 and 50
hodr s. Kenmp et al 4 (Transplant. Proc. XX (6) 4471-4474 (1987))

also 5 studied various potential discordgnt xenograft survival 6
pronoters in a study of rabbit kidney xenografts into

1 complement has been known for almost a century. The
2 action of the venom of the cobra (Naja naja kaouthia)
3 on serum complement has been studied in some detail.
4 The active factor is a glycoprotein with a molecular
5 weight of 144kDa, which combines with serum factor B in
6 the presence of magnesium ions. Factor B is then split
7 into two components by the proteolytic action of serum
8 factor D, creating Bb and Ba. The complex CoF-Bb,
9 where CoF represent cobra venom factor, is a highly
10 active C3- and CS5-splitting enzyme or convertase.
11 However, unlike normal C3- and CS-convertases, the
12 CoF-Bb is resistant to the normal complement regulatory
13 systems. Therefore, its action will continue, until
14 all C3 has been converted, thus effectively depleting
15 the individual of complement activity. Splitting of CS
16 releases CS5a, which has anaphylactoid action; not all
17 Naja cobra venom factors possess this C5 convertase
18 activity, but this is not believed to be important for
19 the purposes of the present invention. Inhibition of
20 complement is not restricted to venoms of the Naja
21 genus. Eggertsen et al (Toxicon 18 87-96 (1980)) have
22 studied venoms from snakes of the families Elapidae
23 Viperidae and Crotalidae. Of 26 venoms studied, 22
24 have the ability to inhibit the activity of normal
25 human complement. Analysis of the structure of cobra
26 venom factor suggests that it is the equivalent of
27 cobra C3 or a partially degraded product of it.
28 |
29 Cobra venom factor, and other snake venom factors, will
30 generally not be administered in the present invention
31 in their native form, because of the obvious problems
32 of toxicity. In the absence of other measures to
33 combat the toxicity problem, therefore, it will
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7 ~cats. Candidate survival pronoters included captopril, 8 enalapril

ni fedi pine, prostacyclin, sodium 9 chronoglycate, an

azat hi oprine/corticosteroid 10 conbination, cyclosporin A and cobra
veriom factor. 11 Hyperacute rejection was not prevented by any of these
12 candidate drugs except for cobra venomgfactor which, 13 the authors
state, "had a striking effect, wth 14 prolongations in graft survival
up to seven days". 15 16 Concordant xenograft rejection has been studied
by 17 Hardy elgedleraingnoel aecebsary33t(Ieadt/ pad2ibid§2kb pulds e
exam ned tge ef f ect %f sele%tlve 5#%$ph0| 19 |rrad|at|on,gbL|) W t h
pal | adi um 169- hA&t $horFFRIH HBEM ¢ nEFRES hVERE™ y nphddyt &5yl 888 i n,

a therapy wii chnezZkssaxy pfomecobya drrethed sagpkieStendmcehttoerdiat ded 22

conpar ed wi £ ubtrad bi8coher areibhBasl e Ry 13, 9% Sidient
aver age. S5Homanventdlon 2%ut (dleaspyanegulatadly (Bokibems 66f( 268h)ing
studied theg  e1se would tend to prescribe the use of a substantially
7 purified factor. Cobra venom factor, as a
8 semi-purified preparation, can be obtained from
9 chemical suppliers such as Sigma (Sigma Chemicals
10 Limited, Poole, Dorset), who also supply crude cobra
11 venom for in-house purification. An example of a
12 preparative process for cobra venom factor from crude
13 cobra venom is given in the examples.
14
15 It will be appreciated that, in addition to the use of
16 natural cobra venom factor and other snake venonm
17 factors, analogues of such factors (including active
18 fragments) can be used in this invention, as can
19 synthetic factors including those produced by
20 recombinant DNA technology. The characteristic of CoF
21 that makes it suitable for use in the present invention
22 is its ability to form a stable complex with factor Bb
23 which is resistant to the normal breakdown mechanism.
24 Other molecules having this characteristic are
25 therefore also preferred for use in the invention.
26
27 A second component of pharmaceutical formulations in
28 accordance with this invention is an immunosuppressant
29 with cyclosporin A-like activity. Such compounds will
30 be well known to those skilled in the art and include
31 cyclosporins other than 'cyclosporin A, such as
32 cyclosporin C and cyclosporin G. Eicosanoids also have
33 cyclosporin A-like activity and include PGI,
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26 ~ effect of cyclosporin Ain the pronotion of concordant 27 xenograft
survival. The best graft survival was for a 28 nedium of 21 days,
conpared to 2 days for untreated 29 controls. Mnden et al

(Transpl antation 43 (5) 745-746 30 (1987)) studi ed hanster-to-rat |iver
xenografts and 31 found that cyclosporin A had no significant graft 32
survival pronoting effect when conpared to2untreated 33 controls.

val devere et al i@éﬂgﬁbéiln) rogGEﬁlX %%bz, rapamycin and FK 506
' (Fujlsawa).' Compound FK 506 is one of those that is
-preferred for use in the present invention, but the most
preferred is cyclosporin A itself. Cyclosporin A 1is

5 available from Sandoz under the trademark SANDIMUN.

A particularly preferred embodiment of the present
invention uses a pharmaceutical formulation which
comprises cobra venom factor and cyclosporin A, two of

10 the most preferred individual compounds discussed above.

It will be appreciated that other ingredients may be
present in pharmaceutical formulations for use in
accordance with the invention. Excipients will usually
15 be present, and the presence of other active ingredients
is not excluded. More than one active ingredient of each

category may be present.

It will be appreciated that the active ingredients do not
20 necessarily have to be co-administered in a single
formulation. A product containing a complement inhibitor
and an immunosuppressant with cyclosporin A-like activity
can be used as a combined preparation for simultaneous,
separate or sequential use in promoting allograft or

25 concordant xenograft survival or rescue from rejection.

A kit comprisihg a pharmaceutical preparation of a
complement inhibitor and a pharmaceutical preparation
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1. 1158-1159 (1987)) also studied hanmster-to-rat |iver 2 xenografts
and found a significant inprovenent in graft 3 survival tinme, conpared
to controls, when cyclosporin A 4 was administered in conjunction

with spl enectony; survival was inproved froman average of 3.6 days
to an 6 average of 17.6 days. Knechtle et al (Transplant.. 7 Proc.
XIX (1) 1137-1139 (1987)), like the Hardy et al 8 group referred to
above, studied the effect of total 9 | ygphoid irradiation (TLI), but
this time in 10 conjunction wth cyclosporin A therapy, on the

11 pronotion of concordant xenograft survival. They 12 report

that, in hansicd dm-inidurdupipe e hdftts cycldspordnosparike Adtiviicgh
doses S|gn|f|cantl rol onged 14 survival, but only an occasional
reci pi ent 2had "5 4) 4Lﬂrngraft functlon TLI in conbination with 16

cyclosporing A significantly further pronoted graft 17 survival.
Cyclosporin A and other immunosuppressants with

d>

cyclosporin A-like activity will usually be
administered parenterally in the practice of the
present invention. In such cases, the preparation
containing the immunosuppressant will be sterile.
However, cyclosporin A- itself, and some other
10 immunoéuppressants, may be administered orally, in

W 0O 2 ¢ W

11 which case sterility is not essential. Cyclosporin 2
12 itself is only sparsely soluble in water and for
13 practical purposes it is preferred to dissolve it in an
14 0il, such as a vegetable oil. 0Olive o0il has been found
15 to be acceptable in practice. Dissolution in oil is
16 only necessary when dealing with an immunosuppressant
17 which is not soluble in water, and in general terms,
18 the immunosuppressant may be dissolved in any
19 appropriate physiologically acceptable carrier. In
20 some cases, dissolution may not even be necessary. The
21 concentration at which the immunosuppressant is
22 prepared will of course depend on the nature of the
23 immunosuppressant itself and the intended dose, which
24 will generally be under the guidance of the cliniclan
25 or physician. As a qéneral guide, however, it has been
26 found appropriate to prepare formulations of the
27 cyclosporin at a concentration of from 1 to 100 mg/ml,
28 for example from 1 to 10 mg/ml, typically about 5 mg/ml
9 for parenteral purposes or 25 to 100 mg/ml, for example
0 from 50 to 100 mg/ml, typically about 100 mg/ml for
1 oral administration.
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18 <19 Conventional therapy against allograft rejectionis to 20 use
cyclosporin A either onits own or in conbination 21 wth steroids or

azathioprin or both. 1In the opinion 22 of sonme, the conbination of triple
t heérapi es does not 23 represent an inprovenent over therapy using
cyclosporin 24 A al one. These therapies are effective in the 25

prevention and reversal of acute graft rejection, and 26 probably retard
the onset of chronic graft rejection, 27 but appear to have little or not
effect on the r SpapdEinegag ithihibors supbcisocakinervenumt fagfofOwill

Knechtl e et »al @E@@g I I [ ﬂ%?ahﬁ g \% 5; -245
(Sept/ Cct 1585)) ,ha\fzal}rgﬁgegm?ﬁg g‘& (_ag{ 2 fnx?gts?%g‘ %@%?oggoég’ﬁg,
total |ynphdid MidddiZanesflehit B3 stebble.vefO@adtanonfadberadtsels

rejection. 4lt Way be formulated in phosphate buffered saline (without
azide) or any other suitable solvent or carrier. It
may be that oral formulations can be developed. The
concentration of complement inhibitor in a
pharmaceutical formulation will again depend on the
ultimate intended dose, which will be under the control
10 of the clinician or physician. For guidance, however,

W 0 J9 6 U

11 a preparation of cobra venom factor in PBS can be made
12 at a concentration ranging from 0.05 mg/ml up to the
13 limit of solubility, which will be dependent on its
14 purity. Compositions having a concentration up to
15 5 mg/ml may be useful in practice, for example those
16 having a concentration of from 0.1 to 2 mg/ml, for
17 example about 0.5 mg/ml.

18

19 Because cyclosporin A is essentially not soluble in
20 aqueous media, whereas cobra venom factor is, these two
21 preferred active ingredients will generally be
22 formulated separately and administered separately in
23 practice. This is not in principle essential, however,
24 as it may be possible to formulate an appropriate
25 emulsion of the two active ingredients, and different
26 combinations of active ingredients may be soluble in a
27 common solvent or at least suspendable in a common
28 carrier.

29

30 Reference has been made above to parenteral injection.
31 The preferred site of injection is muscle, because of
32 the depot effect resulting from an intramuscular
33 injection. Intravenous injection, however, may be
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6 concluded that the addition of total |ynphoid irradiation or
cyclosporine to treatnent with cobra venomfactor did not result in |onger
surwvi val than cobra venom factor al one. The present invention seeks to
pronote the better survival of, or to rescue fromrejection, concordant
xenografts and/or allografts. The invention is based on the realisation

t hat concordant xenograft survival

12

appropriate in some circumstances and subcutaneous
injection may have some if not all of the advantages of

TR NI

intramuscular injection. Intraperitoneal injecticn

could be used if circumstances dictate.

da

o W\

~)

11
12
13

A
-3

15
1leé
17
18
19 It may be preferable in many circumstances =tc
20 pre-administer some or all of the active ingredients
21 useful in this invention before graft surgery takes

22 place. It should also be noted that a primary
23 advantage of the present invention as it relates <c
4 allografts is that the combination of active
25 ingredients useful in the present invention would be

26 useful for preventing chronic rejection or managing
27 chronic rejection (ie rescuing from rejection) after
23 its onset; this wusually happens many vears
29 post-transplant.

30

21 Allograft recipients suffering from chrenic graic
32 rejecticn, or at risk from chronic grait rejecticn, =mav

'
S

(& ]
(%)

well &me receiving immunosuppression with cyclosporin
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and al so allograft survival, can be markedly enhanced by treat ment
with a conbination of cyclosporin A and cobra venom factor, or by
conbi nati ons of conpounds havi ng simlar nodes of action. 5 _
According to one aspect of the present invention, there i's provided
the use of a conplenent inhibitor and an 13 inmunosuppressant with
cyclosporin A-like activity in the preparation of an agent or agents

for pronoting allograft 10 , or concordant xenograft survival or
rescue froﬁg or "another immunosuppressant having cyclosporin A~like
2

activity. For the purposes of this invention, in order
to treat or prevent chronic graft rejection in such
patients it is necessary only to add complement
inhibitor therapy. According to a fifth aspect of the
invention, there is provided the use of a complement
inhibitor in the preparation of an agent for promoting
allograft or concordant xenograft survival, or rescue
of such a graft from rejection, in a graft recipient
10 being treated with an immunosuppressant with
11 cyclosporin A-like activity. The invention therefore
12 has application in a method of promoting allograft or
13 concordant xenograft survival and/or of rescuing such a
14 graft from rejection, in a host, the method comprising
15 administering to a graft recipient or an intended graft
16 recipient, being treated with an immunosuppressant with
17 cyclosporin A-like activity, a complement inhibitor.

18 |

19 The immunosuppressant with cyclosporin A-like activity
20 will be administered at any suitable effective but non-
21 toxic level, having regard to the species being treated
22 and the organ being transplanted. The upper limit of
23 cyclosporin A tolerance in humans is determined by its
24 nephrotoxicity and the age of the recipient. 20 mg/kg
25 per day may be a safe upper limit for treating humans
26 in many cases, although other species may well have
27 higher tolerances. Cyclosporin A is effective at low
28 doses, and so the 1lowest amount that may be
29 administered will simply be the lowest amount that
30 gives an effective response. Amounts of 1 or 2 mg/kg

W 0 9 o0 1 &= w

31 per day have in some cases found to be effective. Aas a
32 general guide, between 5 and 10 mg/kg per day can be
33 administered. If administered parenterally,
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rejecti on; wherein said allograft survival or rescue from rejection
Is in respect of an allograft which is not hyperacutely rejected.
15 Phar maceutical fornulations which can be wused in

accordance with the invention therefore have two conmponents, at

| east. A first conponent is a conplenment 14 I nhi bitor. The conpl ene
I nhi bitor may either prevent the activation of conplenment or renove
or deplete it,
t he conpl eryeilospoiriini & mey |bé nfivén ontAltéenstasaagsl andwhich

alternative_path S o | enent, aciivation. It Js t herefaore
preferred tRat t%%%%d%% egn%FiWﬂﬁ%ﬁzg? %ﬁ#?%%?’ Fbrlﬁ%ﬁkpfﬁge5§
C3, whet her 3by ior@ilbindutte orhoveven, 48ily dosdgs etilh.bel thei kleglimen

appr eci at edy t hgpef elé:gicgiat morrr'gy BafEHqugligq. hg:g%rlrg%gg@i% UR”ﬁﬁa}f”;ﬁe

anti bodi es) agai nst

the present53
' 6

7

8

9
10
11
12
13
14
15
1le
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33

or 20 one or nore of its conponents. Preferab

: Y e use ment i nhibito
admipgggeredh tviceher moreufregnensiynperndali tor giveclau

total daily dose in the order of 5 to 10 mg/kg, for
preference. Other immunosuppressants with cyclosporin
A-like activity will be administered at effective but
non-toxic doses, as will be determined by the clinician

or physician.

The complement inhibitor, such as cobra venom factor,
will as a guiding principle be administered in an
amount which effectively inhibits coﬁplement activity,
as determined by the complement haemolysisso (CHgg)
assay. The safe upper limit for the administration of
cobra venom factor has not been determined, but doses
of 2 mg/kg do not appear to be toxic. The minimum
dosage of cobra venom factor is species dependent and
can readily be determined by the CHg, assay. Daily
doses of between 0.01 and 0.1 or 0.2 mg/kg have been
found to be effective for cobra venom factor.
Effective and non-toxic dosages of other complement
inhibitors can also readily be determined by those
skilled in the art, for example, using the CHg, assay.

‘Cobra venom factor takes about 6 hours for its initial

activity to take effect after intramuscular
administration. Once the initial activity is observed,
it can last for more than 1 day, for example 2 days,
and so daily administration of cobra venom factor may
not be necessary. In fact, it 1is preferred to
administer cobra venom factor on alternate days, in
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soluble decay activating factor (DAF) and soluble 30 menbr ane

cofactor protein (MP). One of the nost preferred.conpl enent
inhibitors is cobra venom factor. Snake venons are anong the nost
conpl ex of ani nal secretions, containing a vast nunber of substances
wi th 35 di fferent pharnacol ogi cal and-i ochenical activities.
The presence in venons of principles affecting
8 by which case the preferred daily dosages given above will:

2 be doubled on the day of administration. In practice,

it has been found that a particularly suitable dosage

(93]

regimen is to administer 0.4 mg/kg intramuscularly on

g»

n

alternate days.

Cyclosporin A or other immunosuppressant administration
will usually be continuous. Cobra venom factcr or

~1

o+]

9 other complement inhibitor administration will
10 generally not be ccntinucus, but may be prolonged; even
11 this may not in practice be essential, as short tern
12 therapy may be all that is needed for the treatment
13 for, or rescue ffam rejection of, concordan=z

14 xenografts.

20 The invention will now be illustrated by reference to
21 the following preparation and examples. The examples
22 refer to the accompanving drawings, in which:

24 FIGURE 1 is a graph of hamster heart xenograft survival
25 in rats., with percentage survival being plotted against

26 days post transplant; and

28 - FIGURE 2 is a graph of hamster heart xenograft survival
29 in cyclophosphamide treated rats; the graph otherwise

corresponds to Figure 1.

W
N O

3

(%}
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1 - conpl enent has been known for alnobst a century. The 2 action of the

venom of the cobra (Naja naja kaouthia) 3 on serum conplenent has been

studied in sone detail. 4 The active factor is a glycoprotein with a
not ecular 5 weight of 144kDa, which conbines with serumfactor B in
the presence of magnesiumions. Factor Bilé& then split 7 into two

conponents by the proteolytic action of serum 8 factor D, <creating Bb

and Ba. The conpl ex CoF-Bb, 9 where CoF represent cobra venom factor,

is a highlyl 10Brsparakion and C5-splitting enzyme or convertase. 11
However, uglike normal C3- and C5-convertases, the 12 CoF-Bb is

reS|stant to the normal conpl enent, regul at or

systens Therefore

action wi|3conThASe Prgpayation %&YeﬁﬁahB§°§8€RlcéﬁveﬁﬁﬁPa¥¥R% cobra

ef fectivel ysdepiehbfidfadbort Beomndruiidusbops ¢efibhement activity.
Splitting of C5 16 releases C5a, which has anaphyl actoid action; not all

17 Naja coBra venom factors possess this C5 convertase

6

7

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

1g of venom of Naja naja kaouthia (Sigma, Product No.
V-9125, Lots Nos. 116F-0398 and 58F-0565) was dissolved
in 60 ml of degassed sodium phosphate buffer (0.01M) at
pH 7.5 and pumped onto a 90cm x 26mm (internal
diameter) column of DEAE cellulose (DE52, Whatman) and
equilibrated with the same buffer. The column was then
eluted at 43.0 ml per hour with the starting buffer
until the A,g, absorbence of the effluent returned to
0. A linear 3 litre:3 litre gradient of starting
buffer and limit buffer (0.01M sodium phosphate, pH
7.5, containing 0.5M sodium chloride) was then pumped
on at 40.0 ml per hour and 7.0 ml fractions were
collected. Fractions were tested for anti-
complementarity, and the positive fractions were pooled
and concentrated on CX-10 ultrafilters.

The whole of the cobra venom factor pcool was pumped
onto a 90cm x 26mm (internal diameter) column of
Sephadex G200 (fine) (Pharmacia GB Limited, London),
equilibrated with PBS (no azide) and eluted with PBS at
36 ml per hour. 6 ml fractions were collected and
assayed for anti—complemenﬁarity activity. The cobra
venom factor fractions (ie the active fractions) were
pooled, especially on the descending limb of the peak,
concentrated on CX-10 ultrafilters, partitioned into
aliquots and stored frozen at -20°C ready for use.
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18 “activity, but this is not believed to be inportant for 19 the
pur poses of the present invention. Inhibition of 20 conplenent is not
restricted to venons of the Naja 21 genus. Eggertsen et al (Toxicon 18
87-96 (1980)) have 22 studied venons from snakes of the famlies Elapidae
23 Viperidae and Crotalidae. O 26 venoms studied, 22 24 have the
ability to inhibit the activity of normal 25 human conplenent. Analysis
of the structure of cobra 26 venomfactor suggests that it is the
equi val ent af EhecammhrﬁﬁmplemepaarYahb¢ﬂyipxuhii¢mhﬂchenbmiﬁact§r29
Oobra_venom,f actfe,4d OtRCTa S0RK e UHIOBR! Helflired! by She 92891 DRIl
? P n atTve

be adn1n|stered resen I nventi o I'n t elrr orn1 because
of the obV|@u5|maﬁhQ#m 320 pl foartieps wenen inpubakedceith d0heyl of

measures 10,433 GUBAhM v BerP 20 MRutdd @ e39%R. ig i ldmounts

5 were then added to wells in a test plate, made from:

6

7 5.0 ml 2% aqueous agarose;

8 4.5 ml double strength PBS including 20mM EDTA;
9 0.5 ml 10% washed guinea pig erythrocytes; and
10 0.5 ml fresh normal human serum.
11

12 The plate was then incubated overnight at +4°c.
13 Positives are shown by clear zones of 1lysis after

14 incubation.

15
16 Example 1 (Comparison Example)
17

18 In this example, the rats are DA rats from Banting and
19 Kingdom, and the hamsters are Syrian hamsters, also
20 from Banting and Kingdom. Following the method of
21 Heron (Acta Pathol. Microbiol. Scand. 79 366-372
22 (1971)), hamster hearts were grafted into the necks of
23 the rats. The aorta was joined to the carotid artery
24 using the cuff technique described by Heron.
25 Similarly, the pulmonary artery was joined to the
26 jugular vein. All other cardiac vessels were ligated.
27 Hearts began beating with a few minutes of removal of
28 clamps. Skin was then closed over the implanted heart,
29 which was monitored daily by external palpation.

30

31 Heart graft survival data are shown in Figure 1 and are
32 represented by line 1. It can be seen that the median
33 survival rate of the grafts was 3 days.
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9 * generally be necessary at l|least partially to purify the active

factor fromthe crude venom It is not necessary for cobra or other
snake venom factor to be purified to honbgeneity for use in the present
5 ‘invention, but clearly regulatory problens if nothing el se woul d
tend to prescribe the use of a substantialjg purified factor. Cobr a
venom factor, as a sem -purified preparation, can be obtained
from chem cal suppliers such as Sigma (Sigma Chem cals 10 Limted,
Pool e, Dorset), Exhmpaks@ {CppbwurdisorcERahpie)

2

3 The procedure of Example 1 was repeated, except that

4 cyclosporin A was administered at a dosage of 20 mg/kg

5 per alternate day. . The cyclosporin A was administered

6 as a 20 mg/ml preparation in olive oil and injected

7 intramuscularly, with the first dose being given at the

8 time of transplantation. Injections were given on

9 alternate days thereafter. Graft survival data are

10 again shown in Figure 1: line 2 gives the results from
11 this example. The median graft survival rate is 3

12 days.

13

14 Example 3 (Comparison Example)
15

i6 The procedure of Example 1 was repeated, except that
17 cobra venom factor was administered at a dosage of 0.4
18 mg/kg per alternate day. The cobra venom factor was
19 administered as a 0.5 mg/ml solution in azide-free PBS.
20 The first injection was made intramuscularly at the
21 time of transplantation, and subsequent intramuscular
22 injections were made on alternate days thereafter. The
23 graft rejection data are again presented in Figure 1.
24 The results are shown on line 3, which indicates that
25 the median survival rate for the grafts is 6 days.

26
27  Example 4
28

29 The procedure of Example 1 was repeated, except that
30 both cyclosporin A and cobra venom factor were
31 administered to the recipient. Cyclosporin A was
32 administered at a dose of 20 mg/kg on alternate days,
33 so that the conditions for cyclosporin administration
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veriom for in-house purification. An exanple of a preparative process
for cobra venom factor from crude cobra venomis given in the exanples.
15_1t will be appreciated that, in addition to the use of nat ur al
cobra venom factor and ot her snake venom factors, anal ogues of such
factors (including active fragments) gan be used in this invention, as
can synthetic factors including those produced by 20 reconbi nant DNA
technol ogy. The characteristic of COF that makes it suitable for use
in the preant werventhensame as ihsExampiley 2t.0 fThen colstablensanpaekon th
factor h 0, h

O her nDIecuIes %v?%%l %%é%%gr §%%P€?$C§§$% géﬁé¥ﬁere?g$% g%éég%Pg?erred
for use in 3he imvExrample 3. Bothecthe cysdoswarigt Hhandaddra i cebra

fornul ationg Whighom factor were first administered at the time of

5 transplantation. Graft survival data are again shown
in the figure. 1In this example, no graft rejection is
observed, as can be seen from line 4 of Figure 1. At
present, median graft survival is in excess of 50 days.

O 00 ~ o

10 Example 5

11

12 The procedure of Example 4 was repeated, except that
13 cobra venom factor administration was discontinued
14 after 28 days post transplant. Median graft survival
15 was greater than 100 days. Two animals were sacrificed
16 at 103 and 105 days and histological examination of the
17 graft showed normal cardiac architecture. A remaining
18 rat has survived with a beating hamster heart for more

19 than 5 months so far.

20

21 Example 6 (Comparison Example)

22

23 20 rats were given hamster hearts by the protocol
24 described in Example 1. They were treated with

25 cyclosporin A as described in Example 2, and in
26 addition they were given ENDOXAN cyclophosphamide i.p.
27 (20 mg/kg) one day pre-transplant (day-1) and on day 2
28 post-transplant. (The word ENDOXAN is a trade mark for
29 cyclophosphamide, which is an inhibitor of antibody
30 production.) The hamster hearts were rejected as shown
31 in line 5 of Figure 2. The observed delayed rejection,
32 in which the delay was a result of the short
33 cyclophosphamide therapy, simulates a delayed xenograft
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can be used in accordance with this invention is an

with cyclosporin A-like activity. Such 30 conpounds wll be well known to
t'hose skilled in the art and include cycl osporins other than

cycl osporin A, such as cyclosporin C and cyclosporin G  Ei cosanoi ds

al so have cyclosporin A-like activity,and include PG[err].

10 (prostacyclin), PCGEerr], PA)ferr], rapanycin and FK 506,

(Fuj i sawa) .

O 0 N o 1 > W N

W W W NN NN NN NN P O R S b S e e s
W N KH O W OB NGO WM & WNHO WO NN & W B o

Conmpound FK 506 is one of those that is

rejection of the type that would result from inadequate

immunosuppressive protocols.

Example 7

Five rats were treated as in Example 6, but
additionally were treated with cobra venom factor as in
Example 4 from day 7. Treatment with cobra venom
factor lasted for 14 days. All animals were rescued
from rejection, as can be seen from line 6 of Figure 2.
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preferred for use in the present invention, but the nost preferred

I's cyclosporin Aitself. Cycl osporin Ais b5 avai |l abl e from Sandoz
under the trademark SANDI MUN. A particularly preferred enbodi ment
of "t he present i nvention uses a pharmaceutical formnulation which
conprises cobra venom factor and cyclosporin A two of 10 t he nost
preferred individual conpounds di scussed abgve. It will be
appreci ated that other ingredients may be 21 present in pharmaceuti cal
formul ations for use in accordance with the invention. Excipients

will usually 15 be present, and the prgsenge of other active ingredients
I's not excluded. More than one active ingregﬁent of each cat egory
may be present.

1. The wuse o0f a complement inhibitor and an
immunosuppressant with cyclosporin A-like activity in the
5 preparation of an agent or agents for promoting allograft
or concordant xenograft survival or rescue from
rejection; wherein said allograft survival or rescue from
rejection is in respect of an allograft which is not
hyperacutely rejected.
10
2. The use of a complement inhibitor in the preparation
of an agent or agents for promoting allograft or
concordant xenograft survival, or rescue from rejection,
in a graft recipient being treated with an
15 immunosuppressant with cyclosporin A-like activity,
wherein said allograft survival or rescue from rejection
is in respect of an allograft which is not hyperacutely

rejected.

20 3. The use as claimed in claim 1 or claim 2, wherein
the complement inhibitor inhibits both the classical and

alternative pathways of complement activation.

4. - The use as claimed in any preceding claim, wherein
25 the complement inhibitor comprises MCP, DAF or an
antibody against C3.

5. The use as claimed in claim 1 or claim 2, wherein
the complement inhibitor comprises a molecule which forms
30 a stable complex with factor Bb, wherein the complex is

resistant to nocrmal breakdown mechanisms.

6. The use as claimed in any of claims 1 to 3, wherein
the complement inhibitor comprises cobra venom factor.

This Sheet Has Been Replaced

'li!iflljmlﬂl".!“"l”'!" . AR




It will be appreciated that the active ingredients do not 20

necessarily have to be co-admnistered in a single

formul ation. A product containing a conplenent inhibitor and an

I mmunosuppressant with cyclosporin A-like activity can be used as a
conbi ned preparation for sinultaneous, separate or sequential use in
pronoting allograft or 25 concordant _xenograft survival or rescue from
rejection. A kit conprising a p%%rnaceutical preparation of a
conpl enent inhibitor and a pharmaceuti cal preparation '

7. The use as claimed in any preceding claim, wherein
the immunosuppressant with cyclospdrin A-like activity is

a cyclosporin or an eicosanoid.

5 - B. The use as claimed in claim 7, wherein the

immunosuppressant is cyclosporin A.

9. ,The use as claimed in claim 7, wherein the

immunosuppressant is FK 506.

10
10. The use according to any preceding claim, wherein
the complement inhibitor and the immunosuppressant with
cyclosporin A-like activity are for simultaneous,
separate or sequential administration.

15

11. The use according to any preceding claim, wherein
the complement inhibitor and the immunosuppressant with

cyclosporin A-like activity are provided in kit form.

L T



1 =of an imunosuppressant with cycl osporin A-like activity 2 my be

used. 4 Cyclosporin A and other inmmunosuppressants wth 5
cyclosporin A-like activity wll wusually be 6 adm nistered
parenterally in the practice of the 7 present invention. I n such
cases, the preparation 8 <containing the imunosuppressant will be
sterile. 9 However, cyclosporin A itself, and sonme other 10
| mmunosuppressants, rmay be adm ni stered o?élly, in 11 which case
sterility is not essential. Cyclosporin A 12 itself is only sparsely
soluble in vates , A pdi'THE CONTRACTING STATES: ES and GR
1. A process for the preparation of a pharmaceutical
formulation comprising admixing a complement inhibitor
5 and an immunosuppressant with cyclosporin A-like
activity.
2. A process as claimed in claim 1, wherein the
complement inhibitor inhibits both the c¢lassical and
10 alternative pathways of complement activation.
3. A process as claimed in claim 1 or 2, wherein the
complement inhibitor comprises MCP, DAF or an antibody
against C3.
15 ' '
4. A process as claimed in claim 1, wherein the
complement inhibitor comprises a molecule which forms a
stable complex with factor Bb, wherein the complex is
resistant to normal breakdown mechanisms.
20 o
5. A process as claimed in claim 1 or 2, wherein the
complement inhibitor comprises cobra venom factor.
6. A process as claimed in any one of claims 1 to 5,
25 wherein the immunosuppressant with cyclosporin A-like
activity is a cyclosporin or an eicosanoid.
7. A process as claimed in claim 6, wherein the
immunosuppressant is cyclosporin A.
30

8. A process as claimed in claim 6, wherein the

immunosuppressant is FK 506.
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13- practical purposes it is preferred to dissolve it in an 14 oil, such
as- a vegetable oil. dive oil has been found 15 to be acceptable in
practi ce. Dissolution in oil is 16 only necessary when dealing with an

| Mirunosuppressant 17 which is not soluble in water, and in general terns,

18 the immunosuppressant may be dissolved in any 19 appropriate
physi ol ogi cally acceptable carrier. I n 2? sone cases, dissolution may
not even be necessary. The 21 concentrat n at which the

| mmunosuppressant is 22 prepared will of course depend on the nature of

the 23 '”“U”°§Uppr§558> etsiae'f e‘t'l{’}%l ng&@ggﬁgg%ﬁe’ oghi ¢f iﬁr%ﬁét

general ly be under t dance _or physici
general gui de, ﬁ@ﬂé@éﬂlnﬂt ha& bee@omP enegiind appPridpktiere tangrepape

];TS; m“ atzéonsf O(r)irg&\gﬁog\?x ?%Ekgﬁﬁowﬂrﬁtcfcf&éﬁ&ﬂﬂ ahLonkef afcrtqml]tj Ofr%QO
X
'parenteral pur ppEesa®r 225°P81a88 Hﬁ?ﬂ?ra?b?n ﬁp@%ﬂ%&Fan??%ﬁ15%ﬁ?%xiE®

mg/ M, typicaldy skouent@@lnyidd {Wrpromotifly adlickirsiftatd®neconcordant
' xenograft survival or rescue from rejection.

10. A process for the preparation of a kit comprising
assembling a pharmaceutical preparation of a complement
10 -inhibitor and a pharmaceutical preparation of an

immunosuppressant with cyclosporin A-like activity.

11. The wuse of a complement inhibitor and an
immunosuppressant with cyclosporin A-like activity in the
15 preparation of an agent for promoting allograft or

concordant xenograft survival or rescue from rejection.

12. The use of a complement inhibitor in the preparation
of an agent for promoting allograft or concordant
20 xenograft survival, or rescue from rejection, in a graft
recipient being treated with an immunosuppressant with

cyclosporin A-like activity.
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32~ 12 1 Conplenent inhibitors
such as cobra venomfactor will 2 generally be given parenterally and for
this purpose 3 wll generally be sterile. Cobra venomfactor itself 4
may be formul ated in phosphate buffered saline (without 5 azide) or any
ot her suitable solvent or carrier. It 62s5may be that oral formulations
can be devel oped. The

ABSTRACT

INHIBITION OF ALLOGRAFT AND CONCORDANT
XENOGRAFT REJECTION

Cyclosporin A, or another compound having cyclosporin
A~like activity, and cobra venom factor, or another
complement inhibitor, can be used in conjunction with
each other to promote allograft and concordant
xenograft survival and to rescue such grafts from

W 08 N oy LN

=
= o

rejection.
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7 concentration of complenent inhibitor in a 8 pharmaceutical
forfrul ation will again depend on the 9 wultimate intended dose, which will
bé under the control 10 of the clinician or physician. For guidance,
however, 11 a preparation of cobra venomfactor in PBS can be nade 12
at a concentration ranging fromO0.05 ng/m up to the 13 [|imt of
solubility, which will be dependent on its 14 purity. Conposi tions
having a concentration up to 15 5 ng/m may be useful in practice, for
exanple those 16 having a concentration of fromO0.1 to 2 ng/m, for 17
exanple about 0.5 nmg/m . 18 19 Because cyclosporin Ais essentially not
soluble in 20 aqueous nedia, whereas cobra venomfactor is, these two 21
preferred active ingredients wll generally be 22 fornulated
separately and adm ni stered separately in practice. This is not in
principle essential, however, 24 as it dﬁizi 055|ble to formul ate an
appropriate 25 enuls%&£+?f the two active ingredients, and different

RS SaraebL DD SITELI LI TETEEE L
_ 80- . IL 4:Cy A+ CoF ALTERNATE DAYS
< ~———2:CYCLOSPORIN A 20 mg/ kg
> 604 44 ALTERNATE DAYS
- 3 ] T J—3:CoF AT 0.4 mg/kg
. 2 40 | ALTERNATE DAYS
i 20- _i/—_,-\LCONTROLs
0 'l -] T d T v =1
0 5 10 15 20
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S
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allografts and rejection of concordant xenografts.

survival,

two subsets

discordant xenografts.
subsets 1is that a vascularised organ graft
hyperacutely,

species,
take place.

for this is lacking,

species.

NHIBITION OF ALLOGRAFT AND CONCORDANT
XENOGRAFT REJECTION

two members of the same species.

(Calne,

).

that is to say

hours of revascularisation.

Grafts will,

often in an accelerated manner,

are many examples

or prevention of graft loss,

Transplant.

however,

in the

This invention relates to pharmaceutical formulations
in the treatment of chronic rejection of

The

invention therefore relates to the promotion of graft

in a host.

Allografting is the transplantation of tissue between

Xenografting, which

is the transplantation of tissues between two different
species, has been divided by biological criteria into

Proc. II 550-556

The two subsets are concordant xenografts gnd
The distinction between these

transplanted between discordant species is rejected

within a few minutes or
Between concordant

hyperacute rejection of xenografts does not

be rejected, and

but this will occur

over several days and not within hours or minutes.

It is a generally held belief, although formal evidence
that between discordant species
hyperacute rejection is a result of the action of
naturally occurrlng antlbodles agalnst the donor
Concordant grafts on the other hand survive
at least for a short while because no such antibodies
capable of causing their destruction are present.

literature to
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,13. 1 appropriate in some circumstances and subcutaneous 2
~injection my have sone if not all of the advantages of 3 intranuscular

i.nj ection. Intraperitoneal injection. 4 could be used if circunstances
di ctate. 6 7 8 9 10 11 12 13 142 ’
1 demonstrate this difference. Perhaps the most elegant
2 are those of Hammer (in "Xenograft 25"  (Mark A. Hardy,
3 Ed) Elsevier, Amsterdam (1989)). Using always the dog
4 as the recipient species, Hammer indicates the survival
5 times of kidney grafts to be as follows: '
6
7 Dog-bog 11.4 days
8 Dingo-dog 11.5. days
9 Wolf-dog 19.4 days
10 Fox-dog 6.5 days
11 Lion-dog 10-24 hours
12 Tiger-dog . 10-24 hours
13 Cat-dog 10-24 hours
14 Pig-dog 10-30 minutes
15
16 The 1last four interactions would on this basis be
17. discordant xenografts, whereas the first four
18 xenografts would be concordant. Hammer has equated
19 these differences between.discordant and concordant
20 xenografts to the presence or absehce, respectively, of
21 cross-species haemagglutinating antibodies.
22 '
23 At an academic 1level, there are some isolated
24 difficulties with what is essentially a working
25 definition of concordant and discordant species
26 relationships. As a practical matter, however, for the
27 purposes of the present invention, two different
28 species are taken to be related in a concordant fashion
29 if there is no hyperacute rejection of a xenograft from
30 one to the other. For the purposes of the present
31 invention, therefore, species are concordantly related
32 if, even though they would normally give rise to
33 hyperacute rejection, they have nevertheless been
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15 16 17

18

19 ‘It may be preferable in many circunstances to

pre-adm ni ster sonme or all of the active ingredients 21 wuseful in this

i.nyention before graft surgery takes 22 place. It should also be

noted that a primary 23 advantage of the present invention as it relat
to 24 allografts is that the conbinatjon of active 25

I ngredients useful in the present invention would be 26 wuseful for
preventing chronic rejection or managing 27 chronic rejection (ie
rescui ng framr euwsjeckedfttar a28praceduamset ; forhi examplel ygenatpens

20

es

eom o & o SCBEHELON oo 20,05, et ipheRLb e audlon, o
my 33 welPB beﬁﬂﬁﬂﬁﬂﬂ?&Pm Rkt e SARHiGAE PRy & 9%/°h575 for
4 example relates in specific embodiments to potential
5 xenograft donor animals which have been transgenically
6 modified to express recipiént complement down
7 regulators (such as decay accelerating factor (DAF) or
8 membrane cofactor protein (MCP)). Organs from the
9 donor animals are not hyperacutely rejected "when
100 grafted onto an animal of what would normally be .
11 regarded as a discorddntly related species. For the
12 purposes of this invention, therefore, such transgenic
13 donor animals may be regarded as concordantly related
14 to their intended target species.
15 |
16 Examples of species hav1ng a concordant relationship,
17 as defined above, include hare-rabblt hamster-rat and
18 non-human primate-human, including, for example,
19 . baboon-human, chimpanzee-human and macague-human.
20
21 The promotion of graft survival has received attention
22 both in the field of xenografts (discordant and
23 concordant) and allografts. Taking first suggestions
24 that have been made for the promotion of discordant
25 xenograft survival, Adachi et al (Transplant. Proc. XIX
26 (1) 1149-1152 (1987)) have studied the survival of
27 discordant cardiac xenografts in rats. Among the
28 potential survival promoters studied were cyclosporin
29 A, aspirin and cobra venom factor. Additionally, the
30 combination of cyclosporin A and cobra venom factor was |
31 studied. Adachi et al report that "in our study, there
32 was no-statistically significant difference in mean
33

survival time between the group treated with
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14 or anot her inmunosuppressant having cycl osporin A-1ike

actjvity. For the purposes of this invention, in order to treat or
iprevent chronic graft rejection in such patients it is necessary only
to add conmplenment 5 inhibitor therapy. According to oné aspect of

t he I nvention, there is provided the wse of a conpl enent

inhibitor in the preparation. of an agent for pronoting

1~ cyclosporin A and cobra venom factor and the group
2 treated with cobra venom factor alone". Mean survival
3 times were between 40 and 50 hours. Kemp et al
4 '(Transplant. Proc. XIX (6) 4471-4474 (1987)) also
5 studied various potential discordant xenograft survival
6 promoters in a study of rabbit kidney xenografts into
7 cats. Candidate survival promoters included captopril,
8 enalapril, nifedipine, prostacyclin, sodium
9 chromoglycate, an azathioprine/corticostefoid
10 combination, cyclosporin A and cobra venom factor.
11 Hyperacute rejection was not prevented by any of these
12 candidate drugs except for cobra venom factor which,
13 the authors state, "had a striking effect, with
14 prolongations in graft survival up to seven days".
15 : '
16 Concordant xenograft rejection has been studied by
17 Hardy et al (Transplantation 33 (3) 237-242 (1982)),
18 © who examined the effect of selective 1lymphoid
19 irradiation (SLI) with pal1adium-i09-haematoporphyrin
20 combined with antilymphocyte globulin, a therapy which
21 is primarily directed against T-cell-mediated
22 . rejection. Mean survival times were in the order of
23 12.5 days, compared with untreated controls which
24 survived for 2.9 days ‘on average. Homan et al.
25 (Transplantation 31 (3) 164-166 (1981)) studied the
26 effect of cyclosporin A in the promotion of concordant
27 xenograft survival. The best graft survival was for a
28 medium of 21 days, compared to 2 days for untreated
29 controls. Monden et al (Transplantation 43 (5) 745-746
30 (1987)) studied hamster-to-rat liver xenografts and
31 found .that cyclosporin A had no significant graft
32 survival promoting effect when compared to untreated
33 controls;n Valdevere et al (Transplant. Proc. XIX (1)
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al l ograft or concordant xenograft survival, or rescue of such a graft

fromrejection, in a graft recipient 10 being treated wth an

. i munosuppressant with cyclosporin A-like activity. The invention
therefore has application in a nmethod of pronoting allograft or

concordant xenograft survival and/or of rescuing such a. graft from

rejection, in a host, the nethod conprising 15 -admnistering to a graft

reci pient or an intended graft reci pient, being treated with an

| Mmunosuppressant with cyclosporin A-like activity, a conpl enent

i nhi bitor., he. i n ressant wth cyclasporin A-like activity 20

will be adm ni g%%gaﬁléﬂhgaﬁﬁﬁeab?@seff%em dp RERGRET - COTRAT o JikRd ,

havi ng redard tendodreatpecand ifeund tar edid f icarndinpeovegehddimgrars

transpl anted. robimt cycl osporin A tolerance .in hunans, is
det e ni ned by %%wgfn‘é%ﬁrglbt 8)9(’:;%, AP tch%ra‘g%l%f ‘f’hgnr SESHosReT 1
ng/ kg 25 <per way rdmbpisteafexd upjger doamjanéaichr eatitly ephesectonmy;

= survival was improved from an average of 3.6 days to an

6 average of 17.6 days. Knechtle et al (Transplant.

7  Proc. XIX (1) 1137-1139 (1987)), like the Hardy et al

3 group referred to above, studied the effect of total

9 lymphoid irradiation (TLI), but this time in
10 conjqnction with cycliosporin A therapy, on the
11 prohotion 'of concordant xenograft survival. They
12 report that, in hamster~-to-rat cardiac xenografts,
12 cvclosporin ‘A in high doses significantly prolonged
lq survival, but only an occasional recipient had
15 long-term graft function. TLI in combination with
16 cyclosporin A significantly further promoted graft
17 survival.

19 - Conventional therapy against allograft rejection is to
20 use cyclosporin A either on its own or in combination
21 with steroids or azathioprin or both. In the opinion
22 of some, the combination of triple therapies does not
23 represent an improvement over therapy using cyclosporin
24 A alone. These therapies are effective "in the
25 prevention and reversal of acute graft rejection, and
probably retard the onset of chronic graft rejection,
but appear to have little or not effect on the reversal
23 of chronic rejection after onset.

29

30 Knechtle et al (Heart Transplantation & Immunology Iv
22 No 5: 541-545 (Sept/Oct 1985)) have analysed the effect
32 in rats.of"cyclosporine, total lymphoid irradiation and

e cobra venom factor on hyperacute rejection. It was
This.is the replacement sheet.
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I n many cases, although other species may well have
Cyclosporin Ais effective at |ow doses, and so the | owest anount that
: sinply . be the | owest anount that 30 gives an

effective response. Amounts of 1 or 2 ng/Kkg per day have in sonme cases
found to be effective. As a general .guyde, between 5 and 10 ny/ kg per

~may be

day can be

adm ni stered w ||

hi gher tol erances.

admi ni st er ed. If adminiStered parenterally,

concluded that the addition of total lymphoid irradiation
or cyclosporine to treatment with cobra venom factor did

not result in longer survival than cobra venom factor

alone.

The present invention seeks to promote the better

‘survival of, or to rescue from rejection, concordant

xenografts and/or allografts. The invention is based on
the realisation that concordant xenograft survival,

Thig 18 the replacement sheet
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1 cyclosporin A may be given on alternate days, in which 2 case the dose

“woul d be doubl ed. For the preferred, 3 oral route, however, daily dosage

will be the regimen 4 of choice; nore particularly cyclosporin A may be 5
adm nistered twice or nore frequently per day to give a 6 total daily dose
in the order of 5 to 10 ng/kg, for 7 prefdcence. O her imunosuppressants
with cyclosporin 8 A-like activity will be adm nistered at effective but 9
non-toxic doses, as will be determined by the clinician 10 or physician.

11 12 The zsorrpaaﬁentlsmmblqmrafsushrxsvadbr arerien harkedlyl Bnlvinceds a
gui di ng prifci Phy ke cHtHdNE! QLEH @Jhﬂﬂnaewunbmwlségasew@l Yand

I nhi bits conplenent activity, 15 as determ ned € COo enent

haerol ysi s[®rr] SOPER[ f§79™ 1 §a°§§§éy oryhy sgpab &ﬁﬁ&ﬁqQ§n 1 SongRunds

adm ni strat4on Raving sdhidavemodesaoifoadtdomot been determ ned, but doses
18 of 2 ngékg do not appear to be toxic.  The mninmm °

6 According to a first aspect of the present invention,

7 there 1is provided a pharmaceutical formulation
8 comprising a complement inhibitor and an
9  immunosuppressant with cyclosporin A-like activity.

10 '

11 Pharmaceutical formulations in accordance with the
12 invention therefore have two components, at least. A
13 first component is a complement inhibitor. The
14 complement inhibitor may either'prevent the activation
15 of compleméht or remobe or deplete it, or one or more
16 of its componedts. Preferably, the complement
17 inhibitor will inhibit both the classical and
18 alternative pathways of complement activation. It is
19 therefore preferred that the complement inhibitor acts
20 to block the pathway at C3, whether by inhibition or
21 removal or depletion. It will be appreciated,
22 therefore, that antibodies (for example monoclonal
23 antibodies) against C3 may be used as the complement
24 inhibitor in the present invention. Other useful
25 complement inhibitors include soluble decay activating
26 factor (DAF) and soluble membrane cofactor protein
27 (MCP). One of the most preferred complement inhibitors
28 is cobra venom' factor.
29
30 Snake venoms are among the most complex of animal
31 secretions, containing a vast number of substances with
32 different pharmacological and biochemical activities.
33 The presence in venoms of principles affecting

This Sheet Has. Been Replaced _ Trin '3 i repaoemend sheet .
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19 dosage of cobra venom factor is species dependent and 20 can readily
be determned by the CHerr] assay. Daily 21 doses of between 0.01 and
0.1 or 0.2 ng/ kg have been 22 found to be effective for cobra venom
factor. 23 Effective and non-toxic dosages of other conpl enent 24

i nhibitors can also readily be determ ned &y those 25 skilled in the arft,
for exanple, using the CH50 assay. 26 27 Cobra venom factor takes about 6
hours for its initical 28 activity to take effect after intranuscular

29" adm ni 9t r alddiplekdie hhe ivddrd atnéwhi fbky dimdyses vedntddy.i t $RA | ast
(or, e en L delen TSk EETBGCR U SngleoBlS, Ihadal e RAbSERR) T
to 33 adnini stoer sebum conpiemeritorhas beear st iksysin isome detail.
The active factor is a glycoprotein with a molecular
weight of 144kDa, which combines with serum factor B in
the presence of magnesium ions. Factor B is then split
into two components by the proteolytic action of serum
factor D, creating Bb and Ba. The complex CoF-Bb,

O 0 3 o8 O

where COF represent cobra venom factor, is a highly
10 active C3- and CS5-splitting enzyme or convertase.
11 However, unlike normal C3- and cs-éonvertases, the
12 CoF-Bb is resistant to the normal complement regulatory
13 systems. Therefore, its action will continue, until
14 all C3 has been converted, thus effectively depleting
15 the individual of complement activity. Splitting of C5
16 releases C5a, which has anaphylactoid action; not all
17 Naja cobra venom factors possess this CS5 convertase
18 activity, but this is not believed to be important for
19 the purposes of the present invention. Inhibition of
20 complement is not restricted to venoms of the Naja
21 genus. Eggertsen et al (Toxicon 18 87-96 (1980)) have
22 .studied venoms from snakes of the families Elapidae
23 Viperidae and Crotalidae. Of 26 venoms studied, 22
24 have the ability to inhibit the activity of normal
25 human complement. Analysis of the structure of cobra
26 venom factor suggests that it is the equivalent of
27 cobra €3 or a partially degraded product of it.

28

29 Cobra venom factor, and other snake venom factors, will
30 generally not be administered in ' the present invention
31 in their native form, because of the obvious problems
32 of toxicity. In the absence of other measures to
33 combat the toxicity problem, therefore, it will
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;16 : 1 which case the preferred daily dosages given above will

2 be doubled on the day of adm nistration. |In practice, 3 it has
~beén found that a particularly suitable dosage 4 reginen is to
adm nister 0.4 ng/kg intranuscularly on 5 alternate days.

6 7 Cyclosporin A or other i mun8suppressant adm nistration

8 wll usually be continuous. Cobr a venon1factor or 9 ot her
conpl ement i nhibitor adm nistration wll eneraII not be

conti nuous ! bugSREF ke JIRRRESARIAL least P%HF1§ ﬁ%ypﬂﬁ%fYnthe
practice be essRitive, B&HcEHPrtf¥S®hMthe crudd2 véhenapy may besal hothat
I s needed for t he treatnEP

necessary tor cobra or other snake venom factor to be
purified to homogeneity for use in the present
invention, but clearly requlatory problems if nothing
else would tend to prescribe the use of a substantially
purified factor. Cobra venom factor, as a

semi-purified preparation, can be obtained from

W 0 J o b

chemical suppliers such as Sigma (Sigma Chemicals
10 Limited, Poole, Dorset), who also supply crude cobra
11 venom for in-house purification. An example of a
12 preparatiﬁe process for cobra venom factor from crude
13 cobra venom is given in the examples.

14 | |

15 It will be éppreciated that, in addition to the use of
16 natural cobra venom factor and other snake venom
17 factors, analogues of such factors (including active
18 fragments) éan be used in this invention, as can
19 synthetic factors including those produced by
20 recombinant DNA technology. The characteristic of CoF
21  that makes it suitable for use in the present invention
22 is its ability to form a stable complex with factor Bb
23 which is resistant to the normal breakdown mechanism.
24 Other molecules having this characteristic are
25 therefore also preferred for use in the invention.

26

27 A second component of pharmaceutical formulations in
28 accordance with this invention is an immunosuppressant
29 with cyclosporin A-like activity. Such compounds will
30 be well known to those skilled in the art and include
31 cyclosporins other than cyclosporin A, such as
32 cyclosporin C and cyclosporin G. Eicosanoids also have
33 cyclosporin A-like activity and include PGI,

is is tha replacement sheet
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13 for, or rescue from rejection of , concordant 14

. xenografts 15 16 17 18 19

-20 The invention will now be illustrated by reference to 21 the
foll owi ng preparati on and exanples. The exanpl es 22 refer 'to
t he acconpanyi ng drawi ngs, in which: 10 23 24 FIGURE 1 is a
graph of hanster heart xenograft survival— 25 in rats mﬁth

per cent age suryi val belng lotted agai nst
transpl ant; antProstacyclin Ey, oGOy, GJF@E’an‘Béchngr éﬂﬁl ofFlﬁam'i’Pér
heart xenograf(Fsjisawal. Compourd® FKn sne| D9hemehasf dehbkeatwht atis; the

gr aph Othermﬁﬁgreferred f§9 uggrigsgﬁgdSrégen£gfﬁ&entlon, but the most
preferred is cyclosporin A itself. Cyclosporin A is
5 available from Sandoz under the trademark SANDIMUN.

A particularly preferred embodiment of the present
invention uses a pharmaceutical formulation which
comprises cobra venom factor and cyclosporin A, two of
10 the most preferred individual compounds discussed above.

It will be appreciated that other ingredients may be
preseht in pharmaceutical formulations for wuse in
accordance with the ‘invention. Excipients will usually

15 be present, and the presence of other active ingredients
is not excluded. More than one active ingredient of each
category may be present.

It will be appreciated that the active ingredients do not

20 necessarily have to be co-administered in a single
~ formulation. A product containing a complement inhibitor
‘and an immunosuppressant with cyclosporin A-like activity

can be used as a combined preparation for simultaneous,
separate .or sequential use in promoting allograft or

25 concordant xenograft survival or rescue from rejection.

A kit comprising a pharmaceutical preparation of a
complement inhibitor and a pharmaceutical preparation

Trig i3 tha repiaoement sheet
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Y39 ' 17 1 Preparation 2 3 This

preparation gives a protocol for preparing cobra .4 venomfactor from
crude cobra venom 5 6 1g of venom of Naja naja kaouthia (Sigm,

Product No.

L

11

P )

of an immunosuppressant with cyclosporin A-like activity

N

may be used.

[¥%)

Cyclosporin A and other immunosuppressants with

F oS

cyclosporin A-like activity will usually be
administered parenterally in the practice of the
present invention.  In such cases, the preparation
containing the immunosuppressant will be sterile.

W 8 J ov w

However, cyclosporin A itself, and some other
10 immunosuppressants, may be administered orally, in
11 which case sterility is not essential. Cyclosporin A
12 itself is only sparsely soluble in water and for
13 practical purposes it is preferred to dissolve it in an
14 oil, such as a vegetable oil. Olive oil has been found
15 to be acceptable in practice. Dissolution in oil is
16 only necessary when dealing with an immunosuppressant
17 which is not soluble in water, and in general terms,
18 the immunosuppressant- may be dissolved in ahy
19 = appropriate physiologically acceptable carrier. In
20 some:cases, dissolution may not even be neéessary. The
21 concentration at which the immunosuppressant is
22 prepared will of course depend on the nature of the
23  immunosuppressant itself and the intended dose, which .
24 will generally be under the guidance of the clinician
25 or physician. As 2 general guide, however, it has been
26 found appropriate to prepare formulations of the
27 cyclosporin at a concentration of from 1 to 100 mg/ml,
28 for. example from 1 to 10 mg/ml, typically about 5 mg/ml
29 for parenteral purposes or-zs to 100 mg/ml, for example

20 from 50 to 100 mg/ml, typically about 100 mg/ml for
kb oral administration. '
12 '
]
22

This is tha raplacement shewt.
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T 7- V-9125, Lots Nos. 116F-0398 and 58F-0565) was dissolved 8 in 60 nml of
degassed sodi um phosphate buffer (0.01M at 9 - pH 7.5 and punped onto a
90cm x 26mm (internal 10 dianeter) columm of DEAE cellul ose (DE52,
VWhat man) and 11 equilibrated with the sane buffer. The colum was then
12 eluted at 43.0 ml per hour with the stiarting buffer 13 until the A280
absorbence of the effluent returned to 17 0. Alinear 3 litre:3 litre
gradient of starting 15 buffer and limt buffer (0.01M sodi um phosphat e,
pH 16 7.5, cEamplement) Smribitonschuchi ée) astsrd heenpmmfadtolr’ widl at
40.0 m peg ho [ I id

pes ?‘Ené'i‘iﬂlyo B &i@eh Midraity &84 ¥WPlenis BAHILNS

were tested ant i - enmentarity, t he posi ,
were pool edl 2U1 &ndfed’(%'(?e]rﬁkf a\?%dsﬁﬂr@(el-o @akrs iverem. faQEOrZZ-tSEhE whol e

of the cobga vaagnpbagbehuRaekdas ausaﬁaat@bu%&ea 2_aTne 26 ehout

(internal dianmeter,) . colum of 24 " Se dex (fine) (Pharmacia GB
Limted, L ndoﬂ?ldeQS oL ARY i BFBeEd S\M’thr?tﬁbe\s PALVERLJOF FREELeFed it h PBS
at 6 may be that oral formulations can be developed. The

7 concentration of complement inhibitor in a

8 pharmaceutical formulation will again depend on the
-9 ultimate intended dosé, which will be under the control
10 of the clinician or physician. For guidance, however,
11 a- preparation of cobra venom factor in PBS can be made
©12 at a concentration ranging from 0.05 mg/ml up to the
13 limit of solubility, which will be dependent on its
14 purity. Compositions having a concentration up to
15 5 mg/ml may be useful in practice, for example those
16 having a concentration of from 0.1 to 2 mg/ml, for
17 example about 0.5 mg/ml.

18 |

19 Because cyclosporin A is essentially not soluble in
20 aqueous media, whereas cobra venom factor is, these two
21 preferred active ingrédients will generally be
22 formulated separately and administered separately in
23 practice. This is not in principle essential, however,
24 as it may be possible to formulate an appropriate
25 emulsion of the two active ingredients, and different
26 combinations of active ingredients may be soluble in a
27 .common solvent or at least suspendable in a common
28 carrier. |

29 .

30 Reference has been made above to parenteral injection.
31 The preferred site of injection is muscle, because of
32 the depot effect resulting from an intramuscular
33 injection. Intravenous injection, however, may be"

This is tha replacement sheet
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26 36 nm per hour. 6 mM fractions were collected and 27 assayed for
anti -conplenentarity activity. The cobra 28 venomfactor fractions (ie
“t he active fractions) were 29 pooled, especially on the descending |inb
of the peak, 30 concentrated on CX-10 ultrafilters, partitioned into 31
aliquots and stored frozen at -20[err]C ready for use. 32 33

13

H

appropriate in some circumstances and subcutaneous
injection may have some if not all of the advantages of

v oN e

intramuscular injection. Intraperitoneal injeczicn

could be used if circumstances dictate.

o w»n Jd.

~)

10
11
12
13

A
|

15

16

17

18

19 It may be preferable in many circumstances <tc¢
. 20 ' pre-administer some or all of the active ingredients

21 useful in this invention before graft surgery <takes
22 place. It shoﬁld also be noted that a primary
23 advantage of the present invention as it relates =t

N allografts is that the combination of active
25 ingredients useful in the present invention would be

26 useful for preventing chronic rejection or managing
27 chronic rejection (ie rescuing from rejection) after

23 its onset; this wusually happens many Vvears
29 ~ post-transplant.
3o

21 Allograft recipients suffering from chronic grai:

rejeczion, or at risk from chronic grarit rejecticn, =ay

(W]
N

well re receiving immunosuppression with cyclospor:in -~

3
tJ

This is ihe replacement sheet

ome: 0 Jl WK



1 The anti-conplenentary activity of cobra venomfactor 2 referred to
above can be neasured by the followng 3 nethod. 20 [err] fractions were
incubated with 20 [err] of 4 fresh human serumfor 20 mnutes at
37[err]C. 5 [err] ampunts 5 were then agded to wells in"a test plate,
made from 6 7 5.0 M 2% aqueous . agarose; 8 4.5 m double
strength PBS i ncl udi ng 20nM EDTA; 9 : 5 m 10% washed guinea pig

eryt hrocyt d Jﬁﬁ% gmga 2

pl ate was henap ﬁ%’g’ﬁgfﬁd 13&@&93# err‘L gyég F\%és:harlel%

by cl ear z®dnesagFivitys anz;rtm purpessst PEnthis ipvemtd@m.e in ( C&ﬁﬁmrl son
Exanpl e) 13 18tol Rridits 6xameveritiechibhidl e;ﬂ&fat:%gterccﬁn&anihn%@m

4 patients it is necessary only to add complement
inhibitor therapy. According to a fifth aspect of the
invention, there is provided the use of a complement
inhibitor in the preparation of an agent for promoting
allograft or concordant xenograft survival, or rescue

W 0 g 60

of such a graft from rejection, in a graft recipient
10 being treated with an immunosuppressant with
11 cyclosporin A-like activity. The invention therefore
12 has application in a method of promoting éllograft or
i3 concordant xenograft survival and/or of rescuing such a
14 graft from rejection, in a host, the method comprising
15 administering to a graft recipient or an intended graft
16 recipient, being treated with an immunosuppressant with
17 cyclosporin A-like activity, a complement inhibitor.
18 ' |
19 The immunosuppressant with cyclosporin A-like activity
20 will be administered at any suitable effective but non-
21- toxic level, having regard to the species being treated
22 and the organ being trahsplanted. The upper limit of
23 ‘cyclosporin A tolerance’ in humans is determined by its
24 nephrotoxicity and the age of the recipient. 20 mg/kg
25 per day may be a safe upper limit for treating humans
26 in many cases, although other species may well have
27 higher tolerances. Cyclosporin A is effective at low
28 doses, and so the lowest amount that may be
29 administered will simply be the lowest amount that
30 gives an effective response. Amounts of 1 or 2 mg/kg
31 per day have in some cases found to be effective. As a
32 general guide, between 5 and 10 mg/kg per day can be

33 administered. If administered parenterally,
This Shietliliiliaﬁelixlllzleﬂliwd This is the replacement sheet.
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19 Kingdom and the hansters are Syrian hansters, also 20 from Banti ng
and Ki ngdom Fol l owi ng the method of 21 Heron (Acta Pathol. M crobiol.
Scand. 79 366-372 22 (1971)), hanster hearts were grafted into the necks
of 23 the rats. The aorta was joined to the carotid artéry 24 using the
cuff technique described by Heron. 25s5Simlarly, the pulnonary artery
was joined to the 26 jugular vein. Al ©ofther cardiac vessels were
| igated. 27 Heart's began beating with a few m nutes of renoval of 28
clanps. Skin mlbbperﬁhoaedxaqvae tdiezemmraramlefmﬁ daPs, WHinC vhiash

o o od 211 4B ST dakoPURAN Uy dRutl ad 2 ol Ahie SHEYcLRle 2 o
t he medi an3 33 oxalvirvalteathwwdvehe dailysdosage deykl be the regimen

4 of choice; more particularly cyclosporin A may be
administered twice or more frequently per day to give a
total daily dose in the order of 5 to 10 nmg/kg, for
preference. Other immunosuppressants with cyclosporin
A-like activity will be administered at effective'but

O 0 N o0

non-toxic doses, as will be determined by the clinician
10 or physician.
11 .
12 The complement inhibitor, such as cobra venom factor,
13 will as a guiding principle be administered in an
14 amount which effectively inhibits cohplement activity,
.15 as determinéd by the cbmplemeht haemolysisgg, (CHgg)
16 assay. The safe upper limit for the administration of
17 cobra venom factor has not been determined, but doses
18 of 2 mg/kg do not appear to be toxic. The nminimum
19 dosage of cobra venom factor is species dependent and
Zb can readily be determined by the CHggy assay. Daily
21. doses of between 0.01 and 0.1 or 0.2 mg/kg have been
22 found to be effective for cobra venom factor.
23 Effective and non-toxic dosages of other complement
24 inhibitors can also readily be determined by those
25 skilled in the art, for example, using the CHg, assay.

26
27 Cobra venom factor takes about 6 hours for its initial
28 activity to take effect after intramuscular
29 administration. Once the initial activity is observed,
30 it can last for more than 1 day, for example 2 days,
31 and so daily administration of cobra venom factor may
32 not be necessary. In fact, it is preferred to
33 administer cobra venom factor on alternate days, in

This is the rep(auefnent sheet.
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19 1 Exanple 2 (Conparison Exanple) 2 3 The procedure of Exanple 1
was repeated, except that 4 cyclosporin A was adm nistered at a dosage of
20 ng/ kg 5 per alternate day. The cyclosporin A was administered 6 as

a 20 ng/mM preparation in olive oil and injected 7 intranuscularly, wth
the first dose being given at the 8 tilfe of transplantation. I nj ections
were given on 9 alternate days thereafter. Graft survival data are 10
~again shown in Figure 1: line 2 _gives the results from 11 this exanple.
The medi an gMINCR 3% 2E0? BPECF€rEed | daidy, dlosages given above will
2 be doubled on the day of administration. In practice,

3 it has been found that a particularly suitable dosage
= regimen is to administer 0.4 mg/kg intramuscularly on

n

alternate days.

~}

Cyclosporin A or other immunosuppressant administration
will usually be continuous. Cobra venom facter or
_ other complement inhibitor administration will
10 generally not be ccntinucus, but may be prolonged; even
11 this may not in practice be essential, as short tern
12 therapy may be all that is needed for the treatment
1z for, or rescue £from rejection of, concordantz

14 xenografts.

20 The invention wWill now be illustrated by reference to
pk the following preparation and examples. The examples
22 refer ‘to the accompanving drawings, in which:

241 FIGURE 1 is a grapn of hamster heart xenograft survival
25 in rats. with percentage survival being plotted against
26 days post transplant; and

28 FIGURE 2 is a graph of hamster heart xenograft survival

29 in cyclophosphamide treated rats; the graph otherwise

30 corresponds to Figure 1.
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13 14 Exanple 3 (Cbnparison Exanpl e)

was repeated,
dodage of 0.4

18 ny/ kg per alternate day. The cobra venom factor was

adm nistered as a 0.5 ng/m solution in azide-free PBS. 20 The first
‘injection was made intranmuscularly at thel721 tinme of transplantation,
subsequent intranmuscular 22 injections were nade on alternate days
thereafter. The 23 graft rejection data are again presented in Figure

24  The reskl t

on line 3, which indicates that 25 the nedi an

~survival rge for the grafts is 6 days. 26 27 Exanple 4 28 29 The
procedure o was repeated, exce 3 bot h cl ospo
Dhd CConra? vertits { REPBREARIRE S vesi PLOEPEAL %%@rrem Fag; Bobra

Cycl ospori i A wenom factor from crude cobra venom.

5

O 0 ~J O

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

1g of venom of Naja naja kaouthia (Sigma, Product No.
V-9125, Lots Nos. 116F-0398 and 58F-0565) was dissolved
in 60 ml of degassed sodium phosphate buffer (0.01M) at
PH 7.5 and pumped onto a 90cm x 26mm (intérnal
diameter) column of DEAE cellulose (DE52, Whatman) and
eguilibrated with the same buffer. The column was then
eluted at 43.0 ml per hour with the starting buffer
until the A,g, absorbence of the effluent. returned to
0. A linear 3 1litre:3 litre gradient of starting
buffer and limit buffer (0.01M sodium phosphate, pH
7.5, containing 0.5M sodium chloride) was then pumped
on at 40.0 ml per hour and 7.0 ml fractions were
collected. Fractions were tested for anti-
complementarity, and the positive fractions were pooled
and concentrated on CX-10 ulfrafiltersi

~The whole of the cobra venom factor pool was pumped

onto a 90cm x 26mm (internal diameter) column of
Sephadex Gzool(fine) (Pharmacia GB Limited, London),
equilibrated with PBS (no azide) and eluted with PBS at
36 ml per hour. 6 ml fractions were collected and
assayed for anti-complementarity activity.' The cobra
venom factor fractions (ie the active fractions) were
pooled, especially on the descending limb of the peak,
concentrated on CX-10 ultrafilters, partitioned into

~aliquots and stored frozen at -20°C ready for use.

This
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15 16 The procedure of Exanple 1
except that 17 cobra venom fact'or was adninistered at a
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32 admnistered at a dose of 20 ng/ kg on alternate days, 33 so that the
conditions for cyclosporin adm nistration
20 1 were the sanme as in Exanple 2. The cobra venomfactor 2 was
adm ni stered under ‘the sane conditions as described 3 i'n Exanpl e 3.
Both the cyclosporin A and the cobra 4 i&nomfactor were first
admnistered at the tine of 5 transplantation. Gaft survival data are
again showmn 6 in the figure. In this exanple, no graft rejection is

1 The anti-complementary activity of cobra venom factor
2 referred to above can be measured by the following
3 method. 20 ul fractions were incubated with 20 ul 6f
4 fresh human serum for 20 minutes at 37°%. 5 41l amounts
5 were then added to wells in a test plate, made from:
6
7 S;O ml 2% agueous agarose; _
8 4.5 ml double strength PBS including 20mM EDTA;
9 0.5 ml 10% washed guinea piq'erYthrocytes;'and-
10 0.5 ml fresh normal humén serum.
11
12 The plate was then incubated overnight at +4°c.
13 Positives are shown by clear zones of lySis after
14 incubation. '
15
16 Example 1 (Comparison Example)
17
18 In this example, the rats are DA rats from Banting and
19 Kingdom, and the hamsters are Syrian hamsters, also
20 from Banting and Kingdom. Following the method of
21. Heron (Acta Pathol. Microbiol. Scand. 79 366-372
22 (1971)), hamster hearts were grafted into the necks of
23 the rats. The aorta was joined to the carotid artery
24 using the cuff technique described by Heron.
25 Similarly, the pulmonary artery was joined to the
26 jugular vein. All other cardiac vessels were ligated.
27 Hearts began beating with a few minutes of removal of
28 clamps. Skin was then closed over the implanted heart,
29 which was monitored daily by external palpation.
30 _ '
31 Heart graft survival data are shown in Figure 1 and are
32 represented by line 1. It can be seen that the median
33 survival rate of the grafts was 3 days.
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" 7 observed, a
nmedi an graft s
- The procedure

s can be seen fromline 4 of Figure 1. At 8 present,

urvival is in excess of 50 days. 9 10 Exanple 5 11 12

of Exanple 4 was repeated, except that 13 cobra venom

factor administration was discontinued  14_ after 28 days post transplant.

Medi an graft s
sacrificed 16
graft showed n
survi ved witt h
21 Exanple 6
by the prohoco
cyclosporin A
4

O 0 N o0 Wm

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

urvival 15 was greater_th%%—ioo days. Two aninmals were
at 103 and 105 days and -hi stol ogi cal exam nation of the

ormal cardiac architecture. ~Aremining 18 rat has

RATION (E¥aWPIhr e 19 than 5 nonths so far.

17
20

(Conparison Exanple) 22 23 20 rats were given hanster hearts
24 described _in Exanple 1. The re treated wih 25
THS TR RIS 1 HRg mppedcel, C i uint

cyclosporin A was administered at a dosage of. 20 mg/kg
per alternate day. The cyclosporin A was administered
as a 20 mg/ml preparation in olive oil and injected
intramuscularly, with the first dose being given at the
time of transplantation. Injections were given on
alternate days thereafter. Graft survival data are
again shown in Figure 1: line 2 gives the results from
this example. The median graft survival rate is 3
days.

-Egamgle 3 (Comparison Example)

The procedure df Example 1 was repeated, except that
cobra venom factor was administered at a dosage of 0.4
mg/kg per alternate day. The cobra venom factor was
administered as a 0.5 mg/ml solution in azide-free PBS.
The first injection was made intramuscularly at the
time of transplantation, and-subséqueﬁt intramuscular

‘injections were made on alternate days thereafter. The

graft rejection data are again presented in Figure 1.
The results are shown on line 3, which indicates that
the median survival rate for the grafts is 6 days.

Example 4

The procedure of Example 1 was repeated, except that
both cyclosporin A and cobra venom factor were
administered to the recipient. Cyclosporin A was
administered at a dose of 20 mg/kg on alternate days,
so that the conditions for cyclosporin administration

Tivs i3 the replacemaent sheet.
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26" addition t hey ver e gi ven ENDOXAN cycl ophospham de i.p. 27

(20 ng/ kg)
one. day pre-transplant (day-1) and on day 2 28 post-transplant. (The word
- ENDOXAN is a trade nmark for 29 cycl ophospham de, which is an inhibitor of
anti body 30 production.) The hanster hearts were rejected as shown 31 in

line 5 of Figure 2. The observed del ayed2pejection, 32 in which the

del ay was

1

O 0 39 68 v &= W N

WOoWw oW W NN NN NN NN NN R R S e e
W N O W 0O N O0OWL s WN MO WO N OGO W S WN B O

aresult of the short 33 cycl ophospham de therapy,
simul ates a del ayed xenograft

were the same as in Example 2. The cobra venom factor
was administered under the same conditions as described
in Example 3. Both the cyclosporin A and the cobra
venom factor were first administered at the time of
transplantation. Graft survival data are again shown
in the figure. In this example, no graft rejectidn is
observed, as can be seen from line 4 of Figure 1. At
present, median graft survival is in excess of 50 days.

Example 5

The procedure of Example 4 was repeated, except that
cobra venom factor administration was discontinued
after 28 days post transplant. Median graft survival
was greater than 100 déys. Two animals were sacrificed
at 103 and 105 days and histological examination of the
graft showed normal cardiac architecture. A remaining
rat has survived with a beating hamster heart for more
than 5 months so far. |

Example 6 (Comparison Example)

20 rats were given hamster hearts by the protocol
described in Example 1. They were treated with
cyclosporin A as described in Example 2, and in
addition they were given ENDOXAN cyclophosphamide i.p.
(20 mg/kg) one day pre-transplant (day-1) and on day 2
post-transplant. (The word ENDOXAN is a trade mark for
cyclophosphamide, which is an inhibitor of antibody
production.) The hamster hearts were rejected as shown
in line 5 of Figure 2. The observed delayed rejection,
in which the delay was a result of the short

- cyclophosphamide therapy, simulates a delayed xenograft

21
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1 rejection of the type that would result frominadequate 2

| mmunosuppressi ve protocols. 3 4 Exanple 7 5 6 Five rats were
treated as in Exanple 6, but 7 additionally were treated with cobra
venom factor as in 8 Exanple 4 fromday 7. Treatment with cobra venom
9 factor lasted for 14 days. Al animat$ were rescued 10 from
rejection, as can be seen fromline 6 of Figure 2. 11 12 13 14 15 16 17
18 19 ' : '
rejection of the type that would result from inadequate

immunosuppressive protocols.

Example 7

Five rats were treated as in Example 6, but
additionally were treated with cobra venom factor as in
Example 4 from day 7. Treatment with cobra venom
factor lasted for 14 days. All animals were rescued

O 0 3 60 U & W N

o
o

from rejection, as can be seen from line 6 of Figure 2.
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- CLAIMS

1. The wuse of a complement inhibitor and an
immunosuppressant with cyclosporin A-like activity in the

5 preparation of an agent or agents for promoting allograft
or concordant xenograft survival or —rescue from
rejection; wherein said allograft survival or rescue from
rejection is in respect of an allograft: which 'is not
"hyperacutely rejected.

10
2. The use of a complement inhibitor in the preparation
of an agent or agents for promoting allograft or
concordant'xenograft survival, or rescue from rejection,
in a  graft recipient being treated with an

15 immunosuppressant with c¢yclosporin A-like activity,
wherein said allograft survival or rescue from rejection
is in respect of an allograft which is not hyperacutely
rejected.

20 3. The use as claimed in claim 1 or claim 2, wherein
the complement inhibitor inhibits both the classical and
alternative pathways of complement activation.

4. The use as claimed in any preceding claim, wherein
25 - the complement inhibitor comprises MCP, DAF or an
antibody against C3.

5. The use as claimed in claim 1 or claim 2, wherein
the complement inhibitor comprises a molecule which forms

30 a stable complex with factor Bb, wherein the complex is
resistant to nocrmal breakdown mechanisms.

6. The use as claimed in any of claims 1 to 3, wherein
the complement inhibitor comprises cobra venom factor.

LTI
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22 ' CLAI M5 1. The wuse of a

conplenent inhibitor and an I munosuppressant with cyclosporin
A-like activity in the 5 preparation of an agent or agents for
pronoting all ograft or concordant xenograft survival or rescue
from rejection; wherein said allograft survival or rescue from
rejection is in respect of an allograft which is not - hyperacutely
rej ected. 10 : 23

7. The use as claimed in any preceding claim, wherein

the immunosuppressant with cyclosporin A-like act1v1ty is
a cyclosporln or an eicosanoid.

5 8. The use as claimed in claim 7, wherein the
immunosuppressant is cyclosporin A.

9. ,The use as claimed in claim 7, wherein the
immunosuppressant is FK 506.

10
10. The use according to any preceding claim, wherein
the complement inhibitor and the immunosuppressant with
cyclosporih A-like activity are for simultaneous,
separate or sequential administration.

15

11. The use according to any preceding claim, wherein
the complement inhibitor and the immunosuppressant with
cyclosporin A-like activity are provided in kit form.

HIIIIII Il IIIII lllll Il llll
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2." The use of a conplenent inhibitor in the preparation of an agent

or agents for pronoting allograft or concordant xenograft survival,
or rescue fromrejection, in a graft reci pi ent bei ng treated
W th an 15 | mmunosuppressant " with cyclosporin A-like activity,
wherein said allograft survival or rescue fromrejection s in
respect of an allograft which is not hyperggutely rej ected. 20
3. The use as clained in claim1 or clai wher ei n t he
conpl ement inhibitor inhibits both the cIaSS|caI and alternative
pat hways of conpl.e V t act Nﬁib 4. ..Th clalned I n any
precedi ng cl ai f ' T EN et T conprises MCP,
DAF or an antlbody agalnst C3.
1. A process for the preparation of a pharmaceutical
formulation comprising admixing a complement inhibitor
5 and an immunosuppressant with cyclosporin A-like
©activity. '
2. A process as claimed in claim 1, wherein the
complement inhibitor inhibits both the classical and
10 alternative pathways of complement activation.
3. A process as claiméd in claim 1 or 2, wherein the
complement inhibitor comprises MCP, DAF or an antibody
against C3.
15
4. A process as claimed in claim 1, wherein the
complement inhibitor comprises a molecule which forms a
stable complex with factor Bb, wherein the complex is
resistant to normal breakdown mechanisms.
20
. 5. A process as claimed in claim 1 or 2, wherein the
complement inhibitor comprises cobra venom factor.
6. A process as claimed in any one of claims 1 to 5,
25 wherein the immunosuppressant with cyclosporin A-like
activity is a éyclosporin or an eicosanoid.
7. ‘A process as claimed in claim 6, wherein the
immunosuppressant is cyclosporin A.
30

HIIIIII Hllll IIIII I

8. A process as claimed in claim 6, wherein the

immunosuppressant is FK 506.

’ - This is ihe replacement shewt.
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5. The use as clainmed in claim1 or claim2, wherein t he conpl enent

I nhi‘bitor conprises a nol ecule which forns 30 a stable conplex with
« factor Bb, wherein the conplex - is resistant to normal breakdown
mechani sns. 6. The use as clained in any of clainms 1 to 3,
wher ein t he conpl enent inhibitor conprises cobra venom factor.
2
9. A process for the preparation of a product
containing a complement inhibitor and an

immunosuppressant with cyclosporin A-like activity for
use as a combined preparation for simultaneous, separate
5 or sequential use in promoting allograft or concordant

xenograft survival or rescue from rejection.

10. A process for the preparation of a kit comprising

assembling a pharmaceutical preparation of a complement
10 inhibitor and a pharmaceutical preparation of an

immunosuppressant with cyclosporin A-like activity.

11. The wuse of a complement inhibitor ~and an

immunosuppressant with cyclosporin A-like activity in the
15 preparation of an agent for promoting allograft or

concordant xenograft survival or rescue from rejection.

12. The use.of a complement inhibitor in the preparation
of an agent for promoting allograft or concordant
20 | xenograft survival, or rescue from rejection, in a graft
_recipient being treated with an immunoéuppressant with

cyclosporin A-like activity.

) O A
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23 7. The use as clained in any preceding claim wherein

t he, i'Mmunosuppressant with cyclosporin A-like activity is a

‘cycl osporin or an eicosanoi d. 5 8. The wuse as claimed in claim
7, wherein the | mmunosuppressant is cyclosporin A 9.

The use as clainmed in claim 7, whegein the | Mmunosuppr essant
Is FK 506. 10 10. The use accordi'ng to any preceding claim wherein

t he conpl enent inhibitor and the i nmunosuppressant with cycl osporin

A-like actjvity are for sinultaneous, agpgTracpeparate or sequentia

adm ni stration.

INHIBITION OF ALLOG T D_CONCORDANT
XENOGRAFT REJECTION

Cyclosporin A, or another compound having cyclosporin
A-like activity, and cobra venom factor, or another
complement inhibitor, can be used in conjunction with

W 0 3 0 B & W N

each other to promote allograft and concordant
10 xenograft survival and to rescue such grafts from
11 rejection.
12

13

14
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FIGURE 1
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15 11. The use according to any preceding claim wherein t he

_ c_orrpT'ement I nhi bitor and the i mmunosuppressant with cycl osporin
~ A-like activity are provided in kit form
24 CLAI M5 FOR THE CONTRACTI NG STATES: ES and GR
1/1

1004 4~ ===~ K------.' ............
ol | |L L:Cy A+ CoF ALTERNATE DAYS
- BB
X | | —1—2:CYCLOSPORIN A 20 mg/kg
S 604 M ALTERNATE DAYS
2 ] P |—3: CoF AT 0.4 mg/kg
2 407 | ALTERNATE DAYS
20 -—i/] 1: CONTROLS
1 ' .
0 . .-1 X i v y T v 1
0 5 10 5 20
DAYS POST TRANSPLANT
1003~
80-
<
S 60
=
a B
@ 401
N
204 | _1
o R T T

DAYS POST TRANSPLANT
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<1 A process for the preparation of a pharmaceutical g $ﬁﬂﬁ+ﬂﬁ?P
. conprising adm xi ng a conplenment inhibitor 5 and REBLA. h SHEET

i Mmunosuppressant  with cyclosporin A-like - agtifvity.
A process as clained in claim1, wherein the conpl epg \ﬁﬂb?bi 0
I nhibits both the classical and 10 alternative pat hways of conpl engn

activation.

3. A process as claimdd in clai

conpl enment i nhi bi t or conprises MCP, DAF or an anti bod _ ’against

15 4.

A process as clalned in cIa|n1 1, wherern The
conpl ement i nhi bitor conpadi g ‘ : A NS

conplex with factor Bb, mhereln th@wﬁggﬁbg .hEIECT*O

(¥}]

-
[§1]

Thls invention relates to the use of pharmaceutical

formulatlons in the treatment of chronic rejection of
allografts and rejection of concordant xenografts. The
invention therefore relates to the promotion of graft
stirvival, or prevention of graft loss,.in a host.

Allografting is the transplantation of tissue between
two mempers of the same species. Xenografting, which
is the transplantation of tissues between two different
species, has been divided by biological criteria inte
two subsets (Calne, Transplant. E;deffII .550-556

(1970)). The two subsets are ccnccrdantikEhogfaf vs and'

discordant xenografts. .The dlstlnCt*on between these
two subsets is ‘that a vascularlsed prgan ‘graft
transplanted between discordant species is rejected
hyperacutely, that is to say within a few minutes or
hours of revascularisation. Between concordant
species, hyperacute rejection of xenografts does not
take place. ‘'Grafts will, however, be rejected, and
often in an accelerated nanner, but this will occur
over several dadys and not within hours or minutes.

It is a generally helid belief, althougn formal evidence
for this is lacking, that between discordant species
hyperacute rejection is a result of the action of
natﬁrally occurring antibodies against the donor
species. Concordant grafts on the other hand survive
at least for a short while because no such antibodies
capable of causing their destruct ion are present.
There are many examples in the literature <To
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resistant to normal breakdown nechani sns. 20

siqn pragedds faspaced ...

claimed in claim1 or 2, wherein the co “éﬁEﬁﬁﬁinhhbﬁt@twcaqm@hﬁégf
cobra’ venom-f act or . 6. A process as IEﬂﬁEﬁ@ﬁﬂﬂaqwgaﬂa"QBgﬁ%&kﬂ§~

1to5,.25  wherein the i munosuppressant wi HﬁdﬁmhaSponqggéﬂLLkg;ﬂ%ed
activity is a cyclosporin or an eicosanoid7 7. A process as
claimed in claim 6, wherein the — £ osporin
A. 30 8. and aD5ECEISogRALLCEALIEPall Nc&hTBE METKeHI9FEhfambee by

I mmunosuppressant is FK 506, -
_ PP treatment w?;h a combination of cyclosporin A and cobra

venom. factor, or by combinations of compounds having
similar modes of: actionm.

According to one aspect of the present invention, there

is provided the use of a complement inhibitor ‘and an

- immunosuppressant with cyclosporin A-like activity in the
preparation of an aéent or agents for promoting allograft -

10 or _concordant xénograft survival or rescue from

rejection; wherein said ailograft survival or rescue from

© rejection is in respect of an allograft which is not
hyperacutely rejected.

15 Pharmaceutical formulations which can be used in
accordance with the invention therefore have two'
components, at least. A first component is a complement

'_{hhibitor. The complement inhibitor may either prevent

the activation of complement or remove or deplete it, or
20 one or more of dits components. Preferably, the
.complement inhibitor will inhibit both the classical and
alternative pathways of complement activation. It is
therefore preferred that the complement inhibitor acts to
block the pathway at C3, whether by inhibition or removal
25 or deplétioﬂ. It will be appreciated, therefore, that
antibodies (for example monoclonal antibodies) against C3
may be used as the complement inhibitor in the present
invention. Other useful complement inhibitors include
soluble . decay activating factor (DAF) and soluble
30 membrane cofactor protein (MCP). One of the most
preferred complemént inhibitors is cobra venom factor.

Snake venoms are among the most complex of animal
secretions, containing a vast number of substances with

35 'different- pharmacological and biochemical acti&ities.
The presence in venoms of principles affecting

| Thie is the replacement sheet
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9. A process for the preparation of a product cont ai ni ng

a conpl enent I nhi bi tor and an | mmunosuppressant with

eyclosporin-A-like activity for

si mul t aneous,
concor dant

w

10

15

20

use as a conbi ned preparation for

separate 5 or sequential use in pronoting allograft or

xenograft -survival or rescue fromrejection.

A pr-ocess for the preparatiqon of a kit conprising

P

—

éenerall? be necessary at least partially to purify the
active factor from the crude venon. ‘It is not
necessary for cobra or other snake venom factor to be
purified to homogenéity for use in the present
invention, but clearly regulatory problems if nothing
else would tend to prescribe the use of a substantially
purified factor. Cobra venom factor, as a
semi-purified preparation, c¢an be obtained from
chemical suppliers such as Sigma (Sigma Chemicals

Limited, Poole, Dorset), who also supply crude cobra

venom for in-house purification. An example of. a
preparative process for cobra venom factor from crude
cobra venom is given in tlie examples.

It will be appreciated that, in addition to the use of
natural c¢obra venom factor and other snake venonm

'ﬁactors, analogues of such factors (including active
fragments} can be used in this invention, as can
.synthetic factors including those produced by

recombinant DNA technology. The characteristic of CoF
that makes it suitable for use in the present invention
is its ability to form a stable complex-with factor Bb

_which is resistant to the normal breakdown mechanism.

25

30

Other molecules having this cha_racteriStic'are
therefore also preferred for use in the invention.

A second component of pharmaceutical formulations which
can be used in accordance with this invention is an

. immunosuppressant with cyclosporin A-like activity. Such

compounds will be well known to those skilled in the art
and include cyclosporins other than cyclosporin A, such
as cyclosporin C and cyclosporin G. Eicosanoids also
have cyclosporin A-like activity and include PGI,.

10.
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- .assenbling a pharmaceutical preparation of a conplenent 10 I nhi bitor
" ‘and a pharmaceutical preparation of an | mmunosuppressant with
eycl osporin-A-like activity. 11. The wuse of a conplenent
inhibiter and an I mmunosuppressant with cyclosporin A-like
activity in the 15 preparation of an agent for pronoting allograft or
concordant xenograft survival or rescue ffpmrejection. 12. The use
of a conplenent inhibitor in the preparation of an agent for
pronoting allograft or concordant 20 xenograft survival, or rescue from
rejection, in grgﬁﬁ?tner 1mnRReFPPRRES BBy NAVPRE CHFLASRATIn A-1like
| Mrunosuppr essastiwiitdy. For the|pinfudds AofikRigcihveh¥ion, in order

to treat or prevent chronic graft rejection in such

patients it is necessary only to add complement

(8 ]]

inhibitor therapy. According to one aspect of the
invention, there is provided the use of a complement
inhibitor in the preparation of an agent for promoting
allograft or conccrdant xenograft survival, or rescue
of such a graft from rejection, in a graft recipient
10 being treated with an immunosuppressant with
‘cyclosporin A-iike activity. The invention therefore
has application in a method of ptomoting allograft or
concordant xenograrft survival and/or of rescuing such a
grait from rejection, in a host, the method comprising
administering to a graft recipient or an intended graft

Lo
(8]

recipient, being treated with an immunosuppressant with
-cyclosporin A-like activity, a complement inhibitor.

The immunosuppressant with cyclosporin A-like activity
20 "will Pe administered at any suitable effective but non-
toxic level, having regard to the species being treated
and the organ being transplanted. The upper limit of
cyclosporin A tolerance in humans is determined by'its
nephrotoxicity and the age of the recipient. 20 mg/kg
per day may be a safe upper limit for tfeating humans

[ 8]
(1]

in nmany cases, although other species may well have
higher tolerances. 'CyleSporin A is effective at low
doses, and SO0 the lowes't amount that may be
adninistered will simply be the lowest amount that
30 gives an effective response. Amounts of 1 or 2 ng/kg
per day have in some cases found to be effective:. As a
general .guide, between I and 10 mg/kg per day can be
administered. - If administered parenterally,
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