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(57) Abstract

The invention provides means and methods for inhibiting T-<:cn mediated rejection of a xenotransplanted organ by blocking the
dclivciy of co-stmiulatory signal 2 (the B7/CD28 interaction) in order to prevent the activation of xenorcacuvc T-cells in the recipient. In
a first aspect, co-stimulation is prevented by administration to die organ recipient of a soluble form of CTLA-4 from the xenogeneic donor
organism. This preferentially binds B7 on the xenograft and blocks die interaction between B7 on the xenogeneic donor cells and CD28
on recipient T-cells. In a second aspect, co-«timulation is antagonised by expressing a ligand for CTLA-4 on die xenogeneic donor cells
•niis Iigand binds to CTLA-4 on activated T-<xlls of die recipient and antagonises signal Z In a third aspect, co-stimulation is prevented
by expressing recipient organism MHC class n on the surface of die cells of the xenogeneic donor wgan. Tlie donor ceils arc thus able to
present xenoantigens to a recipient T-«sll in die context of self-MHC class B. If die donor cells do not express B7, or if B7 is blocked
the xenoreactive recipient T-cell becomes anergic.
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IMMUNOSUPPRESSION BY BLOCKING T CELL CO-STIMULATION SIGNAL 2 (B7/CD28 INTCRACnON)

This invention relates to the suppression of xenograft rejection.

BACKGROUND TO THE INVENTION

The success of allogeneic organ transplantation has been established in the last few decades,

5 but the limited supply of donor organs means that many patients have little or no chance of

receiving a transplanted organ, such as a kidney, heart or liver. A significant number of these

people die whilst awaiting an organ. One potential solution is "xenografting", or the use of

organs from a non-human ("xenogeneic") animal donor.

Porcine donor organs are thought to be suitable candidates because pigs are anatomically and

10 physiologically similar to humans and are in abundant supply. Porcine organs are rejected

rapidly upon revascularisation, however, by a humoral process called hyperacute rejection

(HAR). This is caused by naturally-occurring antibodies in the recipient which recognise and

cross-react with antigens on the endothelial cells (ECs) ofthe xenograft This recognition triggers

the complement cascade which in turn leads to rejection.

15 European patent 0495852 (Imutran) suggests that membrane-bound regulators of host

complement should be expressed on the xenograft in order to prevent the complete activation of

complement in the organ recipient This approach has been developed and applied in order to

produce transgenic animals with oi^ans designed to survive hyperacute rejection [eg, refs 1 & 2].

However, organs surviving HAR are subject to delayed xenograft rejection (DXR). This is

20 characterised by the infiltration of recipient inflammatory cells and thrombosis of graft

vessels, leading to ischaemia. WO98/42850 shows that expression of coagulation inhibitors on

the surface ofthe xenograft can inhibit the thrombotic aspect of this type of rejection.

HAR and DXR are followed by the host T lymphocyte-mediated response. There are two

pathways, "direct" and "indirect" by which T-cells may become sensitised against

25 xenoantigens. The direct pathway involves interactions between T-cells and MHC molecules

on xenogeneic donor cells, whereas the indirect pathway involves the presentation of

processed xenoantigens by host APCs in the context of MHC class U, The indirect T-cell

response is much stronger against xenoantigens than against ailoantigens [3], which contrasts

with findings for the direct pathway [4], indicating that both the direct and indirect hiunan T-cell

30 responses against xenoantigens must be suppressed ifxenotransplantation is to be effective.
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It appears that the suppression of anti-xenograft indirect T-cell responses will be one of the

greatest challenges for xenotransplantation [5,6]. Maintaining the level of immunosuppression

required to prevent chronic xenograft rejection due to persistent indirect immunogenicity may be
unfeasible using conventional systemic immunosuppressive drugs because of the increased the

risks of infection and neoplasia [eg. 7]. Clearly, if xenotransplantation is to be clinically

successful, methods to promote graft-specific immunosuppression are needed in order to

reduce the requirements for systemic therapy.

T-cell activation requires two separate signals. Delivery of signal 1 alone induces a refractory

state ("anergy"), defined as the inability to produce IL-2 after subsequent antigenic exposure.

For full activation to occur, the cell must be co-stimulated with signal 2.

In vivo, signal 1 is provided by the interaction of the TCR/CD4 complex with either allogeneic

MHC or antigenic peptide complexed with self MHC; signal 2 is supplied by the interaction

between B7 molecules (B7.1 and B7.2, also known as CD80 and CD86, respectively) on the

antigen-presenting cell (APC) and CD28 on the T-cell

Monoclonal antibodies (mAbs) have
.
played a key role in studying T-cell activation. Signal 1

can be supplied by mAbs directed against the TCR/CD3 complex, and mAbs against CD28
can provide signal 2. Indeed, T-cells can be activated by two suitable mAbs, even in the

absence ofAPC. Activation can also be prevented, rather than provided, using mAbs. Signal 2
can be blocked, for instance, using mAbs which block either B7 or CD28.

Signal 2 can also be blocked by using modified forms of CTLA.4, a high-affmity ligand for

B7. CTLA-4 is a natural negative regulator ofT-cell activation, and B7 binding to CTLA-4 on

an activated T-cell antagonises the co-stimulatory signal provided by the B7/CD28 interaction.

Soluble fonns of CrLA-4, consisting of the extracellular domains of CTLA-4 linked to the

constant domain of an antibody, have been constructed [8,9] to block T-cell activation. These

molecules C'CTLA4.Ig" or "CTLA4-Fc") behave in a similar way to anti-B7 antibodies and

have been used in vitro and in vivo to prevent the co-stimulatory functions of B7 and thus

promote tolerance [10].

Targeting tiie B7/CD28 interaction to prevent T ceU sensitisation to graft antigens in vivo has

been shown to be an effective strategy to enhance graft survival. Using CTLA4-Ig, prolonged

survival has been obtained in various allograft models [eg. 1 1] and in a human-to-murine islet

xenograft model [12]. In the xenograft m del, CTLA4-Ig administration caused full tolerance

against tiie xenoantigens by rendering direct-reactive T cells anergic.
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It is thus an object of the invention to provide means to promote xenograft-specific

immunosuppression. In particular, it as an object of the invention to inhibit T-cell-mediated

rejection of xenotransplanted organs by preventing the organ recipient's T-cells from mounting

an immune response against the organ. More specifically, it is an object to prevent this immune

5 response by inducing ancrgy in the recipient's T-cells which recognise the xenotransplanted

organ, resulting in xenograft-specific T-cell tolerance.

DESCRIPTION OF THE INVENTION

The invention provides methods and biological reagents for inhibiting T-cell mediated

rejection of a xenotransplanted organ by blocking the delivery of co-stimulatory signal 2 in

1 0 order to prevent the activation of xenoreactive T-cells in the recipient.

This is embodied in three aspects, which are illustrated in Figure L It will be appreciated that

these three aspects can be used in isolation or in various combinations. Furthermore,

conventional immunosuppressive techniques may be used alongside those ofthe invention.

The following should be read in conjunction with the section entitled "Definitions", which

1 5 begins on page 8.

The first aspect

In a first aspect, co-stimulation by signal 2 is prevented by administration to the organ

recipient of a soluble form ofCTLA-4 from the xenogeneic donor organism. If. for instance, a

pig organ (donor) were bemg transplanted into a human (recipient), a soluble form of porcine

20 CTLA-4 (see below) would be administered to the human.

Although CTLA-4 from one organism {eg, pig) is able to bind to B7 fix>m another organism

(eg. human), the highest avidity is found for allogeneic B7. Whilst soluble CTLA-4 from the

donor organism can thus bind to both recipient B7 (on normal cells) and donor 37 (on

xenotransplanted cells), it preferentially binds B7 on the xenograft This results in

25 xenograft-specific immunosuppression, unlike the administration of CTLA-4 from the

recipient organism, which would tend to lead to systemic immunosuppression. By blocking

the interaction between B7 on the xenogeneic donor cells and CD28 on recipient T-cells,

co-stimulatory signal 2 is not delivered to the T-cell of the recipient. Xenoreactive recipient

T-cells are therefore rendered anergic.



wo 99/57266 PCT/GB99/01350

-4.

The invention thus provides a method of inducing xenotransplant tolerance in an organ

recipient, comprising the administration to said recipient of a soluble form of the CTLA-4

protein from the xenogeneic donor organism.

The soluble form of CTLA-4 preferably comprises a fragment of the CTLA-4 from the donor

organism which retains the ability to bind B7. This fragment is preferably the complete

extracellular domain ofCTLA-4.

Preferably, the soluble protein further comprises the constant domain of an immunoglobulin

{eg. the Cyl chain of IgGl). Preferably, this is from the recipient organism, in order to prevent

an immune response against this portion of the molecule.

In a typical embodiment for pig-to-human transplantation, therefore, the soluble protein could

comprise the extracellular domain of porcine CTLA-4 fiised to a human Cyl sequence.

Soluble forms of CTLA-4 from other organisms are described in, for instance, references 8

(human CTLA-4/human Ig yl constant region) and 9 (murine CTLA-4/human Ig 7I).

The invention also provides the use of a soluble fonn of xenogeneic CTLA-4 in the

preparation of a medicament for inducing xenograft tolerance in an organ recipient.

The protein may be administered before, during, or after the xenotransplantation.

Pre-xcnotransplantation administration is most useful wrhen the recipient is undergoing a

pre-transplantation immunisation programme involving exposure to xenogeneic cells.

In the context of a pig being the donor organism, the invention provides a protein comprising

the amino acid sequence shown in Figure 2 as SEQ ID:1, which is CTLA-4 cloned from

porcine cells. This is the preferred form of CTLA-4 for use in the invention. The extracellular

domain of this protein is also shown in Figure 2.

The invention also provides nucleic acid which encodes protein SEQ ID:1 (or fragments

thereof). This preferably comprises the nucleotide sequence shown in Figure 3 as SEQ ID:2.

In addition, the invention f^ovides a vector comprising the nucleic acid of the invention, and a

cell transformed with such a vector.

The second aspect

In a second aspect, co-stimulation by signal 2 is antagonised by expressing a ligand for

CTLA-4 on the xenogeneic donor cells. This ligand binds to CTLA-4 on activated T-cells of
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the recipient and antagonises the co-stimulatory signal provided by the interaction between

donor B7 and recipient CD28. This renders xcnoreactive T-cells anergic.

The invention thus provides a membrane-associated protein which can bind to CTLA-4.

This will typically be a chimeric protein (/e. a protein produced by combining regions of different

5 proteins into a single protein) comprising a CTLA-4-binding region and a membrane-association

region. In its simplest fonn, the protein will thus be a fusion protein

By "membrane-associated protein", it is meant that the protein is attached to a cell membrane

such that its extracellular domain can bind to CTLA-4. In order to attach the protein to the cell

membrane, the protein might comprise a transmembrane sequence from a membrane protein, for

10 instance, or a GPI anchor. A preferred transmembrane sequence is that of CD4 or CDS.

Alternatively the protein might include a sequence which enables it to associate extracellularly

with a membrane protein without the protein itselfbeing inserted into the cell membrane.

It may also be desirable for the protem to comprise the cytoplasmic domain which is usually

associated with said transmembrane regions {eg. the CDS cytoplasmic domain), such that the

1 5 protein is targeted to the cell membrane. Similarly, it may be desirable for the protein to comprise

the extracellular sequences immediately juxtaposed with the cell membrane (eg. CD4 domains 3

and 4) in order to separate the CTLA-4-binding domain from the cell membrane. Synthetic

linkers, such as glycine linkers, can be used for the same purpose.

The CTLA-4-binding domain of the protein preferably comprises an antibody with specificity for

20 CTLA-4. This is preferably a single chain antibody (sFv). It is preferably specific for the CTLA-4

ofa recipient organism.

In a typical embodiment, therefore, a proteia of the second aspect can comprise a single chain

antibody fused via a linker to the transmembrane and cytoplasmic domains of CDS.

The invention also provides nucleic acid which encodes a protein of the second aspect.

25 In addition, the invention provides a vector comprising said nucleic acid of the invention, and

a cell transformed with said vector.

The invention also provides a delivery system comprising nucleic acid, and/or vector according to

the second aspect ofthe invention, and means to deliver this material to a target cell.

Furthermore, the invention provides a cell which expresses a protein of the second aspect on its

30 surface, preferably such that the protein can bind to available CTLA-4.
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So that the cell can engage recipient T-cells, the cell preferably also expresses MHC (class I or

class II) on its surface. Suitably, therefore, the cell of the invention is a donor professional

APC. Because of the antagonistic signal provided by the anti-CTLA-4 protein, however, these

professional APC behave functionally as B7-negative cells.

5 The invention also provides biological tissue comprising such a cell.

The invention further provides an animal comprising a cell and/or biological tissue according to

the second aspect.

The invention also provides a process for rendering biological tissue suitable for

xenotransplantation, comprising the step of treating said biological tissue such that it expresses

1 0 one or more proteins according to the second aspect on the surface of its cells.

The invention also provides a method of transplantation comprismg the step of transplanting

biological tissue according to the invention from a donor animal (eg. a pig) into a xenogeneic

recipient animal (eg, a human).

In addition, the cells of the invention are suitable for pre-transplantation administration. This

15 results in tolerance being induced in recipient T-cells before the xenograft itself is

transplanted. Whilst the cells used in such, pre-transplantation regimes should preferably

express MHC class II, it will be appreciated that the cells need not be professional APCs.

Furthermore, the invention provides protein or nucleic acid according to the second aspect for use

as a medicament.

20 The invention also provides the use of protein, nucleic acid, a vector, or a delivery system

according to the second aspect in the manufacture of a formulation for administration to a

xenotranspiant recipient or donor.

The third aspect

In a third aspect, co-stimulation by signal 2 is prevented by ejq)ressing recipient organism

25 MHC class II on the surface of the cells of the xenogeneic donor organ. If, for instance, a pig

organ (donor) were being transplanted into a human (recipient), the pig organ would express

human MHC class IL

Even if direct activation of recipient T-cells is avoided, for instance by utilising one or both of

the first two aspects of the invention described above, indirect activation can still occur,

30 involving the processing and presentation of xenoantigens on MHC class II by recipient APC.



wo 99/57266 PCT/GB99/01350

-7"

By expressing recipient MHC class II on the cells of the xenogeneic donor, the donor cells will

present xenoantigens to a recipient T-cell in the context of selfMHC class 11, If the donor cells

do not express B7, or if B7 is blocked, the xenoreactive recipient T-cell will not receive

co-stimulatory signal 2 and will become anergic before the recipient's APCs have an

5 opportunity to present the xenoantigens themselves.

The invention thus provides a cell which expresses on its surface MHC class II of a different

organism. Preferably, this is a porcine cell expressing human MHC class II on its surface.

The MHC class II is preferably of the HLA-DR family.

The MHC class II is preferably constitutively expressed on the surface of the cells.

10 In order to prevent an allogeneic anti-MHC class II response, the MHC class II is preferably

tissue-typed for maximum compatibility with the particular recipient. This will typically

involve, for instance, ensuring that the HLA-DR expressed on the xenogeneic donor cell

should match the HLA-DR of the particular recipient

To ensure that xenoantigen display within the groove of the MHC class II molecule mirrors

15 that found on professional AFC, it is preferred that the cell should also express one or more of

the following three proteins, each of which has an important role in antigen processing:

invariant chain, HLA-DMa and HLA-DMp.

The cell preferably does not express co-stimulatory molecules {eg. B7) on its surface.

Typically, therefore, the donor cell is not a professional APC. It may, however, be a

20 transfected non-immunogenic AFC, such as an immature dendritic cell, which may be B?''.

The invention also provides biological tissue comprising a cell according to the third aspect

The invention further provides an animal comprising a cell and/or biological tissue according to

the third aspect

The invention also provides a process for rendering biological tissue suitable for

25 xenotransplantation, comprising the step of treating said biological tissue such that it expresses

xenogeneic MHC class II on the surface of its cells.

Preferably, this process comprises the steps of isolating non-immunogenic cells (le. cells which

cannot provide a co-stimulatory signal, such as B7-negative cells) from a xenogeneic organism

and transfecting these cells with HLA-DR. The HLA-DR is preferably tissue-typed for a specific

30 recipient Furthermore, the cells may also be transfected with other proteins necessary for

efficient antigen processing. Examples of suitable non-immunogenic cells include renal tubular
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epithelial cells, which are B7-negative and have been shown to induce tolerance in rodent models

of allogeneic transplantation.

The invention also provides a method of transplantation comprising the step of transplanting

biological tissue according to the third aspect from a donor animal {eg. a pig) into a xenogeneic

5 recipient animal {eg, a human).

In addition, the cells of the invention are suitable for pre-transplantation administration. This

results in tolerance being induced in recipient T-cells before the xenograft itself is

transplanted.

Furthermore, the invention provides a cell according to the third aspect for use as a medicament.

1 0 The invention also provides the use ofa cell or of biological tissue according to the third aspect in

the manufacture of a formulation for administering to a xenotransplant recipient

The invention also provides the use of xenogeneic MHC class II, or nucleic acid encoding

xenogeneic MHC class II, in the preparation of a formulation for administering to a

xenotransplant donor.

15 Definitions

As used above, the term "nucleic acid" includes both DNA and RNA, although modified and

synthetic nucleic acids are also included, For instance, the nucleic acid may be synthetic {eg.

PNA), or may have modified inter-nucleotide linkages {eg, phosphorothioates). Furthermore,

the term includes both sense and antisensc nucleic acid sequences, as well as double-stranded

20 sequences.

Preferably the nucleic acid comprises sequences suitable for the regulation of expression of

protein according to the invention. This expression can preferably be controlled, such as

cell-specific control, inducible control, or ten^oral control.

As used above, the term "vector" signifies a molecule which is enable of transferring nucleic

25 acid to a host cell, and numerous suitable vectors are known in the art.

Preferably the vector is suitable for the production of a transgenic animal. Vectors suitable for the

generation of transgenic pigs, for example, are described in references 13, 14, 15, 16 & 17.

As used above, the term "delivery system" refers to means for delivering genetic material to a

target cell.
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Certain vectors as described above may also function as suitable delivery systems. Likewise,

certain delivery systems may also inherendy be vectors, but this is not always the case. For

instance, a viral vector can also fiinction as a delivery system, whereas a liposomal delivery

system is not a vector. The delivery system may be viral or non-viral. Non-viral systems, such as

5 liposomes, avoid some of the difficulties associated with virus-based systems, such as the

expense of scaled production, poor persistence of expression, and concerns about safety.

Preferably the delivery system is suitable for use in gene therapy. Numerous appropriate delivery

systems are known in the art

Preferably, the delivery system will be targeted so that molecules according to the invention are

10 taken up by cells suitable for xenotransplantation, or cells which have been transplanted. More

preferably the delivery system will be specific for these cells. For example, the delivery system

may be targeted to a specific organ, such as the heart or the kidney, or to a specific cell rype, such

as endothelial cells or professional AFC,

To achieve this the delivery system may, for example, be a receptor-mediated delivery system,

15 being targeted to receptors found on target ceUs. For example, the delivery system may be

targeted to receptors found on heart cells, preferably to receptors found exclusively on heart cells,

or it may be targeted to receptors found on endothelial cells, preferably to receptors found

exclusively on endothelial ceUs.

The delivery system is preferably suitable for the generation of a transgenic animal. For example,

20 the delivery system may be targeted to a gamete, a zygote, or an embryonic stem cell.

The vectors and delivery systems of the invention can be used to transfect cells to produce cells

according to the invention. The transfection can occur in vivo or ex vivo.

The term "biological tissue" as used above includes collections of cells, tissues, and organs.

Accordingly the definition includes, for example, fibroblasts, a cornea, nervous tissue, a heart, a

25 Uver, or a kidney.

Where the second and third aspects of the invention provide "an animal", said animal is

preferably suitable for the production of organs for xenotransplantation and/or cells of die

invention (eg. cells for pre-xenotransplant administration to xenograft recipients). Preferably die

animal is a mammal, and more preferably it is a transgenic pig or a transgenic sheep.

30 The animal might be treated whilst alive such that it comprises transgenic biological tissue {ie.

treated by gene therapy). Preferably, a live animal is transfected with a vector according to the
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invention in order to produce a transgenic animal. For example, a vector according to the

invention could be specifically delivered to the heart of a pig to produce biological tissue suitable

for xenotransplantation.

Alternatively, the animal might be bom as a transgenic animal. Many suitable approaches for

5 generating such transgenic animals arc known in the art [eg. refs. 18, 19, 20]. For example, direct

manipulation of the zygote or early embryo, by microinjection of DNA for instance, is well

known, as is the in vitro manipulation of pluripotent cells such as embryonic stem cells.

Retroviral infection of early embryos has proved successful in a range of species, and adenoviral

infection of zona-free eggs has been reported. Transgenesis and cloning of sheep by nuclear

1 0 transfer has also been described (eg. WO97/07668).

Where the invention provides a process for rendering biological tissue suitable for

xenotransplaiitation, said biolGgical tissue may be so rendered cither vivo or ex vivo. For

example, an animal organ may be in vivo transfected with a vector according to the invention, or

an organ could be transfected ex vivo before transplantation or in vivo after transplantation.

1 5 BRIEF DESCRIPTION OF THE DRAWINGS

The invention will now be described widi reference to die attached drawings, in which:

Figure 1 illustrates the three aspects of the invention. "X*' represents a xenogeneic cell (or, in

the indirect activation pathway, a xenoantigen-presenting recipient APC), and "T' represents a

recipient T-cell. In embodiment I, the delivery of co-stimulatory signal 2 is prevented by using

20 a soluble form of CTLA-4. In embodiment 11, anti-CTLA-4 is used to antagonise signal 2. In

embodiment III, X expresses recipient MHC-II, but does not express B7.

Figure 2 shows the amino acid sequence of pCTLA-4 (SEQ ID N0:1). The following

junctions are illustrated by a signal peptide/extracellular domain; extracellular

domain/transmembrane domain; transmembrane domain/cytoplasmic domain. An alignment

25 with the human and bovine sequences is also shown. Homologies with pCTLA4 are:

Domain Human Bovine

Signal peptide 67.6% 86.5%

Extracellular domain 83.8% 84.6%

Transmembrane domain 96.1% 100%

C)rtoplasmic domain 100% 100%

Overall 85.2% 89.2%



wo 99/57266 PCT/GB99/01350

-11.

Figure 3 shows a similar alignment, but at the nucleotide level. Homologies are as follows:

Domain Human B vine

Signal peptide 76% 81.3%

Extracellular domain 85.2% 86.3%

Transmembrane domain 92.3% 96.2%

Cytoplasmic domain 96.5% 97.7%

Overall 86.1% 88.3%

Figure 4 shows the amino acid sequence of the pCTLA4-Ig construct. The underlined

sequence shows the flexible linker GGSGGAA, which also denotes the junction between

pCTLA4 and the IgGl domains.

5 Figure S shows the results of flow cytometric analysis of hCTLA4-Ig (o & ) and

pCTLA4-Ig (0 & A) bindmg to human fibroblasts transfected with either human B7 (lower

two lines) or porcine B7 (upper two lines).

Figure 6 shows the selective inhibition of proliferation by pCTLA4-Ig (o & A) compared to

hCTLA4-Ig ( & 0) when co-stimulated by human B7 (a & o) or porcine B7 (0 & A).

10 Figure 7 shows the inhibition of human CD4^ T cell proliferation by hCTLA4-Ig () or

pCTLA4-Ig (0) when human (7A) or porcine (7B) cells expressing MHC-class II were used as

stimulators in a five day mixed leukocyte reaction-

Figure 8 shows the nucleotide sequence of an anti-human CTLA-4 sFv. The inferred protein

sequence is shown in Figure 9. Figure 10 shows the nucleotide sequences of four anti-murine

15 CTLA-4 sFv. The inferred protein sequences are shown in Figure 11. The heavy and light

chains are linked by a serine-glycine linker as indicated in Figures 9 and 11..

Figure 12 shows the construct encoding the soluble Ig-fusion of the CTLA-4-specific sFv.

Figure 13 shows the inhibition of T cell proliferation by cells expressing either an

anti-hCTLA-4 sFy (q) or a control sFv (o).

20 Figure 14 shows construct encoding the membrane-bound form of the anti-CTLA-4 sFv.

Figure 15 shov^ (A) the nucleotide sequence and (B) the amino acid sequence of human

CTLA-4. The start codon is underlined At position -21, the sequence differs from GenBank

sequence L15006, and at position 1 10 the sequence differs from both L15006 and M74363.
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Figure 16 shows the sequence of cloned human CD8a. This differs from the GenBank

sequence at positions 231 (T-»G), 244 (A^G), 266 (T->C), and 437 (T->C).

Figure 17 shows the binding of human and murine CTLA4-Ig to IPEC, in order to define

clones as B7-negative or B7-positive.

5 Figure 18 shows the binding to transfected cells of HLA-DR-specific mAb L243.

Figure 19 shows the proliferation by human T-cells to HLA-DR-1 transfected IPEC.

Figure 20 shows the results of a human T-cell proliferation assay following 2 days of

incubation HLA-DR-1 transfected cells. The X-axis indicates the stimulator ceils used in the

second step of the proliferation assay. The black bars show resuhs with CD4 T-cells which

10 were primed with B7-positive transfectants; the white bars (hardly visible) show results after

priming with B7-negative transfectants. The first graph shows results with cells harvested on

day 3; the second graph shows results from a harvest on the sixth day.

Figure 21 shows the proliferation of an APC-dependent, HLA-DR-1 restricted T-cell line

raised against IPEC. The stimulator population is indicated on the X-axis.

15 DESCRIPTION OF EMBODIMENTS

Soluble porcine CTLA-^

Porcine CTLA-4 ("pCTLA4") was cloned from PHA-activated pig T cells. RNA was prepared

using standard techniques and pCTLA4 was amplified by PCR using primers:

5' -TTGAAGCTTAGCCATGGCTTGCTCTGGA-3' (5' primCT)

20 5 ' -TAATGAATTCTCAATTGATGGGAATAAAATAAG- 3 ' (3' primer)

The resulting 700bp firagment was sub-cloned into EcoRVHindlll digested pBluescript, and

the nucleotide sequence was determined using the standard T3 and T7 primers. The sequence

of a single clone is shown in figure 3, which also shows a comparison with the human and

bovine CTLA-4 sequences.

25 The predicted amino acid sequence of pCTLA4 is shown in figure 2, with a comparison with

that of himian and cattle. Of significance is the predicted amino acid difference at residue 97,

which is important in B7 binding, being part of the conserved hexapeptide motifMYPPPY. In

pCTLA4, residue 97 is leucine (giving LYPPPY), whereas other species have methionine

(although leucine has also been foimd in bovine CD28 [21]). This important amino acid
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difference is believed to be of key importance to the advantageous differential binding of

pCTLA4 to human and pig B7.

The extracellular domain ofpCTLA4 was amplified using the 5' primer described above and

5
' -CGGTTCTGCAGCACCACCGGAGCCACCATCAGAATCTGGGCATf;r,TTrTr,f:aTr2iiiTr:nr- :t

'

5 This amplified from position 484, introduced an 18 base-pair segment encoding a linker

GGSGGAA sequence (underlined), and introduced a Pstl site (bold) to allow in-frame ligation

to the hinge region of human IgGL The resulting 500bp firagment was sub-cloned into

HindQyPsil digested pBluescript-IgGl containing genomic DNA encoding intronic sequences

and the hinge, CH2, CH3 and 3* untranslated exons of human IgGl between PstVNotl sites.

] 0 The amino acid sequence of the resulting soluble pCTLA4-Ig is shown in figure 4.

Expression of-DCnA4'lB

The chimeric pCTLA4-Ig DNA sequence was released from pBluescript as a HiruJlU/BstXl

firagment and was sub-cloned into the expression vector pHOOK-3™ (Invitrogen). This was

used to transfect DAP.3 or CHO-Kl cells using standard calcixmi phosphate precipitation .

15 G418-resistant cells were separated using the CaptureTec™ system. These transfected cells

were grown in tissue culture flasks until confluent, at which point the medium was changed,

and the cells were kept in culture for a fiirther 3 days. At this st^e the medium vras harvested

and perfused through a protein G colunrn. pCTLA-4.Ig was eluted under acid conditions. The

concentration of the eluted protein was calculated using ELISA with an antibody directed

20 against human IgGl and a standard human IgGl myeloma protein.

The binding characteristics ofpCTLA4-Ig were compared to those ofhuman CTLA4-Ig using

flow cytometric analysis with human fibroblasts transfected with either human B7-1 or

porcine B7-2. For these experiments, the concentration of pig and human CTLA4-Ig were

equivalent as assessed by ELISA. As illustrated in figure 5, human and porcine CTLA4-Ig

25 speared to have similar binding characteristics on human cells expressing porcine B7, Unlike

human CTLA4-Ig, however, pCTLA4.Ig failed to bind human B7, implying that pCTLA4-Ig

binds preferentially to porcine B7 and isuseful as a species-specific reagent

pCTLA4-Ig was used to mhibit human T cell proliferative responses to a variety of

stimulators. In these assays, co-stimulation of the T cell response was provided by either

30 porcine or hxmian B7, expressed either by transfection or naturally on professional APCs.

These experiments are demonstrated in figures 6 and 7.
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In the experiments using transfected fibroblast stimulators (expressing HLA class II and either

human or pig B7), hCTLA4-Ig inhibited all proliferative responses (Figure 6, a & 0). In

contrast, pCTLA4-Ig only fully inhibited the response when stimulators expressed porcine B7

(A); the proliferative response to cells expressing human B7 was only minimally affected (o).

5 In similar experiments, pCTLA4-Ig failed to have a significant inhibitory effect on the

proliferative responses to human cells expressing MHC class II and human B7 but did inhibit

the response to porcine stimulators (figure 7).

These results highlight the effective inhibitory properties of pCTLA4-Ig when T cell

co-stimulatory signals are provided by porcine B7. The failure to prevent T cell proliferation

10 when co-stimulation is mediated by human B7 also demonstrates species-specific action. It

can be concluded that pCTAL4-Ig shows species-specific binding to and inhibition of the

functional effects of porcine B7, but not human B7.

Properties ofDCTLA-4'I^

The binding characteristics of pCTLA4-Ig to both human and porcine B7.faniily molecules

1 5 may be compared to those ofhCTLA4-Ig, for example using the following tests:

(i) flow cytometric analysis of binding to porcine and human APC, and to

transfectants expressing porcine or himian B7 (see above)

(ii) quantitative characterisation of binding using Biacore™.

(iii) functional analysis of the effects ofCTLA4-Ig on human anti-pig and human

20 allogeneic mixed lymphocyte cultures,

(iv) functional assessment ofthe ability ofpCTLA4-Ig to prolong porcine islet

xenograft survival after transplantation into B6 mice,

A membrane'associated protein which binds to CTIA-^

A phage display library containing 10^^ semi-synthetic variable sequences was screened using

25 human or murine CTLA4-Ig and a control human IgGl myeloma protem. The sFv firom a

phage displaying differential bmding to the human CTLA4-Ig protein after 4 rounds of

screening were isolated and purified using standard techniques. The nucleotide and inferred

amino acid sequences are shown in figures 8, 9, 10, and 11.

The sFv were amplified by PGR using specific primers based on the nucleotide sequences. The

30 distal portions of the primers were based on sequence within pHOOKl. The 5' primer
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contained mApal site and the 3' primer contained a Sail site, both of which were predicted to

be unique. The resulting sFv were sub-cloned into pBluescript for sequencing to detennine

faithful amplification. The ApaVSall fragments were then sub-cloned into pHOOKl, where it

is flanked upstream by an in-frame signal sequence from the murine Ig K-<hain and a

haemaggluttinin A epitope sequence, and downstream by two in-frame myc sequences and a

transmembrane sequence from the PDGF receptor.

The myc sequences from pHOOKl were amplified by PGR using the 5' primer

5'-GAGCTGAAACGGGSSS£SSCAGAAC-3', which Contains a Notl site (underlined) and the 3'

primer 5'-ctggcctgcagcattcagatcc-3'
, which introduced a Pstl site (underlined). The

resulting 1 13 base pair fragment was sub-cloned into Notl/PstI digested pBluescript.

The sFv was released from pHOOKl as an EcoRVNotl fragment, and was Ugated into

EcoRVPstl digested pBluescript-IgGl, along with the NotVPstl PGR product [Figure 12]. Hiis

construct encodes a soluble Ig-fiision of the GTLA-4-specific sFv. For expression in

eukaryotic cells, the construct was sub-cloned into pH00K3 as a HindlU/BstXl fragment.

To confirm cell-surfece expression of the sFv, the pHOOK construct was transfected into cells

already expressing HLA-DR molecules and human B7. Geils resistant to G418 or

mycophenolic acid, depending on the vector used, were grown m culture. Gells expressing the

anti-CTLA4-sFv construct on the cell surface were identified by flow cytometric analysis

using hCTLA4-Ig; These cells were cloned by limiting dilution and were used as stimulators

ofT cell proliferaUon in 5 day cultures. The results of one experiment are shown in figure 13.

Cells expressing the anti-hCTLA4 sFv faUed to stimulate T cell proUferation (), whereas

those expressing a control sFv stimulated proliferation in the same way as normal cells (o).

In different experiments, the EcoRUSali fragment of the construct shown in Figure 12 was

co-ligated wiA the transmembrane and cytoplasmic domains of human CD8 (isolated as a

SaWBamm fragment from pBluescript-hCD8) into EcoRUBamHl digested pBluescript

[Figure 14],

The EcoRVBamHl fragment from pBluescript was sub-cloned into the expression vector

pH3Apr-l-neo or the sister vector pHpApr-l-gpL These were transfected into ceUs already

expressing HLA-DR molecules and B7 and selected as described above for the pHOOK
construct
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Membrane-associated CTLA-4 construct

The expression of CTLA-4 on by activated T-cells is only transient so. to test the fiinctional

characteristics of the anti-CTLA4-sFv, chimeric constructs comprising the DNA sequences

encoding the extracellular domains of human or murine CTLA4 and the

5 transmembrane/cytoplasmic sequences of human CDS were made. Cells expressing these

constructs can be used for the study of the anti-CTLA4-sFv protein.

RNA from PHA-activated human T cells was prepared using standard techniques. hCTLA4
was amplified PCR using primers:

5
'
-TTCAAAGCTTCAGGATCCTCSAAAGGTTTTG- 3

' introducing a Hindm site (5 ' primer)

10 5 ' -TAATGAATTCTCAATTGATGGGAATAAAATAAG- 3
' introducing an EcoRL site (3 ' primer)

The resulting fragment was sub cloned mto HiruAWEcoRl digested pBluescript and the

nucleotide sequence determined using standard T3 and T7 primers. The sequence of a single

clone is shown in figure 15. This differed by a single base (position 439) from GenBank-listed

sequences for human CTLA-4. The predicted amino acid sequence ofhCTLA4 is also shown.

1 5 The extracellular domain ofhCTLA-4 was amplified using 5' primer described above and:

5
' -GATGTAGATATCflCAGGCGAACTC(HUaCCACCGGAGCeflC^

This amplified fix»m position 457 and included a 15 base segment encoding a flexible ggsgg

amino acid linker (underlined), along with a unique SaR site (highlighted). The resulting

fi^gment was sub cloned into HindaUSaR. digested pBluescript and sequenced.

20 hCD8 was PCR-amplified from resting T-cells using primers:

5
'
-TCGCGCCCAAGCTTCGAGCCAAGCAOCGT- 3 ' introducing a HindOl site (5' primer)

5
' -TAATGAATTCTC3ATTGATGGGAATAAAATAAG- 3 ' introducing an EcoRl site (3 ' primer)

The resulting fragment was sub cloned into HiruRWEcoRl digested pBluescript and the

nucleotide sequence determined using standard T3 and T7 primers. The sequence of a single

25 clone is shown in figure 16. This clone differed from the sequence deposited with GenBank at

four positions, although none of these were within the region that was subsequently amplified.

The transmembrane (TM) and cytoplasmic (Q domains ofhCD8 were amplified using the 3'

primer described above and the following 5' piimer.

S'-CATAGGCAACGGAGCCCAGATTTATGTAATTGGTGGCTCCGGTGGTCTCaACTTCGCCTGTGATATCTaCATg-3'
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This amplified firom position 532 and included a 15 base segment encoding a flexible GGSGG
amino acid linker (underlined), along with a unique Sail site (highlighted). The resulting

fragment was sub cloned into HindlU/Sall digested pBluescript and called pBluescript-hCD8.

The extracellular domain of human CTLA-4 was cut from pBluescript as an EcoRVSaH

5 fragment, and the TM-IC domain of CDS cut as a SaWBamHi fragment. Together they were

ligated back into EcoRl/BamHl digested pBluescript. The whole CTLA-4-CD8 chimera was

then removed as a single EcoRl fragment and was sub-cloned into a number of expression

vectors for expression into the human T cell leukaemia line J6.

Properties ofthe cell-surface anti^CTLA4 proteins

10 The cell-stirface anti-CTLA-4 proteins may be further characterised by the following

functional tests:

i) Flow cytometric assessment of the interaction between cells expressing the

membrane-bound anti-CTLA4-sFv-CD8 protein and soluble human CTLA4-Ig.

ii) Quantitative assessment of the interaction between the soluble anti-CTLA4-

15 sFv-Ig fusion protein and soluble human CTLA4-Ig, using Biacore™

iii) Analysis on the signalling events resulting from the binding of soluble human

CTLA4-Ig to J6 transfectants expressing the anti-CTLA4-sFv-CD8 fusion protein.

iv) Analysis ofT cell responses (eg. proliferation, cytokine production, anergy

induction) when stimulation in an allogeneic mixed lymphocyte response is provided

20 by an HLA-DR-positive, B7-positive, anti-CTLA4-sFv-CD8-positive cell line.

BT-nesative porcine cells expressing murineMHC class II

Fifty cloned inunortalised porcine aortic endothelial cells (PAEC) were generated from

monolayers of PAEC by intranuclear microinjection with pZipSVU19 DNA [22]. From the

immortalised cells (IPEC), B7-negative clones were identified by flow cytometric screening

25 with hCTLA4-Ig and mCTLA4-Ig [see figure 17]. These were then transfected with cDNAs

encoding HLA-DRA and DRB1*0101 in the plasmid expression vectors pcExVl-gpt and

pHpApr-lneo, and cells were placed under selection with MXH and G418. For comparison,

B7-positive IPEC controls were generated similarly [4],

Another scries of IPEC transfectants expressing the mxirine MHC class II molecule I-A^ were

30 also generated for experiments in mice.
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Surface expression ofMHC class II on transfected IPEC cells was detected using monoclonal

antibody L243 (specific for HLA-DR) [figure 18] or M5-1 14 (specific for murine MHC class

II). MHC class Il-positive cells underwent several rounds of fluorescence activated cell sorting

before being cloned by limiting dilution.

5 A second batch of transfectants was prepared in exactly the same way, but with additional

transfected cDNAs encoding HLA-DMA and HLA-DMB and p31Ii (invariant chain) in the

expression vector pCMU.

Anersv induction in allogeneic T-cells by MHC class Il-expressin^ cells

Human T-cells were purified using standard protocols [3]. For primary proliferation assays,

10 T-cells were incubated for 5 days with fixed numbers of irradiated stimulator cells, before

addition of l^iCi ^H-thymidine sixteen hours prior to harvesting onto glass fibre filters. The

filters were read in a scintillation counter.

B7-positive IPEC caused significant, anti-DRl specific proliferative responses, whereas

B7-negative IPEC failed to initiate any proliferative response [figure 19].

1 5 Two step anergy induction assays were established by a standard protocol [23]. In the primary,

tolerance-induction step, T-cells incubated with B7-positive IPEC mounted an anti-DRl

proliferative response in the secondary step with the kinetics of a primed secondary immune

response (maximal at three days). However, T-cells incubated vwth B7-negative IPEC in the

primary step became tolerant to DRl and failed to mount a response on subsequent exposure

20 to DRl -expressed on B7-positive IPEC [figure 20].

Anerev induction in DRl-restricted T cells bv DRl-expressine ois cells.

CDA^ T-cells fix)m a DRl-expressing individual were purified according to standard

procedures. In primary proliferation assays, they proliferated to B7-positive IPEC transfected

vwth HLA-DRl, indicating that the DRl can perform as a restriction element for pig-peptide-

25 specific T-cells. Assays comparing the proliferative response to B7-positive and B7-negative

DR1+ transfectants are being performed.

Two step anergy induction assays may also be performed to demonstrate that DRl-transfected,

B7-negative pig cells induce anergy in HLA-DR-restricted human T-cells.
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Overlap between the pi^ peptides processed bv professional human APC for presentatioM nn

HLA-DR and those presented on MHC class II oflPEC transfected with HI^^DR

A human T-cell line against wUd type IPEC was raised from human PBMC. The proliferative

response of this line was dependent on the presence of human APC and inhibitable by

5 antibodies against HLA-DR, indicating that the line had indirect specificity for processed

porcine xenoantigens presented by human APC.

This line proliferated against B7-positive HLA-DRl-transfected IPEC [figure 21] implying

that at least some of the processed pig peptides presented indirectly by professional human

APC are also presented by transfected pig cells,

10 Studies in pi^-isIetS'to^mouse model

In vivo, porcine pancreatic islet cells may be transplanted under the kidney capsule of

streptozotocin-treated diabetic mice. Islet xenografts, being non vascular, are rejected solely

by T-cells. Porcine islets are prepared from the pancreas of pigs under terminal anaesthesia,

and their survival in the recipients assessed by maintenance of normoglycaemia. Mice are

15 injected intravenously with B7-negative, I-A*'-expressing IPEC before transplantation of pig

islets. This strategy can be combined with other aspects of the invention to tolerise the direct

pathway of T-cell recognition, to ensure that rejection via the direct pathway does not occur.

To assess whether a particular strategy has induced specific T-cell tolerance, nephrectomy of

the islet-carrying kidney is performed before re-transplantation (under the capsule of the

20 surviving kidney), of identical or third party porcine islets.

It will be understood that the invention is described above by way of example only and

modifications may be made whilst remaining within the scope and spirit ofthe invention.
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CLAIMS

1. A biological reagent capable of inhibiting T-cell mediated rejection of a xenotransplanted

organ by blocking the delivery of co-stimulatory signal 2 in order to prevent the activation

of xenoreactive T-cells in the recipient.

5 2. A method for inhibiting T-cell mediated rejection of a xenotransplanted organ, comprising

blocking the delivery of co-stimulatory signal 2 in order to prevent the activation of

xenoreactive T-cells in the recipient.

3. A method according to claim 2, comprising the administration to said recipient to a soluble

form of the CTLA-4 protein from the xenogeneic donor organism.

10 4. A method according to claim 3, wherein said soluble protein comprises the extracellular

domain of porcine CTLA-4 fused to a himian C7I sequence.

5. A soluble form of xenogeneic CTLA-4 for use as a medicament

6. A protein comprising the amino acid sequence SEQ ID:1

7. Nucleic acid which encodes the protein according to claim 6

15 8. A biological reagent according to claim 1, wherein said reagent is a membrane-associated

protein which can bind to CTLA-4.

9. A protein according to claim 8, comprising a single chain antibody with specificity for

CTLA-4.

1 0. Nucleic acid which encodes a protein according to claim 8 or claim 9.

20 1 1
.
A cell which expresses a protein according to claim 8 or claim 9 on its stirface.

12. Biological tissue comprising a cell according to claim 1

L

13. An animal comprising a cell according to claim 1 1 and/or biological tissue according to claim

12.

14. A method of transplantation comprising the sXep of transplanting biological tissue according

25 to claim 12 from a donor animal into a xenogeneic recipient animal.
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15. A process for rendering biological tissue suitable for xenotransplantation, comprising the step

oftreating said biological tissue such that it expresses a protein according to claim 8 or claim

9 on the surface of its cells.

16. A protein according to claim 8 or claim 9, or nucleic acid according to claim 10, for use as

a medicament.

17. The use of a protein according to claim 8 or claim 9, or of nucleic acid according to claim

10, in the preparation of a formulation for administration to a xenotransplant recipient or

donor.

18. A biological reagent according to claim 1, wherein said reagent is a cell which expresses

on its surface MHC class II of a different organism.

19. A ceil according to claim 18, wherein said cell is a porcine cell expressing human MHC
class II on its surface.

20. A cell according to claim 18 or claim 19, wherein said cell does not express B7 on its

surface.

15 21. A cell according to claim 18 or claim 19, wherein said cell is a transfected immature

dendritic cell

22. Biological dssue comprising a cell according to any one of claims 18, 19, 20 or 21

.

23. An animal comprising biological tissue according to claim 22.

24. A method of transplantation comprising the step of transplanting biological tissue according

20 to claim 22 from a donor animal into a xenogeneic recipient animal.

25. A process for rendering biological tissue suitable for xenotransplantation, comprising the step

of treating said biological tissue such that it expresses xenogeneic MHC class n on the

surface of its cells.

26. A cell according to any one of claims 1 8, 1 9, 20 or 21, for use as a medicament.

25 27. The use of biological tissue according to claim 22 in the manufecture of a formulation for

administering to a xenotransplant recipient

28. The use of xenogeneic MHC class II, or nucleic acid encoding xenogeneic MHC class II, in

the preparation ofa fomiulation for administering to a xenotransplant donor.
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F/G. 10
10 20 30 40 50 60

> I I I I I

"^O 80 90 100 no 120
I I i I I I

JO sFv oc!iCAOCTcxacTi,inawixjuci^^

iS!
OGTTOCTGCAAGaMCI^ TACIATATOaCIGOGIGOGA

M24 sFv GATntXTSTAAGCmCUUATWaGaTI^^ TBCiaaTCGGCTOGGIGCGC

130 140 150 160 170 180 190
I I I I I I I

JO SPV OiGOCOOCMQGAWXX^^

200 210 220 230 240 250
I I I I I I

JO SPV ACAAGCIX'limaAGMl^^
Jtt9 SfV AC^^GftAGTTOCaGQGCay^^
*B4 sEV *CRG00aaOCTTCCWkQG0CaQGTCIMC»IICTC^^

260 270 280 290 300 310 320
< I i I I I I

J^
SFV GCftAMBaaaocCTaGAsoa^^ gt

JO SFV CSRAOCnaUSCTCTCTGACXXXTO^ qG

M2« SEV QCAGTO(aOC3UmGA»GGCCTC0GACA0^^

330 340 350 360 370 380
I I I I I I

'I^
UUWmUTil3CTftTia3g3CC3tflGG'iaLt^^^

M24 SFV QSTOCT TmtCtkTJXXXSOOClM^
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10.9 aFv
M24 SFV

Ml sPv
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520 530 540 550

I

560 570

I

TAmTGCAAGCro^CCAGCM^^

580 590 600 610 620

I

630 640

ATCaGOGGOCCTC3U3GQgKmtj^^
MXaOOGGOCCiaVQGGKrCOCK^^
AOttoooGoacrraQQMco^^

660

Ml SFv
M3 sFv
MI9 sFv
H24 sFV

Ml sFv
M3 sFv
M19 sPv
K24 sFv

OQOCM

c*oumaGaGcrroc»GccroAAcaTi^^ —^AC«3cm»TAGT

710
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I

720

I

730 740

I

750

—cro—-GTaTroaGOitaoc^AonAGCTSfto^^
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FIG. 11

Ml sFv Peptide

M3 sFv Peptide

H19 sFV Peptide

IQ4 sFV peptide

10 20 30 40 50 60

I'll I J*l I II* I 'I" "f"!! •

--EVQrA^mVQB0GSIilLSC3ASG--FIFSSY^^

Ki sTv Peptide

M3 sFv Peptide

M19 sEV Peptide

1C24 sFv peptide

70 80 90 100 110 120

•

SraSNPSLKSRSniSyDISKWJEE^^

130 140 ISO 160 170 180ill II
m sEV Peptide vRi:m\<mrm^^^

-VSVaU3QfIVRriDQC3^

M3 sFV Peptide

m9 sFV Peptide

M24 sFV peptide VS

190 200 210 220 230 240

• •||*
I

••|« 1*1*11 II**
* ***

I

**

Ml sFv Peptide GlMKILrYE»OlP9GVHK3^^
ffl SPv Peptide (aMKUiTYRNbOlI^^
M19 sFv Peptide QQ!^VI505NNRE9GniE^^
M24 sEV pqjtide (3!Aimj«AftSII0^^

••••
I

ML sFV Peptide QCHKI/IVLG

MJ sFV Peptide (miflVLGRA

M19 sFvp^jtide Qana/ivrfl

M24 SFV peptide QGKLEI—KR
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F/G. 15(A)

-65 AGCTTCAGGA TCCTGAAAGG TTTTGCTCTA CTTCCTGAAG ACCTGAACAC
-15 CGCTCCCATA AAGCCaiSGC TTGCCTTGGA TTTCAGCGGC ACAAGGCTCA
36 GCTGAACCTG GCTACCAGGA CCTGGCCCTG CACTCTCCTG TTTTTTCTTC
86 TCTTCATCCC TGTCTTCTGC AAAGCAATGC ACGTGGCCCA GCCTGCTGTG
136 GTACTGGCCA GCAGCCGAGG CATCGCCAGC TTTGTGTGTG AGTATGCATC
186 TCCAGGCAAA GCCACTQAGG TCCGGGTGAC AGTGCTTCGG CAGGCTGACA
236 GCCAGGTGAC TGAAGTCTGT GCGGCAACCT ACATGATGGG GAATGAGTTG
286 ACCTTCCTAG ATGATTCCAT CTGCACGGGC ACCTCCAGTG GAAATCAMT
336 GAACCTCACT ATCCAAGGAC TGAGGGCCAT GGACACGGGA CTCTACATCT
386 GCAAGGTGGA GCTCATGTAC CCACCGCCAT ACTACCTGGG CATAGGCAAC
436 GGAACCCAGA TTTATGTAAT TGATCCAGAA CCGTGCCCAG ATTCTGACTT
486 CCTCCTCTGG ATCCTTGCAG CAGTTAGTTC GGGGTTGTTT TTTTATAGCT
536 TTCTCCTCAC AGCTGTTTCT TTGAGCAAAA TGCTAAAQAA AAGAAGCCCT
586 CTTACAACAG GGGTCTATGT GAAAATGCCC CCAACAGAGC CAGAATGTGA
636 AAAGCAATTT CAGCCTTATT TTATTCCCAT CAATTGAGAA TT

FIG. 15(B)

-30 -20 -10 1 11 21
MACLGFQRHK AQLNIATRTW PCTLLFFLLF IPVFCKAMHV AQPAWIASS RGIASFVCEY

31 41 51 61 71 81
ASPGKATEVR VTVLRQADSQ VTEVCAATYM MGNELTFLDD SICTGTSSGN QVNLTIQGLR

91 101 111 121 131 141
AMDTGLYICK VELMYPPPYY LGIGNGTQIY VIDPEPCPDS DFLLWILAAV SSGLFFYSFl

*

151 161 171 181
LTAVSLSKML KKRSPLTTGV YVKMPPTEPE CEKQFQPYFI PIM
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FIG. 16

-26 AAGCTTCGAG CCAAGCAGCG TCCTGGGGAG CGCGTOITGG CCTTACCAGTWW ^ X<^WWXlW X

GACCGCCTTG CTCCTGCCGC TGGCCTTGCT GCTCCACGCC GCCAGGCCGAwww*»wwww

GCCAGTTCCG GGTGTCGCCG CTGGATCGGA CCTGGAACCT GGGCGAGACAwwwv»vj;nwn^A

115XX «j GTGGAGCTGA AGTGCCAGGT GCTGCTGTCCWW *WW •W m WW AACCCGACGT CQGGCTGCTCWwwwW XWW X w

165 GTGGCTCTTC CAGCCGCGCG GCGCCGCCGC CAGTCCCACC TTCCTCCTAT• *WWAWWA*%A

215 ACCTCTCCCA AAACAATCCC AAGGCGGCGl AGGGGCTGGA CACCCAGCGG

265 TTCTCGGGCA AGAGGTTGGG GGACACCTTC GTCCTOICCC TGAGCGACTT

315 CCGCCGAGAG AACGAGGGCT ACTATTTCTG CTCGGCCCTG AGCAACTCCA

365 TCATGTACTT CAGCCACTTC GTGCCGGTCT TCCTGCCAGC GAAGCCCACC

415 ACGACGCCAG CGCCGCGACC ACTAACACCG GCGCCCACCA TCGCGTCGCA

465 GCCCCTGTCC CTGCGCCCAG AGGCGTGCCG GCCAGCGGCG GGGGGCGCA6

515 TGCACACGAG GGGGCTGGAC TTCGCCTGTG ATATCTACAT CTGGGCGCCC

565 CTGGCCGGGA CTTGTGGGGT CCTTCTCCTG TCACTGGTTA TCACCCTTTA

615 CTGCAACCAC ' AGGAACCGAA GACGTGTTTG CAAATGTCCC CGGCCTGTGG

665 TCAAATCGGG AGACAAGCCC AGCCTTTCGG CGAGATACGT CTAACCCTGT

715 GCAACAGCCA CTACATGAAT TCC
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FIG. 20
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Box I Observatens where certain claims were found unsearchable (Continuation of Item 1 of first sheett

This International Search Report has not been establishsd in respect ot certain claims under Artide 17(2)(a) lor the following reasons:

Claims Nos.:

beoause they relate to subject matter not required to be searched by this Aufhorfty. namely:
Remark: Although claims 2-4, 14 and 24 are directed to a method of

treatment of the human/animal body, the search has been carried
out and based on the alleged effects of the compound/composition.
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Claims Nos.;

3.
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Claims Nos :

booauso they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box H Obaervationa where unity of invention is lacking (Continuation ot Item 2 of first sheet)

This IntemaUonal Searching Authority found multiple inventions in this international appfication. as follows:

see additional sheet

^ * LJ ^' required additional search fees were timely paid by the appltcani this
' searchable claims,

'
is International Search Report covers all

^*
' ^^yaS^^Xe^^ ^ '^'^^^ effort justifying an addtional fee, this Authority did not invite payment

reanciea lo me invention hrsl mentioned in the clajms; it ts covered by claims Nos.

:

1,2 (partially); 3-7 (completely)

Remark on Protest
I I

additional search tees were accompanied by the applicant's protest.

{ J
No protest accompanied the payment of additional search fees.
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FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210

This International Searching Authority found multiple (groups of)
inventions in this international application, as follows:

1. Claims: 1-2 (partially), 3-7 (completely)

Claims 1-2 partially concerning biological reagents and
methods for inhibiting T-cell mediated rejection of
xenotransplants in so far CTU4 or CTLA4-fusion proteins
concerned; claims 3-7 completely in so far methods and
reagents as above as well as proteins comprising the SEQ
ID:1 and nucleic acids encoding it.

2. Claims: 1-2 (partially), 8-17 (completely)

Claims 1-2 partially concerning biological reagents and
methods for inhibiting T-cell mediated rejection of
xenotransplants in so far CTLA4 binding proteins are
concerned; claims 8-17 completely in so far methods and
reagents as above as well as proteins and nucleic acids
encoding CTLA4 binding proteins, cells and tissues
expressing them and their uses in methods for rendering
tissues suitable for xenotransplantation.

3. Claims: 1-2 (partially), 18-28 (completely)

Claims 1-2 partially concerning cells and tissues which
express MHC class II of different organisms capable to

12
T-cell mediated rejection of xenotransplants; claims

18-28 completely in so far cells and tissues as above as
well as animals comprising said cells or tissues and methods
for rendering tissues suitable for xenotransplantation by
expressing MHC class II on their surface.
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