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THERAPEUTIC ANTIBODIES

FIELD OF THE INVENTION
The present invention relates to therapeutic antibodies and to a method for

reducing or eliminating their immunogenicity

Tolerance to foreign antigen or tissue is a state whereby an otherwise normal,
mature immune system is specifically unable to respond aggressively to that
antigen/tissue which it therefore treats like a normal (non-diseased) body
tissue/component. At the same time the immune system is competent to respond
aggressively to foreign or diseased antigens/tissues to which it has not specifically

tolerant either by the natural process of self-tolerance or by therapeutic tolerance

induction procedures. A test for tolerance usually requires a demonstration that

the tolerant individual fails to become immune to the specific antigen/tissue when
one or preferably more attempts to immunize are made at a later time when the
same individual can be shown to respond to an irrelevant antigen/tissue. As used
herein, reference to induction of tolerance is also intended to encompass both
complete and partial/incomplete tolerance induction. Complete tolerance
induction involves the removal of the immune response to the antigen/tissue to
which tolerance is to be induced whereas partial or incomplete tolerance induction

involves a significant reduction in this immune response.



10

15

20

25

WO 02/30460

PCT/GB01/04518
PRIOR ART

One of the major problems with the use of antibodies in ;cherapy is the immune
response mounted against them. As humans are naturally tolerant of their
immunoglobulins, a number of strategies have been used to create human forms
of therapeutic antibodies, strategies such as humanisation, phage display from
human libraries, or the use of mice carrying human immunoglobulin gene
repertoires. Although useful, these procedures cannot guarantee that patients do
not still react against unique features of the therapeutic antibody, features such as
the allotypic determinants in the constant regions, and idiotypic determinants

encoded by the complementary-determining regions (CDRs).

Chiller and Weigle (1970) PNAS 65:551 showed in rodents that tolerance to
foreign immunoglobulins can be induced by deaggregated monomers of those
immunoglobulins whilst aggregates of such immunoglobulins were potentially
immunogenic. Benjamin and Waldmann et al (1986) J. Exp. Med. 163:1539
showed that cell-binding antibodies could also be immunogenic compared to non-
cell binding antibodies. Isaacs and Waldman (1994) Therapeutic Immunology
1:363-312 showed that the humoral response against therapeutic antibodies is
CD4+  T-cell-dependent. To ensure that therapeutic antibodies are not
immunogenic it would be desirable to induce tolerance in the CD4 T-cell
population to all potentially immunogenic determinants of those therapeutic

antibodies that host—cells might recognise.

Gilliland et al (1999) The Journal of Immunology 162:3663-3671, described an

alternative route to prevent immune response against therapeutic antibodies by
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pre-tolerising the host with a monomeric preparation of non-cell-binding antibody
mutants. Specifically, this study showed that mutants of the anti-CD52 antibody
CAMPATH-1H which are non-cell-binding lose immunogenicity and can
consequently induce tolerance to wild-type binding antibodies. CAMPATH-1 is
the generic name given to the CD52 glycoprotein antigen and to the family of
antibodies that recognize this. CAMPATH is a registered trade mark. The unique
ability of CAMPATH-1H antibodies to kill lymphocytes by both complement-
mediated lysis and cell-mediated lysis has led to the extensive use of these
antibodies for the serotherapy of lymphoma, marrow and organ transplantation
and in the treatment of autoimmune diseases. The obser\{ation that some patients
mount antiglobulin responses to the therapeutic antibody led to research aimed at
abolishing immunogenicity. Gilliland et al. showed in murine models that the
antiglobulin response to a cell-binding form of the CAMPATH-1H antibody could
be abolished by first tolerizing with a non-cell binding mutant. However, to use
this method therapeutically would require the application of two products, the
non-binding tolerogen and the actual therapeutic antibody. This is a costly process
and has the disadvantage that as the mutant and therapeutic antibodies differ in a
few amino-acid residues and in some cases tolerance may not extend to the
difference, so that an antiglobulin response could still arise to the wild-type
(unmutated) antibody. There is therefore a need to ensure tolerance to the whole

therapeutic antibody.

It has thus been a long-term goal in immunology to find a means to abolish the
potential to mount an immune response to certain therapeutic proteins which may

have amino-acid sequences different to the host. This would have major
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implications in a broad range of therapeutic areas ranging from cancer, to

autoimmune disease to transplantation.

STATEMENT OF THE INVENTION

In accordance with one aspect of the present, there is provided a modified
therapeutic antibody wherein the modified therapeutic antibody as compared to
the unmodified antibody has a reduced binding to its target antigen. The reduced
binding is such that over time the binding of the antibody to the target is

increased.

According to one aspect, the present invention is directed to a therapeutic
tolerising antibody which comprises a therapeutic antibody having a specific
therapeutic effect wherein the antibody has been subject to a temporary
obstruction of its antibody-combining site which reduces the binding of the
antibody for its natural target and wherein following administration to a host the
antibody is capable of regenerating sufficient of a functionally-competent form of
the therapeutic antibody to achieve the said therapeutic effect, whereby the
reduction of the binding of the antibody for its natural target renders the modified
antibody tolerogenic to itself and to its functionally-competent form. In this
respect, tolerogenic means that an immunogenic immune response (an antibody
response) against the antibody is inhibited, reduced in severity and/or essentially

eliminated.

Using this antibody the immunogenicity of cell-binding antibodies may be

reduced or circumvented so that antibody therapy can be used to its full potential.
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Only one product is used which is one able to tolerise itself and produce the
desired therapeutic effect. This eliminates the need for two products as used
previously. The temporary blockade of the antibody combining site (ACS) of the
antibody must be for a sufficient time to induce tolerance within the host immune
system, i.e., inhibit the immunogenic immune response against the antibody, but
once this has been achieved the antibody should revert to or regenerate a form
which can interact with the therapeutic target by increasing the amount of
antibody bound thereto. Thus, immunologically foreign antibodies may be given
to produce the desired therapeutic effect with a reduction of and/or essentially
eliminating a host immunogenic immune response to them. Thus, the generation
of antibodies against the therapeutic antibody is reduced and/or essentially

eliminated.

Thus, in accordance with an aspect of the invention, there is provided a
pharmaceutical in the form of a therapeutic antibody wherein the therapeutic
antibody includes an antibody combining site (ACS) for a therapeutic target and
the antibody is modified with a compound that inhibits the binding of the

therapeutic antibody to the therapeutic target.

In one such embodiment there is provided a therapeutic antibody that is modified
to include a compound that is reversibly bound to the antibody combining site of
the antibody, with the target antigen competing with the compound for binding to
the ACS upon administration of the antibody, whereby binding of the antibody to
the target is inhibited. In this manner, the amount of the modified antibody that

becomes bound to the target antigen in the initial period after administration is
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less than would have become bound if the antibody was administered in its non-
modified form. As the compound is displaced from the ACS as a result of
competitive binding, the amount of antibody that becomes bound to the target
antigen increases. By inhibiting the binding of the antibody, with the amount of
antibody that is bound to the target increasing over time, the modified antibody is
capable of reducing and/or essentially eliminating an antibody response thereto

and is also capable of accomplishing the desired therapeutic effect.

In one embodiment, the modified antibody has an avidity for the target that is less
than the avidity for the target of the unmodified antibody. The avidity is reduced
in an amount that is effective for reducing and/or eliminating an antibody
response against the therapeutic antibody while producing the desired therapeutic

effect by binding to the therapeutic target.

The term "therapeutic" as used herein encompasses both treating an existing
disease condition or disorder and preventing and/or reducing the severity of a

disease, condition or disorder.

A therapeutic target is the antigen to which the antibody binds, which antigen may
or may not be present on a tissue or cells. The compound that is combined with
the therapeutic antibody for inhibiting binding to the target may inhibit such
binding by binding to the ACS and/or by binding or blocking access to the ACS;

e.g., by steric hindrance.
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The compound may be combined with the antibody by linking the compound to
the antibody and/or by binding of the compound to the ACS. In one embodiment,
the compound is linked or tethered to the antibody and also binds to the ACS. In
another embodiment, the compound is linked to the antibody without binding to
the ACS and inhibits binding of the antibody to the target by inhibiting access to
the ACS; e.g., by steric hindrance. In one non-limiting embodiment, the

compound is linked to only one of the chains of the antibody.

The therapeutic antibody may be used as a therapeutic in humans and may be a

non-human antibody e.g. one raised in a rodent.

Chimeric and humanised, e.g. CDR-grafted, antibodies may be used in accordance
with the present invention. These antibodies are less immunogenic than the
corresponding rodent antibodies and thus temporary ACS blockade of such
antibodies in accordance with the present invention may further reduce

immunogenicity and enhance tolerogenicity.

The compound functions to inhibit binding of the antibody to the target whereby
immediately after administration there is a reduction of the amount of antibody
that binds to the target as compared to the amount of antibody that would bind
without the presence of the compound. The amount of antibody that becomes
bound to the target increases over time whereby in effect there is a temporary

blocking of the ACS that inhibits the amount of antibody that binds to the target.
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The temporary blockade of the ACS (a blockade that initially reduces the amount

of antibody that binds to the target, with such amount increasing with time) may

be effected by the following, including ;

®

(i)

(i)

(iv)

Temporary occupancy with molecules such as the defined antigen or a
domain thereof, low afﬁn.ity antigenic peptides or mimotopes by pre-
incubation in-vitro, that might gradually dissociate in-vivo, such that the
antibody would gradually accumulate on cell-bound or other “target” antigen
if the association and dissociation constants were favourable by comparison
with the “obstructive” element; or

Temporary occupancy with molecules such as the defined antigen or a
domain thereof, low affinity antigenic peptides or mimotopes which may be
attached by flexible linkers. Once administered in-vivo the antibody would
gradually accumulate on cell-bound or other “target” antigen if the
association and dissociation constants were favourable by comparison with
the “obstructive™ element; or

Chemical drugs which may bind non-covalently in the ACS and be able to
dissociate in-vivo; or

Other changes that might temporarily obstruct the ACS.

Such a modification would interfere with antibody accumulation on the target

antigen for a limited period, which would be enough to ensure that the

administered therapeutic antibody has a tolerizing effect (which is at least a partial

tolerizing effect) while allowing for the antibody to revert to or regenerate

sufficient of its functionally-competent form to achieve the desired therapeutic

effect, i.e., accumulate on the target antigen in an amount to produce such effect.
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Removal of the modification may also occur by the host’s own physiological and
biochemical processes such as pH changes, enzymatic cleavage within the host,
natural competition with host antigens bound to cells. For example a peptide
mimotope could be linked to the antibody H or L chain by a linker which carries
an enzyme degradable motif, susceptible to cleavage by host enzymes, such as for

example, leukocyte clastase, in-vivo.

According to one particularly advantageous embodiment of the invention the
linker is cleaved by an enzyme which occurs only or preferentially at the desired
site of action of the therapeutic antibody thereby providing selective delivery of
the therapeutic antibody to the desired site of action. For example a linker cleaved
by leukocyte elastase would be appropriate for an antibody whose intended site of
action was the joints. Alternatively, soluble antigen or mimotope might dissociate
more easily at low pH within the site of a tumour which may also provide
selective delivery of the antibody to the desired site of action. Alternatively, a low
affinity mimotope attached by an inert linker may naturally dissociate in-vivo, and
reassociation may be prevented by the ACS interacting with the natural antigen on

host cells

Preferably, the native antigen, domains thereof, and peptide fragments or
mimotopes are used to modify the ACS. The latter may be generated from peptide
libraries either synthetically or biologically-derived. Non-covalently binding
chemicals can be screened from natural or synthetic libraries or from other
available products, for their ability to inhibit antibody binding to its antigen or a

surrogate equivalent. The linkers which may be used are preferably flexible, but
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could be enzymatically cleavable and/or degradable by the body over a set time

period.

The present invention is also directed to antibodies as described above further
comprising an Fc region designed to reduce interaction with the complement
system and with specialised cell receptors for the Fc region of immunoglobulins
(FcR receptors). Part of the immunogenicity of cell-binding antibodies may come
from their capacity to biologically activate the complement system and other cells
which bind through FcR receptors. The removal of the biological effector
functions in the Fc region of the antibody may reduce immunogenicity as
compared to the unmodified antibody and thus enhance tolerogenicity. This will
be useful for many antibodies where cell lysis is not essential, such as blocking or
agonist antibodies. Thus, the addition of mutations in the ACS together with those
in the Fc region may be the most effective at tolerisation towards Fc mutated

antibodies designed to block or enhance cell-function.

According to a further aspect, the invention provides an antibody as defined above

for use in therapy.

According to a still further aspect, the invention provides the use of an antibody as
defined above in the manufacture of a medicament for use in the treatment of a
mammal to achieve the said therapeutic effect. The treatment comprises the
administration of the medicament in a dose sufficient to achieve the desired
therapeutic effect. The treatment may comprise the repeated administration of the

antibody.

10
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According to a still further aspect, the invention provides a method of treatment of
a human comprising the administration of an antibody as defined above in a dose
sufficient to achieve the desired therapeutic effect and reduce and/or eliminate an
antibody response to the therapeutic antibody. The therapeutic effect may be the
alleviation or prevention of diseases which may include cancer, chronic
inflammatory diseases such rheumatoid arthritis, autoimmune diseases such as
diabetes, psoriasis, multiple sclerosis, systemic lupus and others, allergic diseases
such as asthma, cardiovascular diseases such as myocardial infarction, stroke and
infectious diseases. Indeed any disease where continuous or repeated doses of a

therapeutic antibody are contemplated.

Temporary modification of the type described above may also be applicable to
therapeutic proteins other than antibodies whose activity depends on a
biologically active site which can be transiently blocked and where the activity of
this site determines immunogenicity. Examples of such therapeutic proteins
include hormones, enzymes, clotting factors, cytokines, chemokines,

immunoglobulin-based fusion proteins.

When covalently linking the compound to the antibody, in one embodiment, the

compound is preferably linked to only one of the two arms of the antibody.

The term "antibody" as used herein includes all forms of antibodies such as

recombinant antibodies, humanized antibodies, chimeric antibodies, single chain

11
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antibodies, monoclonal antibodies etc. The invention is also applicable to

antibody fragments that are capable of binding to a therapeutic target.

In one embodiment, a compound (which may be a peptide or other molecule that
is capable of binding to the ACS of the antibody) is reversibly bound to the
antibody binding or combining site of the antibody that is to be administered to a
person. The compound occupies the binding site of the antibody for the antigen
and thereby inhibits binding of the antibody to the antigen. Since the compound
is reversibly bound to the antibody binding site, the antibody is capable of binding

to the antigen against which the antibody is directed.

In one embodiment, the compound that is selected for binding to the antibody
combining site of the antibody is one whereby the antibody avidity for the
compound is less than the antibody avidity for the antigen. In this manner, when
the antibody is initially administered, there will be reduced binding of the
antibody to the antigen, as compared to the binding that would occur in the

absence of the compound, with such binding increasing over time.

Applicant has found that reduction of an antibody response to a therapeutic
antibody can be accomplished by administering an antibody that is capable of

effectively binding to the antigen for producing the desired therapeutic effect,

provided that during the period that immediately follows administration of the

antibody, the amount of the antibody that binds to the antigen is reduced, with

such amount being increased from the reduced amount over time.

12
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Thus, unlike the prior art, in accordance with the invention, an antibody that is
capable of performing its therapeutic function also reduces the immunogenic
immune response against the antibody by initially reducing the amount of the
therapeutic antibody binding to the antigen followed by an increase in the amount

of the therapeutic antibody binding.

The compound that is used for binding to the antibody combining site in a manner

that initially reduces the amount of antibody binding to the antigen may be a

" peptide. " The peptidé may be identical to or different from a corresponding

peptide portion of the antigen to which the therapeutic antibody binds. The
appropriate peptide for an antibody may be selected by testing a panel of peptides
in an inhibition of binding assay with respect to the antibody and its antigen.
These and other procedures should be known to those skilled in the art based on

the teachings herein.

In one embodiment, the antibody combined with the compound has an avidity for
the target antigen that is less than the avidity of the non-modified antibody for the
target antigen. The relative avidity of the modified antibody and the unmodified
antibody may be determined by an inhibition of binding assay using fifty percent
binding inhibition as an end point. A modified antibody has a reduced avidity if
there is an increase in the amount of modified antibody as compared to the
amount of unmodified antibody required to produce-a fifty percent inhibition of

the binding of a labeled unmodified antibody to the target antigen.

13
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The avidity of the modified antibody is reduced in an amount that is effective for
reducing and/or essentially eliminating an antibody response against the antibody
and the modified antibody has an avidity for the target that is effective for

producing the desired therapeutic effect.

By way of non-limiting examples, the modified antibody as compared to the
unmodified antibody has an avidity for the target antigen that is at least 4-fold
less, and in many cases at least 50-fold less or at least 100-fold less than the

avidity of the unmodified antibody for the target antigen.

In one non-limiting embodiment, the compound may inhibit binding of the
modified antibody by providing a modified antibody with a reduced affinity for
the target antigen as compared to the unmodified antibody. In one non-limiting
embodiment, the modified antibody may have an affinity for the antigen to which
it is to be bound that is at least two or at least {ive-fold less than the affinity of the

unmodified antibody.

In many cases, the modified antibody may have an affinity that is at least ten-fold

less or at least 20-fold less or at least 100 fold less than the unmodified antibody.

In one embodiment of the invention, the amount of the modified antibody that is
administered is coordinated with the inhibition of binding of the modified
antibody to the therapeutic target such that during the first 24 hours after
administration the amount of modified antibody that is bound to the target antigen

is less than the amount of modified antibody that is not bound to the target

14
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antigen, with such relative amounts being effective for reducing or eliminiating

the antibody response against the therapeutic antibody.

In many cases, without limiting the present invention, the modified antibody
during the first twenty four hours or in some cases in the first 48 or 72 hours after
administration thereof binds to the target antigen in an amount such that the ratio
of the antibody that is not bound to the target to the antibody that is bound to the

therapeutic target is at least 10:1 and in many cases is at least 50:1 or at least

© 100:1.

The modified antibody is employed in an amount that is effective for both
producing the desired therapeutic effect and for inducing a reduced immune

response against the antibody. In general, without limiting the present invention,

" the modified antibody is administered in an amount such that the quantity of the

antibody administered during the 24-hour period that begins when the antibody is
first administered is at least 50 mg and in general at least 100 mg and more
generally at least 200 mg. The modified therapeutic antibody in many cases is
used in an amount that is greater than the amount of the unmodified form required
to achieve the desired therapeutic effect with such increased amount being used to
provide an amount of modified therapeutic antibody that is not bound to the target
antigen and is effective for reducing and/or essentially eliminating an immune

response against the antibody in the recipient.

Thus, in accordance with an aspect of the present invention, there is a reduced

immune response against a therapeutic antibody by modifying the antibody in a

15
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manner such that the antibody binds to its antigen, in vivo, in a reduced amount
with such amount increasing over time. Applicant has found that a modified
therapeutic antibody can perform its therapeutic function in vivo while also
inducing a reduced immunogenic immune response against the antibody in vivo,
provided that binding of the antibody to its antigen is inhibited or reduced

immediately after administration thereof, with the binding increasing over time.

The therapeutic antibody may be employed in combination with a
pharmaceutically acceptable carrier. The use of a suitable carrier is deemed to be-

within the skill of the art from the teachings herein.

The present invention is also directed to a therapeutic tolerising protein which
comprises a protein having a specific therapeutic effect wherein the protein has a
biologically active site which has been subject to a temporary obstruction which
reduces the binding of the protein for its natural target and wherein following
administration to a host the protein is capable of regenerating sufficient .of a
functionally-competent form of the therapeutic protein to achieve the said
therapeutic effect, whereby the reduction of the binding of the protein for its
natural target renders the modified protein tolerogenic to itself and to its

functionally competent form.

The present invention is also directed to a method of modifying the
pharmacokinetics of a therapeutic antibody or other protein such that its half-life
is extended through longer-term presence as a free monomer. This is

advantageous as a form of “slow release depot” in terms of cumulative doses and

16
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frequency of administration of the therapeutic protein needed to achieve desired
therapeutic effects. In addition it also allows better tumour penetration and
minimises some of the side-effects that follow antibody administration, effects

resulting from immediate and massive accumulation of antibody on target cells.
The following Examples illustrate the invention. In the accompanying drawings:

Figure 1 shows the results of binding studies which show that the form of
CAMPATH-1H, with the mimotope bound by a flexible linker, is not able to bind -
to human T-cell line HUT78 which carries CD52 by comparison with forms of
CAMPATH-1H carrying the linker alone (linker), an irrelevant peptide linked in
the same way (p61-IgG1), the linker with mimétope attached (MIM-IgG1), as
well as aglycosylated (removal of asparagine at position 297 of the H-chain)

forms of the various antibodies (AG etc). It should be noted that AG.MIM-IgG1

form is also non-cell binding, and that the mere insertion of the linker itself

reduces binding of CAMPATH-1H by about 4 fold.

Figure 2 shows a Fluorescent Activated cell Sorter (FACS) dot-plot examining the
binding of CAMPATH-1H antibody on the lymphocytes of CP-1-transgenic mice
given various antibody constructs (0.5mg) intraperitoneally (IP) 3 hours earlier.

Peripheral blood and splenic lymphocytes were stained with an anti-human IgG1

_to show up any accumulated antibody on their surface. In Fig 2A we examined

peripheral blood lymphocytes. Mice treated with the CAMPATH-1H and the AG-
CAMPATH-1H form were very brightly stained, in fact saturated with antibody.

Indeed some depletion of T-cells from the blood is seen at this stage with both
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constructs (4% and 32% of the lymphocytes being CD3+). The p61-IgG1l and
AG-p61-I1gG1 constructs also stain strongly, and achieve some depletion at this
time (13.5% and 23% of the blood lymphocytes being CD3+). Mim-IgG1 stains
the T-cells in the blood, albeit less effectively than the above constructs, and very
little depletion is seen at this stage (65.7% of the lymphocytes are CD3+). Finally,
the AG-MIM-IgG1 binds very weakly to blood lymphocytes and that weak
binding is not associated with any T-cell depletion at this stage. In Fig. 2B
comparable data are presented on splenic lymphocytes. Here we can see that both
MIM-IgG1 and AG-MIM-IgG1 are extremely inefficient at binding and depletion

unlike the other constructs that have achieved around 50% depletion by this stage.

Figure 3 shows that even though the MIM-IgG1l and AG.MIM-IgG1 antibodies
bind poorly to antigen in-vitro, they do bind to CD52+ cells (in CP-1 transgenic
mice) in-vivo. 7 days after the administration of 500ug of each antibody spleen
and blood lymphocytes were analysed by flow cytometry. This figure shows that
AG.MIM-IgG1 has bound to the CD3+ cells of the animal, and that the intensity
of staining is higher than in fig.2. MIM-IgG1 has done the same but clearly some
depletion has taken place as the percentage of CD3+ cells in the animals is less
(1.7% in spleen vs 36.6% for AG.MIM-IgG1; and 16.1% in blood vs 78.9% for

AGMIM-IgG1).

Figure 4 shows the effects, on peripheral blood lymphocyte counts, of treating
mice transgenic for the CAMPATH-1 antigen (CP-1 mice) with different doses of
CAMPATH-1H with (MIM-IgG1) or without the bound mimotope (CAMPATH-

1H)). Peripheral blood lymphocytes (PBL) were analysed by flow cytometry. The
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left column shows the results of mice treated with 1pg to S0pg of anjcibody and
the right column shows the results of the second experiment where animals were
treated with 0.1mg to 0.5mg of antibody. The therapeutic antibody can kill host
lymphocytes within 24 hours at doses down to 5pg/ml whereas the antibody with
mimotope bound is not able to do so with doses up to 250ug/ml. In contrast at 21

days there are clear effects of depletion seen at the 250ug and 500ug doses of
“with mimotope” while with the therapeutic antibody CAMPATH-1H

lymphocytes are beginning to replenish the blood.

Figure 5 shows the immunogenicity of the various antibody constructs in CP-1
transgenic mice. Sera were taken from CP-1 mice treated with different doses of
test antibodies. Sera were collected 21days (expt. A) or 28 days (expt. B) after
administration and assessed for the presence of anti-CAMPATH-1H Abs by
ELISA. Serum samples were diluted 1:20 in PBS 1% BSA and subsequently in
two-fold dilutions. All doses of the therapeutic antibody CAMPATH-1H were
immunogenic, while responses to all other modified forms were much lower
(including p61-IgG1). Remarkably, 500ug of the aglycosylated form with the
mimotope (AG.MIM-IgG1) bound generated absolutely no response whatsoever.
In Fig. B it can be seen that the failure of AG.MIM.IgG1 to immunise is not just
the result of the mutation to remove the glycosylation of the FC region, as AG-
CAMPATH-1H proved very immunogenic. The specificity of the effect for the
mimotope was also clearly established as AG-p61-IgGl was also quite

immunogenic.
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Figure 6A examines the tolerogenicity of the various antibody constructs in CP-1
transgenic mice and shows the results of sera from CPl mice treated with
different doses of Ab at day 0 which were collected 30 days after challenge with 5
daily intraperitoneal injections of 50pg of CAMPATH-1H and assessed for the
presence of anti-CAMPATH-1H Abs by ELISA. Serum samples were diluted
1:20 in phosphate buffered saline (PBS) containing 1% BSA and subsequently
titrated out in twofold dilutions. In the left hand figure mice were left 60 days
before receiving the challenge CAMPATH-1H antibody, while in the right-hand
ﬁgﬁre they were left 21 days. The left figure (Fig 5a) shows that animals pre-
treated with any of 100, 250 or 500pug doses of the mimotope were very impaired
in their humoral response to CAMPATH-1H. This indicates some level of
tolerisation. However, the right hand figure shows that mice were completely
tolerised with the aglycosylated form of the MIM-binding antibody, but only

partially impaired with the antibody binding the irrelevant peptide.

Figure 6B examines the tolerogenic potential of the constructs are repeat boosting
with the challenge antibody CAMPATH-1H. These are the results for the same
animals seen in figure 5A, which had received a further challenge with 5 doses of
50pg CAMPATH-1H antibody at the time of the previous sera collection. Sera
from these animals were then collected 30 days after the rechallenge and analysed

as described in figure 5. The conclusions are similar to those in Fig 6A.

Figures 7 and 8 show the amino acid and nucleotide sequence respectively for the
construct MIM-IgG1 used in the following examples (see also SEQ ID NO 1 and

SEQ ID NO 2 which show the same sequence without annotations).
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Figures 9 and 10 show the nucleotide and amino acid sequence respectively for
the linker used in the following examples (see also SEQ ID NO 3 and SEQ ID NO

4 which show the same sequence without annotations).

Figures 11 and 12 show the nucleotide and amino acid sequence respectively for

P61-IgG1 used in the following examples (see also SEQ ID NO 5 and SEQ ID

NO 6 which show the same sequence without annotations).
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EXAMPLES

MATERIALS AND METHODS

The humanised anti-CD52 antibody CAMPATH-1H was used in the following
experiments. Various constructs were made using the CAMPATH-1H antibody

and the following methodology.

Generation of non-binding variants of CAMPATH-1H.:

The cloning of the V-regions of the humanised antibody CAMPATH-1H specific
for the human CD52 antigen is performed as described in Gilliland et al (1999)
The Journal of Immunology 162:33663-3671. The methodology is based on that
of Orlandi et al., 1989, PNAS 86: 3833, using the polymerase chain recaction
(PCR). The wild-type humanised CAMPATH-1 light chain was cloned into the
vector pGEM 9 (Promega) and used as a PCR template for site—directed

mutagenesis.

A flexible linker (Gly4Ser x 2) was added to the amino-terminal end of the light
chain between the CAMPATH-1H leader sequence and CAMPATH-1H VL
sequence using the oligonucleotide primers PUCSEZ and Link L-3’ + Link-L-
5’and PUCSE REV. The resulting fragments were PCR assembled using primers
PUCSE2 + PUCSE REV to give full length Linker-CP-1H light chain which

could be cloned into expression vector as Hind111/Hind 111 fragment.
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The Linker-CP-1H light chain construct was then used as a PCR template to
generate the CD52 Mimotope QTSSPSAD and P61 SLLPAIVEL peptide
constructs. Primers PUCSE2 and MIM-3° +CD52Mim-5" and PUCSE REV were
used to give Mimotope-CP-1H light chain construct. Primers PUCSE2 and P61-
3’ + HuP61-5" and PUCSE REV were used to give P61-CP-1H light chain

construct.

Linker-CP-1H, Mimotope-CP-1H, P61-CP-1H mutants were transferred to
pBAN-2, a derivative of the pNH316 mammalian expression vector containing
neomycin selection (Page et al. 1991 Biotechnology 9:64-68). and PEE 12 a
mammalian expression vector containing the Glutamine Synthetase gene for

selection Bebbington et al. 1992 Biotechnology 10:169-175.

Subconfluent dhfr” Chinese Hamster Ovary cells (Page et al. 1991 Biotechnology
9:64-68) or NSO mouse myeloma cells (ECACC cat no 8511503, Meth Enzymol
1981, 73B,3) were co-transfected with the light chain mutants and the
CAMPATH-1H heavy chain construct with wild type human IgGl constant
region, aglycosyl human IgG1 constant region and Non FcR binding human IgG1

constant region.
CAMPATH -1H heavy chain constructs were expressed in pRDN-1 a variant of

the pLD9 mammalian expression vector with a dhfr selectable marker (Page et al.

1991 Biotechnology 9:64-68) and PEE 12.
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Transfection was carried out using LipofectAMINE PLUS reagent (Life

Technologies) following the manufacturers recommendations.

Human IgG1 constant was derived from the wild type G1m (1,17) gene described
by Takahashi et al., 1982 Cell 29, 671-679. Aglycosyl mutation at position 297
from asparagine to an alanine residue. Oligosaccharide at Asn-297 is a
characteristic feature of all normal human IgG antibodies (Kabat et al, Sequence
of proteins of immunological interest US Department of Health human services
publication). Substitution of asparagine with alanine prevents the glycosylation of
the antibody (Routledge and Waldman, Transplantation, 1995, 60). Non FcR
binding mutation at position 235 from leucine to alanine and position 237 from
glycine to alanine Xu et al,. 1993 J Immunology 150: 152A. Substitution of
leucine and glycine at positions 235 and 237 prevents complement fixation and

activation.

Heavy and Light chain transfectants are selected for in hypoxanthine free IMDM
containing Img G418 + 5% (v/v) dialysed foetal calf serum. Resulting selected
cells are screen for antibody production by ELISA and for antigen binding to
human T cell clone HUT 78 Gootenberg JE et al. 1981 J. Exp. Med. 154: 1403-

1418 and CD52 transgenic mice.

Cells producing antibody were cloned by limiting dilution, and then expanded into
roller bottles cultures. The immunoglobulin from approximately 15 litres of tissue
culture supernatant from each cell line is purified on protein A, dialysed against

PBS and quantified.
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List of Primers used

PUCSE-2
7
PUCSE REV

LINK-L3'

LINK-LS'

MIM-3'

CD52Mim-5'

P61-3'

HuP61-

5'-CAC AGA TGC GTA AGG AGA AAA TAC-3' (SEQIDNO

5.GCA GTG AGC GCA ACG CAA T-3' (SEQ ID NO 8)
5.GCT TCC GCC TCC ACC GGA TCC GCC ACC TCC TTG
GGA GTG GAC ACC TGT AGC TGT TGC TAC-3' (SEQ ID
NO 9)

5.GGA GGT GGC GGA TCC GGT GGA GGC GGA AGC
GAC ATC CAG ATG ACC CAG AGC CCA AG-3' (SEQ ID
NO 10)

5-GTC TGC TGA TGG GCT GCT GGT TTG GGA GTG GAC
ACC TGT AGC TGT TGC-3' (SEQ IDNO 11)

5.CAA ACC AGC AGC CCA TCA GCA GAC GGA GGT
GGC GGA TCC GGT GGA GGA-3 (SEQID NO 12)

5.CTC CAC GAT TGC TGG CAG CAG GCT TTG GGA GTG
GAC ACC TGT AGC TGT TG-3' (SEQ ID NO 13)

5'-AGC CTG CTG CCA GCA ATC GTG GAG CTG GGA GGT

GGC GGA TCC GGT GGA G-3' (SEQ ID NO 14)

A blocking ligand was based on a published sequence of antibody peptide

mimotope (Hale G 1995 Immunotechnology 1,175-187) and was engineered into

the wild-type CAMPATH-1H antibody as a cDNA sequence with a generic linker

to attach the peptide product to the antibody light chain so as to enable the
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antibody to be secreted with its ligand bound in the antibody combining site. A
similar antibody also had its Fc-region mutated so as to remove the glycosylation

site at position 297.
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CONSTRUCTS/CELL LINES PRODUCED

TF CHO/CP-1H IgG1/MIM and TF NSO/CP-1H 1gG1/MIM (MIM IgG1)

CD52 Mimotope QTSSPSAD tethered to CAMPATH-1H light chain V-region by
flexible Glycine4 Serine x2 Linker + Campath- 1H heavy chain with wild type
human IgG1 constant region. Cloned into Celltech expression vector PEEI2 for
NSO produced antibody and Wellcome pRDN-1 and pBAN-2 expression vectors

for CHO produced antibody.

TF NSO/CP-1H AG IgGU/MIM (AG MIM 1gGl1)

CD52 Mimotope QTSSPSAD tethered to CAMPATH-1H light chain V-region by
flexible Glycine4 Serine x2 Linker + CAMPATH-1H heavy chain Aglycosyl
human IgG1 constant region. Cloned into Celltech expression vector PEE12 for

NSO produced antibody.

TF NSO/CP-1H FCR IgG1/MIM (FeRmutMIM IgG1)

CD52 Mimotope QTSSPSAD tethered to CAMPATH-1H light chain V-region by
flexible Glycine4 Serine x2 Linker + CAMPATH-IH heavy chain FcR-
MUTATED human IgG1 constant region. Cloned into Celltech expression vector

PEE12 for NSO produced antibody.

1F CHO/CP-1H IgG1/Link (Linker)
Flexible Glycine4 Serine x2 Linker only on CAMPATH-1H light chain V-region

+ CAMPATH-1H heavy chain with wild type human IgGl constant region.
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Cloned into Wellcome expression vectors pRDN-1 and pBAN-2 for CHO

produced antibody.

TF CHO/CP-1H 1gG1/P61 .(P61-IEG1)

HILA P61 binding peptide SLLPAIVEL (Hunt et al Science 1992 255 1261-1263)
tethered to CAMPATH-1H light chain V-region by flexible Glycine4 Serine x2
Linker + CAMPATH-1H heavy chain with wild type human IgGl constant
region. Cloned into Wellcome expression vectors pPRDN-1 and pBAN for CHO

produced antibody.

TEF NSO/CP-1H AG [sG1/P61 (AGP6! 12G1)
HLA P61 binding peptide SLLPAIVEL tethered to CAMPATII-11 light chain V-

region by flexible Glycine4 Serine x2 Linker + CAMPATH-1H heavy chain with
aglycosyl human IgG1 constant region. Cloned into Celltech expression vector

PEEI12 for NSO produced antibody.

TF NSO/CP-1H FCR 1gG1/P61 (FcRmut P61 IgG1)

HLA P61 binding peptide SLLPAIVEL tethered to CAMPATH-1H light chain V-
region by flexible Glycine4 Serine x2 Linker + CAMPATH-1H heavy chain with

no FCR human IgGl constant region. Cloned into Celltech expression vector

PEE12 for NSO produced antibody.
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TF CHO/CO-1H IgGl (CAMPATH-1H)

Wild type CAMPATH-1H light chain V-region + CAMPATH-1H heavy chain
with wild type human IgG1 constant region. Cloned into Wellcome expression

vectors pPRDN-1 and pBAN-2 for CHO produced antibody.

T NSO/CP-1H AG TgG1 (AG-IgG1)

Wild type CampathO1H light chain V-region + CAMPATH-1H heavy chain with
aglycosyl human IgG1 constant region. Cloned into Celltech expression vector

PEE12 for NSO produced antibody.

RESULTS

A high dose of the purified, secreted products (CAMPATH-1H, MIM-IgGl,
AGMIM-IgGl) was injected into mice made transgenic for human CDS52
(Gilliland et al ). After one week the antibody could be found binding to cells in
all 3 groups, whereas lymphocyte depletion could only be seen in the

CAMPATH-1H and MIM-IgG1 groups.

Mice were then challenged with the wild-type antibody on multiple occasions and
could mount only poor xenogenic humoral responses, unlike mice which had not
received the tolerogen or mice that had, instead been treated with the wild-type
CAMPATH-1H antibody from the outset. Mice tolerised with the aglycosylated
form of MIM-IgGl (AG.MIM-IgGl) were completely unable to mount a
xenogenic response even after 10 challenge doses of the therapeutic CAMPATH-

1H antibody.
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Figure 1 shows the binding abilities of the various antibody constructs to CD52-
bearing HUT cells. CAMPATH-1H binds with an efficiency approximately 2000
times superior to MIM-IgGl, 5 times than CAMPATH-1H-p61 (both P61-IgG1

and AG.P61-IgG1), and >10,000 times better than AG.MIM-IgG1.

Figure 2 shows a Fluorescent Activated cell Sorter (FACS) dot-plot examining the
binding of CAMPATH-1H antibody on the lymphocytes of CP-1-transgenic mice
given various antibody constructs (0.5mg) intraperitoneally (IP) 3 hours earlier.
Peripheral blood and splenic lymphocytes were stained with an anti-human IgG1
to show up any accumulated antibody on their surface. In Fig 2A we examined
peripheral blood lymphocytes. Mice treated with the CAMPATH-1H and the AG-
MIM-IgG1 form were very brightly stained, in fact saturated with antibody.
Indeed some depletion of T-cells from thé blood is seen at this stage with both
constructs (4% and 32% of the lymphocytes being CD3+). The p61-IgG1 and
AG-p61-IgG1 constructs also stain strongly, and achieve some depletion at this
time (13.5% and 23% of the blood lymphocytes being CD3+). Mim-IgG1 stains
the T-cells in the blood, albeit less effectively than the above constructs, and very
little depletion is seen at this stage (65.7%) of the lymphocytes are CD3+).
Finally, the AG-MIM-IgG1 binds very weakly to blood lymphocytes and that
weak binding is not associated with any T-cell depletion at this stage. In Fig. 2B
comparable data are presented on splenic lymphocytes. Here we can see that both
MIM-IgG1 and AG-MIM-IgG1 are extremely inefficient at binding and depletion

unlike the other constructs that have achieved around 50% depletion by this stage.
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Figure 3 shows that even though the MIM-IgG1l and AG.MIM-IgG1 antibodies
bind poorly to antigen in-vitro, they do bind well to CD52+ cells (in CP-1
transgenic mice) in-vivo. 7 days after the administration of 500ug of each
antibody spleen and blood lymphocytes were analysed by flow cytometry. The
figure shows that AG.MIM-IgG1 has bound to the CD3+ cells of the animal.
MIM-IgG1 has done the same but clearly some depletion has taken place as the
percentage of CD3+ cells in the animals is less (1.7% in spleen vs 36.6% for

AGMIM-IgGl; and 16.1% in blood vs 78.9% for AG.MIM-IgG1)."

Figure 4 shows that mimotope-binding form of CAMPATH-1H (MIM-IgG1) is
lytic for blood lymphocytes. After the first 24 hrs there is only limited cell-
depletion in the blood. However after 7 days it can see that the high doses of
MIM-IgGl1 antibody do eliminate a signiﬁcant number of blood lymphocytes. By
1 month the lymphocyte counts in treated hosts are comparable between the two
forms of antibody at the high doses (250ug and 5001g). The left column (Fig 4A)
shows the level of blood lymphocyte depletion achieved in mice treated with 1pg
to 50pg of antibody. At these doses, the mimotope-binding form did not deplete
while CAMPATH-1H treated animals showed a dose-dependent depletion of T-
cells. In the right column (Fig 4B) CAMPATH-1H shows a fast and efficient
depletion of T-cells, whilst the form with bound mimotope achieved a slower
depletion that at 7 days was not as complete as with CAMPATH-1H treatment,
but was maintained for a longer period. The decrease of hCD52+ cells was not
due to coating of the antigen with the injected antibody as the results were

confirmed by an equivalent decrease of CD4+ and CD8+ cells.
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Figure 5A shows that the mimotope-binding antibody (MIM-IgGl) is poorly
immunogenic, and that the aglycosylated form of CAMPATH-1H mimotope is
not immunogenic at all. Animals treated with CAMPATH-1H had high titres of
anti-CAMPATH-1H Abs, while the titres of mice treated with MIMOTOPE-
bound form are far lower. Animals that received the aglycosylated form of the
mimotope antibody that is not depleting, had no detectable antiglobulin response.
In Fig. 5B it can be seen that the failure of AG.MIM.IgG1 to immunise is not just
the result of the mutation to remove the glycosylation of the FC region, as AG-
CAMPATH-1H proved very immunogenic. The specificity of the effect for the
mimotope was also clearly established as AG-p61-1gGl was also quite

immunogenic.

Figure 6A shows that agylcosylated form of the mimotope-binding CAMPATH-
1H antibody (AG.MIM-IgG1) is profoundly tolerogenic. The animals treated at
day 0 with CAMPATH-1H linked to the control peptide, or the ones that received
no treatment also had high titres of antiglobulin. The mice treated with the
mimotope-binding antibody (MIM-IgG1) had much lower titres of antiglobulin,
while animals that received the aglycoslylated form of the mimotope-binding
antibody (AG.MIM-IgG1) that is not depleting, had no‘ detectable antiglobulin in

the sera.
Figure 6B confirms further that the aglycosylated form of mimotope-binding

CAMPATH-1H (AG.MIM-IgG1) is profoundly tolerogenic. The results from

figure 6B are similar to figure 6A with a larger difference in the antiglobulin titres
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between the groups treated at day 0 with CAMPATH-1H, CAMPATH-1H-p61 or
untreated with those groups treated with the mimotope-binding antibodies. Again there

were no detectable anti-globulins in mice treated with aglycosyl-form (AG.MIM-IgG1).

Numerous modifications and variations of the embodiments described herein are possible
based on the teachings herein; therefore, the scope of the invention is not limited to such

embodiments.

Throughout this specification and the claims which follow, unless the context requires
otherwise, the word "comprise”, and variations such as "comprises" and "comprising", will
be understood to imply the inclusion of a stated integer or step or group of integers or steps

but not the exclusion of any other integer or step or group of integers or steps.

The reference to any prior art in this specification is not, and should not be taken as, an
acknowledgment or any form of suggestion that that prior art forms part of the common

general knowledge in Australia.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A modified therapeutic protein comprising:

a therapeutic protein that binds to a therapeutic target, wherein the activity of said
protein depends on a biologically active site and wherein the activity of this site determines
immunogenicity, said protein being reversibly modified with a compound that inhibits
binding of the protein to the therapeutic target, said modified protein being effective for
reducing an immune response against the protein and for producing a therapeutic effect by

binding to the therapeutic target.

2. The modified therapeutic protein of Claim 1 wherein the therapeutic protein is an

antibody that includes an antibody combining site that binds to the therapeutic target.

3. The modified therapeutic protein of Claim 2 wherein the compound is bound to the

antibody combining site of the antibody.

4. The modified therapeutic protein of Claim 2 or 3 wherein the compound is linked

to the antibody.

5. The modified therapeutic protein of Claim 3 or 4 wherein the compound is a

peptide.

6. The modified therapeutic protein of Claim 5 wherein the avidity of the modified
antibody combined with the peptide is at least 4 fold less than the avidity of the

unmodified antibody.

7. The modified therapeutic protein of Claim 6 wherein the antibody is an

aglycosylated antibody.

8. The modified therapeutic protein of Claim 7 wherein only one of the chains of the

antibody has a peptide linked thereto that binds to the antibody combining site.
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9. The modified therapeutic protein of Claim 8 wherein the modified antibody has an
avidity for the target that is at least 100 fold less than the avidity of the unmodified
antibody for the target.

10.  The modified therapeutic protein of Claim 3 wherein the compound is reversibly
bound to the antibody combining site, whereby the amount of antibody that binds to the

target increases as the compound is displaced from the antibody combining site.

11.  The modified therapeutic protein of Claim 10 wherein the compound bound to the

antibody combining site is also linked to the antibody.

12.  The modified therapeutic protein of Claim 11 wherein the compound is a peptide.

13. The modified therapeutic protein of Claim 12 wherein the Fc portion of the
antibody is aglycosylated.

14.  The modified therapeutic protein of Claim 12 wherein binding of the antibody to

the Fc receptor is essentially eliminated.

15. The modified therapeutic protein of Claim 11 wherein the antibody is a non-human

antibody.

16.  The modified therapeutic protein of Claim 11 wherein the antibody is a chimeric

antibody.

17. A modified therapeutic antibody having an antibody combining site for a
therapeutic target, said modified therapeutic antibody having a compound reversibly bound
to the antibody combining site whereby said target competes for and displaces the
compound from the antibody binding site, said compound inhibiting binding of the
antibody to the therapeutic target, said modified antibody initially binding to the target in
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an amount that is lower than the unmodified antibody, with said binding to the target
increasing as a result of compound being displaced from the antibody binding site as the

antibody becomes bound to the target.

18. A process for treating a mammal, comprising administering to a mammal the
modified therapeutic protein of any of Claims 1 to 17 in an amount effective to both treat
the mammal and essentially eliminate an antibody response against the pharmaceutical

protein.

19. A process for treating a mammal according to Claim 18 wherein the treatment is of
a disease selected from the group consisting of cancer, rheumatoid arthritis, diabetes,
psoriasis, multiple sclerosis, systemic lupus, asthma, myocardial infarction, stroke and

infectious diseases.

20. A pharmaceutical composition comprising a modified therapeutic protein of any of
Claims 1 to 17.

21. A modified therapeutic protein of any of Claims 1 to 17 for use in therapy.

22. A modified therapeutic protein of any of Claims 1 to 17 for use in treating a disease
selected from the group consisting of cancer, rheumatoid arthritis, diabetes, psoriasis,
multiple sclerosis, systemic lupus, asthma, myocardial infarction, stroke and infectious

diseases.

23.  Use of a modified therapeutic protein as claimed in any of the Claims 1 to 17 for

the manufacture of a pharmaceutical composition for treating a mammal.
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24. A modified therapeutic protein according to Claims 1 to 16; a modified therapeutic
antibody according to Claim 17; a process according to Claims 18 and 19, and a
pharmaceutical composition according to Claim 20 substantially as hereinbefore described

with reference to the Figures and Examples.

Dated this 16™ day of May, 2005
ISIS INNOVATION LIMITED

By Its Patent Attorneys
DAVIES COLLISON CAVE
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Comparison of the potency of CAMPATH-1H and MIM-igG1

to deplete lymphocytes in vivo.
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Comparison of the immunogenicity of CAMPATH-1H, MIM-IgG1
and AG-MIM-1gG1.
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Comparison of the tolerogenic capacity of
CAMPATH-1H, MIM-IlgG1 and AG-MIM-lgG1.
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MIM Linker
1 SLALQLLSTQ DLTMGWSCII LFLVATATGYV HS QTSSPSAD GGGGSGGGGS

CDR1
51 DIQMTQSPSS LSASVGDRVT ITCKASQONID KYL NWYQQKP GKAPKLLIY N

CDR2 CDR3
101 TNNLQT GVPS RFSGSGSGTD FTFTISSLQP EDIATYYC LQ HISRPRTEGQ

Light chain constant region
151 GTKVEIKTVA APSVFIFPPS DEQLKSGTAS VVCLLNNEFYP REAKVQWKVD

201 NALQSGNSQE SVTEQDSKDS TYSLSSTLTL SKADYEKHKV YACEVTHQGL

251 SSPVTKSENR GEC*KL

Figure 7: Peptide sequence of: CD52 MIM / CP-1H Lightchain
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H
i
E B n
c a d
o m I
R H I
I I I

GAATTCGAGCTCGGTACCCGGGGATCCTCTAGAGTCGACCTGCAGGCATGC AAGCTTGGC
————————— e m e e e e e

CTTAAGCTCGAGCCATGGGCCCCTAGGAGATCTCAGCTGGEACGTCCGTACGTTCGAACCG
N S §$ §s VP GDU®PILEJSTCRUHEAS LA -
Start CP-1L Leader sequence
TCTACAGTTACTGAGCACACAGGACCTCACC QEQGGATGGAGCTGTATCATCCTCTTCTT
AT TCAA TG TOOTOTOTOOT GO TOOTACCCTACCTCOACA TAGTAGGAGRAGAA

L ¢ L L $S T¢DL T MSGWSCTITITILVFTUL -

Mimotope Gly4Serx2
GGTAGCAACAGCTACAGGTGTCCACTC CCAAACCAGCAGCCCCTCAGCAGA CGGAGGTGG
--------- A e Tt S

CCATCGTTGTCGATGTCCACAGGTGAGGGTTTGGTCGTCGGGGAGTCGTCTGCCTCCACC

v a2 T A T GV HS Q T S S P S8 A DG G G

Linker

CGGATCCGGTGGAGGCGGAAG CGACATCCAGATGACCCAGAGCCCAAGCAGCCTGAGCGC
————————— . et D 2
GCCTAGGCCACCTCCGCCTTCGCTGTAGGTCTACTGEGGTCTCGGGTTCGTCGGACTCGCG

G S G 6 GGG S DI oM T QS P S S L S A -

CDR1
CAGCGTGGGTGACAGAGTGACCATCAC CTGTAAAGCAAGTCAGAATATTGACAAATACTT
————————— fomm e e e}
GTCGCACCCACTGTCTCACTGGTAGTGGACATTTCGTTCAGTCTTATAACTGTTTATGAA

s V¢DRVTTITT GCI KA AT ST QNTIDIE KT YTL -
CDR2
AAACTGGTACCAGCAGAAGCCAGGTAAGGCTCCARAGCTGCTGATCTA CAATACAAACAA
ORI OGTOT OGO TOC AT OOAA GG I TCOACOACTAGA T TTA T TTTGTT
N W Y Q Q K P G KA P XL L I Y NTNN -
TTTGCAAAC GGGTGTGCCRAGCAGATTCAGCGGTAGCGGTAGCGGTACCGACTTCACCTT
R e e S

L Q T 6 VP S RF S G S G S GG T DU F T F -

SUBSTITUTE SHEET (RULE 26)
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CDR3

CACCATCAGCAGCCTCCAGCCAGAGGACATCGCCACCTACTACT GCTTGCAGCATATAAG
————————— R B
GTGGTAGTCGTCGGAGGTCGGTCTCCTGTAGCGGTGGATGATGACGAACGTCGTATATTC

b T I §$ S L Q P E D I A T Y Y CUTL Q H I 8§ -

TAGGCCGCGCAC GTTCGGCCAAGGGACCAAGGTGGAAATCARRACTGTGGCTGCACCATC
————————— T s et DU e B e
ATCCGGCGCGTGCAAGCCGGTTCCCTGGTTCCACCTTTAGTTTTGACACCGACGTGGTAG

b R PR TTFGO QG GTJ KV VETLITZ KTV VAATP S -
Light chain constant region
TGTCTTCATCTTCCCGCCATCTGATGAGCAGTTGARATCTGGAACTGCCTCTGTTGTGTG
ACAAAGTAGAAGEOCOGTAGACTACTC ETCARCT TTAGACOTTGACGGACACAACACAS

b v F I FPPSDETG QTLTZ KT ST GTA ASUVVC -
CCTGCTGAATAACTTCTATCCCAGAGAGGCCAMAGTACAGTGGAAGGTGGATAACGCCCT
COACGACTTATTCARGATAGETCTCTOCCE T TCATETCACCTTCCACCTATTGCGGRA

b L L NNTF Y P REA ATZ KT YVOQ®WZE KV VODNATL -
CCAATCGGGTAACTCCCAGGAGAGTGTCACAGAGCAGGACAGCAAGGACAGCACCTACAG
TR ORI ORGSO T OAGA G T TCTOOTC T IO TCOT O TOTORTORRTOT

b O s 6N SQESVTEOQTDTSTE KT DSTTYS -
CCTCAGCAGCACCCTGACGCTGAGCARAGCAGACTACGAGARACACAAAGTCTACGCCTG
____________________________________ LTI
GGAGTCGTCéTGGGACTGCEACTCGTTTCgTCTGATGCTCTTTGTGTTTZAGATGCGGAZ

b L §$ s TZLTJL S KATDYTETZ KT HTE KT YVYATCC -
CGAAGTCACCCATCAGGGCCTGAGCTCGCCCGTCACARAGAGCTTCAACAGGGGAGAGTG
SoTTORGTOeR AT GO CTOGAGC A TOT TTCTORAAGTTETCOOATOTONS

b E V T H O G L § s p VT K S F NI RGE C -

HoHH S Py

TTA GAAGCTT

AATCTTCGAA
b * K L -
Figure 8: Nucleotide sequence of CD52Mim-CP1lL variable region + constant
region
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H
i
n
d
I
T
I Start
AAGCTTGGCTCTACAGTTACTGAGCACACAGGACCTCACC ATGGGATGGAGCTGTATCAT
- B it Fommmm pommmm e Fmmmm e +--

TTCGAACCGAGATGTCAATGACTCGTGTGTCCTGGAGTGGTACCCTACCTCGACATAGTA

b s L AL @ L L § T QQ bL TMGW S C I I -
CP-11L Leader sequence Gly4Serx2 Linker
CCTCTTCTTGGTAGCARACAGCTACAGGTGTCCACTCCC AAGGAGGTGGCGGATCCGETGG
————————— T et e e e TS Sttt b bt S

GGAGAAGAACCATCGTIGTCGATGTCCACAGGTGAGGGTTCCTCCACCGCCTAGGCCACC
b L F L v A T ATSGV HS QGGG G S5 G G -
AGGCGGAAG CGACATCCAGATGACCCAGAGCCCAAGCAGCCTGAGCGCCAGCGTGGGTGA

————————— B It Anttett o
TCCGCCTTCGCTGTAGGTCTACTGGGTCTCGGGTTCGTCGGACTCGCGGTCGCACCCACT

b G ¢S DI QMTO QSTZPS SILSASVYVG D =
CDR1
CAGAGTGACCATCAC CTGTAAAGCAAGTCAGAATATTGACAAATACTT AAACTGGTACCA
_________ J.___._—.—_-..—.L._.-.-....._.____.L.———-——-—-———+—————-————-+——.———————+

GTCTCACTGGTAGTGGACATTTCGTTCAGTCTTATAACTGTTTATGAATTTGACCATGGT

b R VvV T I T ¢ XK A S QN I DX Y L N WY Q -
CDR2
GCAGAAGCCAGGTAAGGCTCCAAAGCTGCTGATCTA CAATACAAACAATTTGCAAAC GGG
————————— B T T R i e R

CGTCTTCGGTCCATTCCGAGGTTTCGACGACTAGATGTTATGTTTGTTAAACGTTTGCCC

b Q K P G KA P KILULTIUYNTNWNILOGQTG -

TGTGCCAAGCAGATTCAGCGGTAGCGGTAGCGGTACCGACTTCACCTTCACCATCAGCAG
————————— e e
ACACGGTTCGTCTAAGTCGCCATCGCCATCGCCATGGCTGAAGTGGAAGTGGTAGTCGETC

b vV P $S R F 8 G §$ G s ¢ T Db &g TV FTTI S8 8§ -
CDR3
CCTCCAGCCAGAGGACATCGCCACCTACTACT GCTTGCAGCATATAAGTAGGCCGCGCAC
————————— e s Tt s S L

GGAGGTCGGTCTCCTGTAGCGGTGGATGATGACGAACGICGTATATTCATCCGGCGCGTG

SUBSTITUTE SHEET (RULE 26)
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L ¢ P EDTIATY Y CULQHI S RPRT

GTTCGGCCAAGGGACCAAGGTGGAAATCAAACGAACTGTGGCTGCACCATCTGTCTTCAT
————————— e et S A &
CAAGCCGGTTCCCTGGTTCCACCTTTAGTTTGCTTGACACCGACGTGGTAGACAGAAGTA

F G Q 6T KV E I K R TV AA P § V F I
Light chain constant region

CTTCCCGCCATCTGATGAGCAGTTGAAATCTGGAACTGCCTCTGTTGTGTGCCTGCTGAA
AN SO aa T ARG TR TS TAACTTTAGACOT TGA COCAGACARCACACGGACSACTT
F P P S DE QL K S GTASVV CUL L N
TAACTTCTATCCCAGAGAGGCCAAAGTACAGTGGAAGGTGGATAACGCCCTCCAATCGGE
AT CARGA TGO TOTO T GaT TTCATETCACOTTOCACCTAT TGO GACAGETTAGCCC
N F Y P R EAI KV QW KV DNA ATILIQ S G
TAACTCCCAGGAGAGTGTCACAGAGCAGGACAGCAAGGACAGCACCTACAGCCTCAGCAG
AT OACaOT eI TR TGO T O TS T T O TG TCCTAGAT ST GRAGTORTC
N 8§ Q E S V T E @@ b s KD s T Y 5 L 8 8§
CACCCTGACGCTGCAGCARAGCAGACTACGAGARACACARAGTCTACGCCTGCGAAGTCAC
————————— R ittt T e s Attt e ettt o

GTGGGACTGCGACTCGTTICGTCTGATGCTCTTTGTGTTTCAGATGCGGACGCTTCAGTG

T L. T L §$ K A D Y E K H KV Y A C&E V T

H
i
n
d )
I
I
I
CCATCAGGGCCTGAGCTCGCCCGTCACAAAGAGCTTCAACAGGGGAGAGTGTTAGRAGCT
————————— e e e e e ]

GGTAGTCCCGGACTCGAGCGGGCAGTGTTTCTCGAAGTTGTCCCCTCTCACAATCTITCGA

H Q G L S S PV T K S F NI RGEC* KL

Figure 9 :Nucleotide sequence of linker-CP-1L variable region + constant region
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Linker
1 VSLALQLLST QDLTMGWSCI ILFLVATATG VHSQ GGGGSG GGGS DIOMTQ

CDR1 CDR2
51 SPSSLSASVG DRVT ITCKAS ONIDKYL NWY QQKPGKAPKL LIY NTNNLQT

CDR3
101 GVPSREFSGSG SGTIDFTETIS SLQPEDIAT ¥ YCLQHISRPR T FGQGTKVEI

Light chain constant region
151 KRTVAAPSVF IFPPSDEQLK SGTASVVCLL NNFYPREAKV QWKVDNALQS

201 GNSQESVTEQ DSKDSTYSLS STLTLSKADY EKHKVYACEV THQGLSSPVT

251 KSFNRGEC*K LCSRLEEFVDE LPIVS

Figure 10 : Peptide sequence of linker-CP-1H light chain
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HHHQD P

Start
GCATCACTAGT AAGCTT GGCTCTACAGTTACTGAGCACACAGGACCTCACCATGGGATGG

e Fomm e ——— o ————— Fomm o — - Fmm
CGTAGTGATCATTCGAACCGAGATGTCAATGACTCGTGTGTCCTGGAGTGGTACCCTACC

c A §$ L vV 5 L AL Q L L §$ T Q DL T M G- W -
CP-1L Leader Segquence HLA P61l
AGCTGTATCATCCTCTTCTTGGTAGCAACAGCTACAGGTGTCCACTCCCAAAGCCTGCTG
e Fmmmmmm e e ettt e R T ———

TCGACATAGTAGGAGAAGAACCATCGTTGTCGATGTCCACAGGTGAGGGTTTCGGACGAC
lod s ¢ 1 I L F L VA TATZ GV H S Q S L L -

Gly4Serx2 Linker
CCAGCAATCGTGGAGCT GGGAGGTGGCGGATCCGGTGGAGGCGGAAG CGACATCCAGATG
Fomm o frmm—————— Fomm oo o ——— Fommm
GGTCGTTAGCACCTCGACCCTCCACCGCCTAGGCCACCTCCGCCTTCGCTGTAGGTCTAC

c P A I VEL GG G G 8 G GG G GG s b I QM -
CDR1
ACCCAGAGCCCAAGCAGCCTGAGCGCCAGCGTGGGTGACAGAGTGACCATCACCTGTAAA
R e R o o R

TGGGTCTCGGGTTCGTCGGACTCGCGGTCGCACCCACTGTCTCACTGGTAGTGGACATTT
c T Q $S P $§$ $ L s A §8 VvV DRV TTITCK -
GCAAGTCAGAATATTGACAAATACTT AARACTGGTACCAGCAGAAGCCAGGTAAGGCTCCA

R — e S — Fomm R fmmmm—————
CGTTCAGTCTTATAACTGT TTATGAAT TTGACCATGGTCGTCTTCGGTCCATTCCGAGGT

c A S Q NI DK Y L N WY Q QXK P G XK AP -
CDR2
AAGCTGCTGATCTA CAATACAAACAATTTGCAAAC GGGTGTGCCAAGCAGATTCAGCGGT
mmmmm o o B — B Fommmmm R e

TTCGACGACTAGATGTTATGTTTGTTARACGTTTGCCCACACGGTTCGTCTAAGTCGCCA

c K L L I ¥YNTNWUNUILOQT G V P S R F S G -

AGCGGTAGCGGTACCGACTTCACCTTCACCATCAGCAGCCTCCAGCCAGAGGACATCGCC
e Fommm e ommmmmmmm B e R

SUBSTITUTE SHEET (RULE 26)
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TCGCCATCGCCATGGCTGAAGTGGAAGTGGTAGTCGTCGGAGGTCGGTCTCCTGTAGCGG

s ¢ s GTDUVFTU FTTI S S L QP EDTI A -
CDR3
ACCTACTACT GCTTGCAGCATATAAGTAGGCCGCGCAC GTTCGGCCAAGGGACCAAGGTG

Fomm— e Fomm Fo——m———— Fomm Fomm e

TGGATGATGACGAACGTCGTATATTCATCCGGCGCGTGCAAGCCGGTTCCCTGGTTCCAC

Light chain constant region
T ¥ ¥ ¢ L Q H I 8 R P R T F G Q G T K V -

GARATCARACGAACTGTGGCTGCACCATCTGTCTTCATCTTCCCGCCATCTGATGAGCAG

tmmmm et o fommm et Frmmmm o

CTTTAGTTTGCTTGACACCGACGTGGTAGACAGAAGTAGAAGGGCGGTAGACTACTCGTC
E I K R T Vv A A P 3 VvV F I F P P S§ D E Q -

TTGAAATCTGGAACTGCCTCTGTTGTGTGCCTGCTGAATAACTTCTATCCCAGAGAGGCC

T e et fmmmmmm o mmm b

AACTTTAGACCTTGACGGAGACAACACACGCGACGACTTATTGAAGATAGGGTCTCTCCGG
L K §$S G T A SV vV CULLNWNU FY PRE A -

AAAGTACAGTGGAAGGTGGATAACGCCCTCCARTCGGGTAACTCCCAGGAGAGTGTCACA

Fmm pommm Fom Fomm Fmmmmm e e

TTTCATGTCACCTTCCACCTATTGCGGGAGGTTAGCCCATTGAGGGTCCTCTCACAGTGT
K V. Q W K VvV DN AL Q S G N S QE S VT -

GAGCAGGACAGCAAGGACAGCACCTACAGCCTCAGCAGCACCCTGACGCTGAGCAAAGCA

Fmmm e o e Frmm—————— Fmmm e Fom———

CTCGTCCTGTCGTTCCTGTCGTGGATGTCGGAGTCGTCGTGGGACTGCGACTCGTTICGT
E ¢ DS K DS T Y s L s $ T L TTUL S K A -

GACTACGAGAAACACARAGTCTACGCCTGCGAAGTCACCCATCAGGGCCTGAGCTCGCCC

o Tt e E R Fmmmmmm o

CTGATGCTCTTTGTGTTTCAGATGCGGACGCTTCAGTGGGTAGTCCCGGACTCGAGCGGG

D Y E KHK VY ACEUV T HOQGUL S S8 P -
Hind 111

GTCACAAAGAGCTTCAACAGGGGAGAGTGTTAG AAGCTT TG

e S R S +

CAGTGTTTCTCGAAGTTGTCCCCTCTCACAATCTTCGARAAC

v T K S F N R GETC * K L -

Figure 11: Nucleotide sequence of P61-CP 1L variable region + constant region
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STQDLTMGWS CIILFLVATA

HLA-P61 Linker CDR1
TGVHSQSLLP AIVEL GGGGS GGGGS DIQMT QSPSSLSASV GDRVT ITCKA

CDR2
SONIDKYL NW YQOKPGKAPK LLIY NINNLQ T GVPSRFSGS GSGIDETETI

CDR3
SST.QPEDIAT YYCLOHISRP RT FGOGTKVE IKRTVAAPSV FIFPPSDEQL

Light chain constant region
KSGTASVVCL LNNFYPREAK VOWKVDNALQ SGNSQESVTE QDSKDSTYSL

SSTLTLSKAD YEKHKVYACE VTHQGLSSPV TKSFNRGEC* KLCSRLEFVD

ELPIVSRI*R P

Figure 12 : Peptide sequence of p61-L2.seq check: 678 from: 1 to: 1085(assembly of
P61 linked to CP1H L-chain in pGEMY)
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SEQUENCE LISTING

<110> Isis Innovation Ltd.
<120> Therapeutic Antibodies
<130> JIM/G15589W0O
<160> 14

<170> Patentln version 3.0

<210> 1

<211> 266

<212> PRT

<213> synthetic construct
<220>

<221> misc_feature
<222> (264)..(264)
<223> Stop codon (TAG)

<400> 1

Ser Leu Ala Leu Gln Leu Leu Ser Thr Gln Asp Leu Thr Met Gly Trp
1 5 10 15

Ser Cys Ile Ile Leu Phe Leu Val Ala Thr Ala Thr Gly Val His Ser
20 25 30

Gln Thr Ser Ser Pro Ser Ala Asp Gly Gly Gly Gly Ser Gly Gly Gly
35 40 45

Gly Ser Asp Ile Gln Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser
50 55 60

Val Gly Asp Arg Val Thr Ile Thr Cys Lys Ala Ser Gln Asn Ile Asp
65 70 75 30

Lys Tyr Leu Asn Trp Tyr GIn Gln Lys Pro Gly Lys Ala Pro Lys Leu
85 90 95

Leu Ile Tyr Asn Thr Asn Asn Leu Gln Thr Gly Val Pro Ser Arg Phe
100 105 110

Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Phe Thr Ile Ser Ser Leu
115 120 125

Gln Pro Glu Asp Ile Ala Thr Tyr Tyr Cys Leu Gln His Ile Ser Arg
130 135 140

Pro Arg Thr Phe Gly Gln Gly Thr Lys Val Glu Ile Lys Thr Val Ala
145 150 155 160

34
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Ala Pro Ser Val Phe Ile Phe Pro Pro Ser Asp Glu Gin Leu Lys Ser
165 170 175

Gly Thr Ala Ser Val Val Cys Leu Leu Asn Asn Phe Tyr Pro Arg Glu
180 185 190

Ala Lys Val Gln Trp Lys Val Asp Asn Ala Leu Gln Ser Gly Asn Ser
195 200 ‘ 205

GIn Glu Ser Val Thr Glu Gln Asp Ser Lys Asp Ser Thr Tyr Ser Leu
210 215 220

Ser Ser Thr Leu Thr Leu Ser Lys Ala Asp Tyr Glu Lys His Lys Val
225 230 235 240

Tyr Ala Cys Glu Val Thr His Gln Gly Leu Ser Ser Pro Val Thr Lys™ ~
245 250 255

Ser Phe Asn Arg Gly Glu Cys Xaa Lys Leu
260 265

<210> 2

<211> 850

<212> DNA

<213> synthetic construct

<400> 2

gaattcgage teggtacceg gggatectet agagtegace tgeaggeatg caagettgge
tctacagtta ctgagcacac aggacctecac catgggatgg agctgtatca tectettett
ggtagcaaca getacaggtg tccactccca aaccageage coctcageag acggaggteg
cggatceggt ggaggcggaa gegacatcea gatgacccag ageccaagcea gectgagege
cagegtgggt gacagagtga ccatcacctg taaageaagt cagaatattg acaaatactt
aaactggtac cagcagaagc caggtaagge iccaaagcetg ctgatctaca atacaaacaa
ttigcaaacg ggtgtgccaa geagaticag cggtageggt ageggtaceg acttcacctt
caccatcagc agectccage cagaggacat cgecacctac tactgettge ageatataag
taggccgege acgticggece aagggaccaa ggtggaaate aaaactgtgg ctgeaccate

tgtcttcate ticccgecat ctgatgagea gttgaaatct ggaactgect ctgttgigte

cctgctgaat aacttctatc ccagagagge caadgtacag tggaaggtgg ataacgecct

35
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ccaatcgggt aactcccagg agagtgtcac agageaggac ageaaggaca geacctacag
ccteageage accctgacge tgagcaaage agactacgag aaacacaaag tctacgectg

cgaagtcacc catcagggcce tgagetcgee cgtcacaaag agcettcaaca ggggagagtg

ttagaagctt

<210> 3

<211> 780

<212> DNA

<213> synthetic construct

<400> 3

aagettggct ctacagttac tgageacaca ggacctcace atgggatgga getgtatcat

cctettettg gtageaacag ctacaggtgt cecacteccaa ggaggtggeg gatceggtgg

aggcggaage gacatccaga tgacceagag cccaageage ctgagegeca gegtgggtga

cagagtgacc atcacctgta aagceaagtca gaatattgac aaatacttaa actggtacca
gcagaagcecea ggtaaggetc caaagetget gatctacaat acaaacaatt tgcaaacggg
tgtgccaage agattcageg gtageggtag cggtaccgac ttcaccttea ccatcageag
cctecageca gaggacateg ceacctacta ctgetigeag catataagta ggeegegeac
gttcggccaa gggaccaagg tggaaatcaa acgaactgtg getgeaccat ctgtetteat
cticcegeca tetgatgage agttgaaate tggaactgec tetgttgigt geetgetgaa
taacttctat cccagagagg ccaaagtaca gtggaaggtg gataacgcecc tccaateggg
taactcceag gagagtgtea cagagcagga cagcaaggac ageacctaca gectcageag
caccctgacg ctgagcaaag cagactacga gaaacacaaa gtctacgect gegaagtcac
ccatcagggc ctgagetcge cegtcacaaa gagettcaac aggggagagt gttagaagcet
<210> 4

<211> 275

<212> PRT
<213> synthetic construct
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<220>

<221> misc_feature
<222> (259)..(259)
<223> Stop codon (TAG)

<400> 4

Val Ser Leu Ala Leu Gln Leu Leu Ser Thr Gln Asp Leu Thr Met Gly
1 5 10 15

Trp Ser Cys lle Ile Leu Phe Leu Val Ala Thr Ala Thr Gly Val His
20 25 30

Ser Gln Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser Asp Ile Gln Met
35 40 45

Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val Gly Asp Arg Val Thr
50 55 60

Ile Thr Cys Lys Ala Ser Gln Asn Ile Asp Lys Tyr Leu Asn Trp Tyr
65 70 75 80

Gln Gln Lys Pro Gly Lys Ala Pro Lys Leu Leu Ile Tyr Asn Thr Asn
85 90 95

Asn Leu Gln Thr Gly Val Pro Ser Arg Phe Ser Gly Ser Gly Ser Gly
100 105 110

Thr Asp Phe Thr Phe Thr Ile Ser Ser Leu Gin Pro Glu Asp lle Ala
115 120 125

Thr Tyr Tyr Cys Leu Gln His Ile Ser Arg Pro Arg Thr Phe Gly Gln
130 135 140

Gly Thr Lys Val Glu Ile Lys Arg Thr Val Ala Ala Pro Ser Val Phe
145 150 155 160

Ile Phe Pro Pro Ser Asp Glu Gln Leu Lys Ser Gly Thr Ala Ser Val
165 170 175

Val Cys Leu Leu Asn Asn Phe Tyr Pro Arg Glu Ala Lys Val Gln Trp
180 185 190

Lys Val Asp Asn Ala Leu Gln Ser Gly Asn Ser Gln Glu Ser Val Thr
195 200 205

Glu Gln Asp Ser Lys Asp Ser Thr Tyr Ser Leu Ser Ser Thr Leu Thr
210 215 220
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Leu Ser Lys Ala Asp Tyr Glu Lys His Lys Val Tyr Ala Cys Glu Val

225 230 235 240
Thr His GIn Gly Leu Ser Ser Pro Val Thr Lys Ser Phe Asn Arg Gly
245 250 255
Glu Cys Xaa Lys Leu Cys Ser Arg Leu Glu Phe Val Asp Glu Leu Pro
260 265 270
Ile Val Ser
275
<210> 5
<211> 821
<212> DNA

<213> synthetic construct:

<400> 5

geatcactag taagettgge tctacagtta ctgageacac aggaccteac catgggatgg
agctgtatca tcetetictt ggtageaaca getacaggtg tecactecca aagectgetg
ccagcaatcg tggagetggg aggtggegga tecggtgegag geggaagega catccagatg
acccagagee caageagect gagegecage gtggetgaca gagtgaccat cacctgtaaa
gcaagtcaga atattgacaa atacttaaac tggtaccage agaagccagg taaggcteca
aagctgetga tctacaatac aaacaatttg caaacgggtg tgccaageag attcageggt
ageggtageg gtaccgactt caccticace atcagecagec tccagecaga géacatcgcc
acctactact gcttgeagea tataagtagg cegegeacgt teggecaagg gaccaaggte
gaaatcaaac gaactgtgge tgeaccatcet gicttcatet tecegeeate tgatgageag
ttgaaatetg gaactgectc tgttgtgtge ctgetgaata acttetatee cagagaggece
aaagtacagt ggaaggtgga taacgecctc caatcgggta actccecagga gagtgtcaéa
gageaggaca gcaaggacag cacctacage ctcageagcea ccetgacget gagcaaagea

gactacgaga aacacaaagt ctacgcctge gaagtcacee atcagggect gagetegeee

gtcacaaaga gcttcaacag gggagagtgt tagaagcettt g
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<210> 6

<211> 281

<212> PRT

<213> synthetic construct

<220>

<221> misc_feature
<222> (260)..(260)
<223> Stop codon (TAG)

<220>

<221> misc_feature
<222> (279)..279)
<223> Stop codon (TAG)

<400> 6

Ser Thr GIn Asp Leu Thr Met Gly Trp Ser Cys Ile Ile Leu Phe Leu
1 5 10 15

Val Ala Thr Ala Thr Gly Val His Ser Gln Ser Leu Leu Pro Ala [le
20 25 30

Val Glu Leu Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser Asp Ile Gln
35 40 ‘ 45

Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val Gly Asp Arg Val
50 55 60

Thr Ile Thr Cys Lys Ala Ser Gln Asn Ile Asp Lys Tyr Leu Asn Trp
65 70 75 80

Tyr Gln Gln Lys Pro Gly Lys Ala Pro Lys Leu Leu Ile Tyr Asn Thr
85 90 95

Asn Asn Leu Gln Thr Gly Val Pro Ser Arg Phe Ser Gly Ser Gly Ser
100 105 110

Gly Thr Asp Phe Thr Phe Thr Ile Ser Ser Leu Gln Pro Glu Asp Ile
115 120 125

Ala Thr Tyr Tyr Cys Leu Gln His Ile Ser Arg Pro Arg Thr Phe Gly
130 135 © 140

Gln Gly Thr Lys Val Glu Ile Lys Arg Thr Val Ala Ala Pro Ser Val
145 150 155 160

Phe Ile Phe Pro Pro Ser Asp Glu Gln Leu Lys Ser Gly Thr Ala Ser
165 170 175
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Val Val Cys Leu Leu Asn Asn Phe Tyr Pro Arg Glu Ala Lys Val Gln
180 185 190

Trp Lys Val Asp Asn Ala Leu Gln Ser Gly Asn Ser Gln Glu Ser Val
195 200 205

Thr Glu GIn Asp Ser Lys Asp Ser Thr Tyr Ser Leu Ser Ser Thr Leu
210 215 220

Thr Leu Ser Lys Ala Asp Tyr Glu Lys His Lys Val Tyr Ala Cys Glu
225 230 235 240

Val Thr His Gln Gly Leu Ser Ser Pro Val Thr Lys Ser Phe Asn Arg
245 250 255

Gly Glu Cys Xaa Lys Leu Cys Ser Arg Leu Glu Phe Val Asp Glu Leu
T260 T 265 270

Pro Ile Val Ser Arg Ile Xaa Arg Pro
275 280

<210> 7

<211> 24

<212> DNA

<213> gynthetic construct

<400> 7

cacagatgceg taaggagaaa atac 24
<210> 8

<211> 19

<212> DNA

<213> synthetic construct

<400> 8

gcagtgagceg caacgcaat 19
<210> 9

<211> 60

<212> DNA

<213> gsynthetic construct

<400> 9

gettcegect ccaccggate cgecacetee ttgggagtgg acacctgtag ctgttgetac 60
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<210> 10

<211> 56

<212> DNA

<213> synthetic construct

<400> 10

ggaggtggcg gatccggtgg aggeggaage gacath_aga tgacccagag cccaag

<210> 11

<211> 48

<212> DNA

<213> synthetic construct

<400> 11

gtctgetgat gggcetgetgg tttgggagty gacacctgta getgttge - 48

<210> 12

<211> 48

<212> DNA

<213> synthetic construct

<400> 12

caaaccagca geccatcage agacggaggt ggcggateeg gtggagga

<210> 13

<211> 50

<212> DNA

<213> synthetic construct

<400> 13

PCT/GB01/04518

56

48

ctccacgatt getggeagea ggcetttggga gtggacacct gtagetgttg 50

<210> 14

<211> 49

<212> DNA

<213> synthetic construct

<400> 14

agectgctge cageaatcgt ggagetggga ggtggeggat ccggtogap

41
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