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Description

[0001] The present invention relates to the treatment
of malignancies using a combined therapeutic approach.
The invention makes use of vascular targeting antibodies
fused to IL-2 and anti-CTLA-4 antibodies. In accordance
with the invention, the antibodies are administered se-
quentially to a subject.

Introduction

[0002] Cytotoxic T lymphocyte associated antigen-4
(CTLA-4), which is a well-established negative regulator
of the T cell response and is also known as CD152, is
critical for the maintenance of T cell homeostasis and
self-tolerance. The mechanisms by which CTLA-4 exerts
its immune inhibitory function are multifaceted and can
occur directly via conventional effector T cells or indirectly
via regulatory T cells.
[0003] CTLA-4 is homologous to the co-stimulatory
molecule CD28 and shares the same ligands, CD80
(B7.1) and CD86 (B7.2), which are expressed on the sur-
face of antigen presenting cells (APCs). However, differ-
ential binding of CD80/CD86 on APCs to CD28 and CT-
LA-4 on effector T cells leads to opposing outcomes, with
CD28 triggering T cell activation and CTLA-4 causing T
cell inhibition. One mechanism by which CTLA-4 may
induce T cell inhibition involves recruitment of the phos-
phatases SHP-1 and PP2A to the vicinity of the TCR in
the immune synapse. This recruitment may result in de-
phosphorylation of the signalling molecules within the
TCR complex and consequent termination of T cell acti-
vation.
[0004] Cancer immunotherapy relies on the ability of
the immune system to target tumor specific antigens to
generate an immune response. This initial response re-
quires both binding of the MHC/antigen peptide to T-cell
receptor complex along with a second co-stimulatory sig-
nal created by the binding of CD28 on the T cell with B7
located on the antigen presenting cell (Sharpe, A. H. and
Abbas, A. K. (2006) N Engl J Med, 355, 973-975.). Reg-
ulatory checkpoints, such as cytotoxic T-lymphocyte-as-
sociated antigen-4 (CTLA-4), serve to attenuate this sig-
nal, thereby preventing autoimmunity. CTLA-4 provides
a potent inhibitory signal to the immune response that
dampens lymphocyte activation (Ribas, A. (2007) Up-
date CancerTher, 2, 133-139; Walunas, et al., (1994) Im-
munity, 1, 405-413).
[0005] Its key role in regulating the immune system
has made CTLA-4 an attractive therapeutic target for
cancer, with the development of fully human monoclonal
antibodies that block CTLA-4. Anti-CTLA-4 monoclonal
antibodies such as ipilimumab result in the blockade of
CTLA-4 signalling, thereby prolonging T-cell activation,
restoring T-cell proliferation, and thus amplifying T-cell
mediated immunity (Peggs et al., (2007) Update Cancer
Ther, 2, 133-139). Promising preclinical data in mouse
models led to the investigation of two fully human mon-

oclonal anti-CTLA-4 antibodies in patients with advanced
melanoma. Tremelimumab (an IgG2 antibody) and ipili-
mumab (an IgG1 antibody) have been investigated in
phase II and III trials in patients with metastatic melano-
ma. Ipilimumab was approved by FDA in March 2011 as
a second line treatment for advanced melanoma.
[0006] The compounds were administered either as
monotherapy or in combination with peptide vaccines,
dacarbazine chemotherapy or following whole-cell vac-
cination strategies. These trials achieved initial encour-
aging results of 6-21% clinical response rates. However,
grade III and IV inflammatory toxicities were observed.
[0007] Interleukin-2 (IL-2), a four a helix bundle proin-
flammatory cytokine (WO01/062298) produced by T
helper 1 cells, plays an essential role in the activation
phases of both specific and natural immune responses
(Taniguchi et al. Cell 73 : 5-8, 1993). IL-2 promotes pro-
liferation and differentiation of activated T and B lym-
phocytes and of natural killer (NK) cells, and induces cy-
totoxic T cell (CTL) activity and NK/lymphokine activated
killer (LAK) antitumor cytotoxicity. IL-2 has been used in
immunotherapy approaches of several human tumours
(Rosenberg J. Clin. Oncol. 10 : 180-199, 1992). Admin-
istration of recombinant IL-2 (rIL2) alone or in combina-
tion with adoptively transferred lymphoid cells has result-
ed in the regression of established tumours in both animal
models and patients.
[0008] However, its in vivo therapeutic efficacy is lim-
ited by its rapid clearance and, at high doses, by a severe
toxicity mainly related to a vascular leak syndrome
(Siegel and Puri, (1991) J. Clin. Oncol. 9 : 694-704). De-
livery of IL-2 to the tumor site by means of an antibody
directed against a cell-surface tumor marker may allow
achievement of active local concentrations of IL-2, as
well as reducing toxicities associated to systemic admin-
istration (Lode et al. Pharmacol. Ther. 80 : 277-292,
1998).
[0009] The anti-CTLA-4 antibody ipilimumab has been
combined with high dose IL-2 in a Phase I/II study. There
were 8 objective responders (3 complete and 5 partial)
out of 36 patients (22%). The authors concluded that this
data did not seem to support a synergistic effect of IL-2
and anti-CTLA-4 antibodies, since treatment with either
agent alone could obtain the observed response rate, or
it could be an additive effect (Maker, et al., (2005) Ann
Surg Oncol, 12, 1005-1016.). Ipilimumab is marketed by
BMS as Yervoy, and is approved for melanoma.
[0010] Another anti-CTLA-4 antibody is available,
tremelimumab (Pfizer). This antibody is in development
for melanoma and other cancers.
[0011] The L19 antibody, specific to the alternatively-
spliced extradomain B of fibronectin (EDB), a marker of
angiogenesis (WO99/058570) (Neri, D. and Bicknell, R.
(2005) Nat Rev Cancer, 5, 436-446; Schliemann, C. and
Neri, D. (2007) Biochim Biophys Acta, 1776, 175-192) is
one of the most validated vascular targeting agents, hav-
ing been studied alone and as antibody derivative in
many biodistribution and therapy studies, in animal mod-
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els of cancer and in patients (Santimaria, et al. (2003)
Clin Cancer Res, 9, 571-579; Sauer, et al. (2009) Blood,
113, 2265-2274).
[0012] L19-IL2 is a recombinant fusion protein com-
posed of the human antibody fragment scFv(L19) fused
to human IL-2. Recombinant IL-2, or Proleukin ™ (No-
vartis) has been approved in the EU for the treatment of
renal cell carcinoma (RCC) and in the United States for
the treatment of RCC and melanoma. The potency of
L19-IL2 is equivalent to the potency of IL-2.
[0013] The therapeutic performance of L19-IL2 has
been extensively tested in various mouse models of can-
cer, including transplanted pancreatic and liver tumours
("orthotopic" models) (Carnemolla, et al., (2002) Blood,
99, 1659-1665, Menrad, A. and Menssen, H. D. (2005)
Expert Opin Ther Targets, 9, 491-500, Schliemann, et
al., (2009) Blood, 113, 2275-2283, Wagner, et al., (2008)
Clin Cancer Res, 14, 4951-4960). In rodent models, L19-
IL2 exhibited a preferential uptake around newly formed
blood-vessels, with tumor-to-blood ratios of up to 30-to-
1 as soon as 24 hours after injection whereas IL-2 fused
to antibodies of irrelevant specificity did not exhibit pref-
erential uptake in the tumor mass (Carnemolla, et al.,
(2002) Blood, 99, 1659-1665).
[0014] L19-IL2 is currently investigated in Phase I and
II clinical trials for different malignancies (Johannsen, et
al. (2010) Eur J Cancer, 46, 2926-2935) with a main focus
in metastatic melanoma.
[0015] Similar to L19-IL2, other IL-2-based immunocy-
tokines have been developed. F16-IL2 is composed of
the human antibody F16 in scFv format fused to IL-2
(WO06/050834). F16 binds to the domain A1 of Tenascin
C (Brack, et al., (2006). Clin Cancer Res, 12, 3200-3208).
The immunocytokine F8-IL2 is composed of the human
antibody F8, specific to extradomain A of fibronectin, and
IL-2 (Frey, et al., (2010) J Urol, 184, 2540-2548; Villa, et
al., (2008) Int J Cancer, 122, 2405-2413).
[0016] The rationale for the development of these prod-
ucts derives from the observation that F16-IL2 and F8-
IL2 have exhibited selective localization at tumor sites in
certain animal models of cancer. In particular, the F16
antibody appears to react more with tissue sections of
head and neck cancer, breast cancer and lung cancer
compared to the L19 antibody (Frey, et al., 2010, Marlind,
et al., (2008) Clin Cancer Res, 14, 6515-6524, Pedretti,
et al., (2009) Lung Cancer, 64, 28-33).
[0017] It has been previously been shown in F9 tera-
tocarcinoma bearing mice that combination of IL12-L19
with an anti-CTLA-4 antibody was clearly more effective
than single agent treatment (Halin, et al., (2003) Cancer
Res, 63, 3202-3210). However, the combination of L19-
IL2 and anti-CTLA-4 has never been tested before.

Summary of the Invention

[0018] The invention is defined by the claims. We have
shown that combination therapy with a vascular targeting
antibody fused to IL-2 and an anti-CTLA-4 antibody has

a synergistic effect in the treatment of tumours. In the
invention, a synergistic effect is associated with sequen-
tial use of the two antibodies, in which the anti-CTLA-4
antibody is administered before the IL-2 conjugate.
[0019] In a first aspect, therefore, there is provided a
blocking ligand specific for CTLA-4 and a vascular tar-
geting ligand/IL-2 complex, for sequential use in inhibiting
the growth of tumour cells.
[0020] CTLA-4 is understood responsible for attenuat-
ing the T-cell mediated immune response; in the immune
synapse, CD28 upregulates, whilst CTLA-4 downregu-
lates, T-cell expansion. Accordingly, the ligand specific
for CTLA-4 is capable of blocking CTLA-4, or otherwise
preventing activation of CTLA-4 and thus preventing
downregulation of T-cell expansion. CTLA-4 blocking lig-
ands are known, and include antibodies specific for CT-
LA-4 and RNA aptamers specific for CTLA-4. Other lig-
ands, such as CD80 and CD86, bind to CTLA-4 and are
responsible for activating CTLA-4 and potentiating its ac-
tivity in downregulation of T-cell proliferation. The block-
ing ligand specific for CTLA-4 is an antibody, specific for
CTLA-4.
[0021] Antibodies which block CTLA-4 include ipilimu-
mab and tremelimumab, as well as 9H10 (eBioScience,
San Diego, CA) and other anti-CTLA-4 antibodies which
are available in the art.
[0022] In one embodiment, the vascular targeting lig-
and is selected an antibody. Vascular targeting has been
described in the art for the treatment of cancer. Approach-
es suitable for use in the present invention include the
use of antibodies, peptides, RNA aptamers and growth
factors such as VEGF-A.
[0023] In one embodiment, the vascular targeting lig-
and is an antibody. the antibody may be an antibody frag-
ment, as described below, such as a scFv.
[0024] Markers which are expressed in tumour vascu-
lature include for example MHC class II, VCAM-I, fi-
bronectin, the prostate-specific membrane antigen, the
VEGF receptor, CD44-related antigen (TES-23), and the
like. IL-2 can be complexed with a vascular targeting lig-
and according to known techniques, for example as de-
scribed in WO01/62298. The vascular targeting ligand is
specific for the alternatively spliced extradomain B of fi-
bronectin. In one embodiment, the vascular targeting lig-
and/IL-2 complex is L19-IL2 (Carnemolla, et al., (2002)
Blood, 99, 1659-1665, Menrad, A. and Menssen, H. D.
(2005) Expert Opin Ther Targets, 9, 491-500, Schlie-
mann, et al., (2009) Blood, 113, 2275-2283, Wagner, et
al., (2008) Clin Cancer Res, 14, 4951-4960).
[0025] The order of administration of the ligands has
an effect on the therapeutic potential of the ligands de-
scribed in the present invention. Although tumour growth
retardation is observed when the ligands are adminis-
tered, in either order, a reduction in tumour mass is only
observed when the ligand specific for CTLA-4 is admin-
istered before the vascular targeting ligand/IL-2 complex.
[0026] In one embodiment, therefore, the tumour cells
are part of a solid tumour, and treatment results in reduc-
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tion in tumour size.
[0027] The timing of the administration may be chosen
according to empirically-determined criteria; in one em-
bodiment, however, the ligand specific for CTLA-4 is ad-
ministered one day before the vascular targeting lig-
and/IL-2 complex.
[0028] Ina further embodiment, the administration of
both the ligand specific for CTLA-4 and the vascular tar-
geting ligand/IL-2 complex is repeated.
[0029] For example, the repeat administrations occur
four days apart.
[0030] In a second aspect, the invention relates to a
method for inhibiting the growth of a tumour cell, com-
prising contacting said cell with a ligand specific for CT-
LA-4 and a vascular targeting ligand/IL-2 complex ac-
cording to the first aspect of the invention.

Description of the Figures

[0031]

Figure 1: Treatment schedule. 5 groups of mice re-
ceived injections on day 6/7 and 10/11 after tumor
implantation. In the first combination group anti-CT-
LA-4 treatment was administered 1 day before L19-
IL2 (Combo anti-CTLA-4), whereas in the second
combination group L19-IL2 was given first (Combo
L19-IL2).

Figure 2: Therapy results. A) No therapeutic effect
could be observed with the anti-CTLA-4 antibody
alone (not shown). L19-IL2 and the two combination
groups showed long lasting tumor growth retarda-
tion. B) At day 22 after tumor implantation the aver-
age tumor size in the Combo CTLA-4 group was
clearly reduced (50%) compared to the L19-IL2 mon-
otherapy and the Combo L19-IL2 group.

Detailed Description of the Invention

[0032] Unless otherwise stated, all technical and sci-
entific terms used herein have the same meanings as
commonly understood by one of ordinary skill in the art
to which this invention belongs. Any methods and mate-
rials with similar or equivalent function to those described
herein can be used in the practice or testing of the present
invention. Methods, devices, and materials suitable for
such uses are now described. All publications cited here-
in are incorporated herein by reference in their entirety
for the purpose of describing and disclosing the method-
ologies, reagents, and tools reported in the publications
that might be used in connection with the invention.
[0033] The methods and techniques of the present ap-
plication are generally performed according to conven-
tional methods well known to those of skill in the art and
as described in various general and more specific refer-
ences that are cited and discussed throughout the
present specification unless otherwise indicated. Such

techniques are explained fully in the literature. See, e.g.,
Gennaro, A. R., ed. (1990) Remington’s Pharmaceutical
Sciences, 18th ed., Mack Publishing Co.; Hardman, J.
G., Limbird, L. E., and Gilman, A. G., eds. (2001) The
Pharmacological Basis of Therapeutics, 10th ed., Mc-
Graw-Hill Co.; Colowick, S. et al., eds., Methods In En-
zymology, Academic Press, Inc.; Weir, D. M. , and Black-
well, C. C., eds. (1986) Handbook of Experimental Im-
munology, Vols. I-IV, Blackwell Scientific Publications;
Maniatis, T. et al., eds. (1989) Molecular Cloning: A Lab-
oratory Manual, 2nd edition, Vols. I-III, Cold Spring Har-
bor Laboratory Press; Ausubel, F. M. et al., eds. (1999)
Short Protocols in Molecular Biology, 4th edition, John
Wiley & Sons; Ream et al., eds. (1998) Molecular Biology
Techniques: An Intensive Laboratory Course, Academic
Press; Newton, C. R., and Graham, A., eds. (1997) PCR
(Introduction to Biotechniques Series), 2nd ed., Springer-
Verlag.
[0034] A "ligand" according to the invention is any mol-
ecule that binds to a target. In the specific context for the
invention, ligands are provided which bind to CTLA-4 and
to a vascular target, such as fibronectin. Ligands may be
antibodies, peptides, nucleic acids, proteins (such as
growth factors), and the like, which have the desired prop-
erty of binding to a specific target, such as an antigen or
a receptor. Ligands may comprise antibody and non-an-
tibody ligands in any combination. For example, the CT-
LA-4 ligand may be an anti-CTLA-4 antibody, and the
vascular targeting ligand may be the L19 antibody. The
L19 antibody is described, for example, in WO01/62298
or Pini et al., (1998) J. Biol. Chem. 273:21769-21776.
[0035] A "blocking" ligand is one that attenuates, as
opposed to potentiates, the activity of CTLA-4. For ex-
ample, a ligand such as CD80 potentiates the activity of
CTLA-4, but an anti-CTLA-4 antibody blocks CTLA-4.
[0036] A ligand, in one embodiment, binds to a target
specifically. Specific binding is the ability to bind to the
cognate target with a higher degree of affinity and/or avid-
ity that to other targets. As such, ligands may be members
of a specific binding pair, made up of the ligand and its
cognate target. Ligands may also be referred to as spe-
cific binding members, for instance as in WO01/62298.
[0037] A "ligand/IL-2 complex" is a complex comprising
a ligand and IL-2. IL-2 may be conjugated to the ligand
by any known means, but in one embodiment is conju-
gated using a peptide bond and can be constructed as
a fusion protein with the ligand. In one embodiment, IL-
2 can be substituted with another proinflammatory cy-
tokine, such as IL-1, IL-6, TNFα, IL-12, Interferons, IL-
15 and KGF-1.
[0038] The term "antibody", unless indicated other-
wise, is used to refer to entire antibodies as well as an-
tigen-binding fragments of such antibodies. For example,
the term encompasses four-chain IgG molecules, as well
as antibody fragments.
[0039] As used herein, the term "antibody fragments"
refers to portions of an intact full length antibody - such
as an antigen binding or variable region of the intact an-
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tibody. Examples of antibody fragments include Fab,
Fab’, F(ab’)2, and Fv fragments; diabodies; linear anti-
bodies; single-chain antibody molecules (e.g., scFv);
multispecific antibody fragments such as bispecific, tris-
pecific, and multispecific antibodies (e.g., diabodies, tri-
abodies, tetrabodies); binding-domain immunoglobulin
fusion proteins; camelized antibodies; minibodies;
chelating recombinant antibodies; tribodies or bibodies;
intrabodies; nanobodies; small modular immunopharma-
ceuticals (SMIP), VHH containing antibodies; and any oth-
er polypeptides formed from antibody fragments, for ex-
ample as further described below.
[0040] Antibodies may be of any class, such as IgG,
IgA or IgM; and of any subclass, such as IgG1 or IgG4.
Different classes and subclasses of immunoglobulin
have different properties, which may be advantageous
in different applications.
[0041] Specificity, in the context of the present inven-
tion, requires that the claimed antibody be capable of
selectively binding its defined cognate antigen, which is
either CTLA-4 or a vascular target.
[0042] An "aptamer" is a nucleic acid molecule or a
polypeptide which is capable of binding to a specific tar-
get. Aptamers can be derived by selection, for instance
by the SELEX procedure.
[0043] "Nucleic acids" as referred to herein typically
include DNA molecules which encode the antibodies of
the invention. Preferred are expression vectors, which
are suitable for expressing the antibody genes in a host
cell. Expression vectors and host cells for antibody gene
expression are known in the art; see, for example, Mor-
row, K.J. (2008) Genetic Engineering & Biotechnolo-
gyNews. (June 15, 2008) 28(12), and Backliwal, G., et
al. (2008) Nucleic Acids Res. 36(15): e96-e96.
[0044] "CTLA-4", as used herein, refers to mammalian
CTLA-4. The sequence of human CTLA-4 can be found
in GenBank, Accession number AAH74893.1,
GI:49904741. Mammalian CTLA-4 can be selected from
rodent, such as mouse, or human CTLA-4. Anti-CTLA-4
antibodies are known in the art, and available commer-
cially.
[0045] Vascular targets or markers are, in one embod-
iment, targets such as antigens or receptors that are se-
lectively up-regulated in tumour versus normal endothe-
lial cells. See, for example, Thorpe, P.E., (2004) Clin.
Cancer Res. 10:415-427. In one embodiment, the vas-
cular target or marker is fibronectin, for example the
extradomain B of fibronectin.
[0046] Tumour cells targeted by ligands according to
the invention may be any tumour cells, but in one em-
bodiment are cells which are part of a solid tumour. The
tumour may be any solid tumour, including without limi-
tation any one or more of the following : melanoma, neu-
roblastoma, colorectal carcinoma, renal carcinoma, lung,
carcinoma, lung metastasis, breast carcinoma, high-
grade astrocytoma (grade III, grade IV), meningioma and
angioma.
[0047] Sequential use is the administration of the lig-

ands according to the invention separately, in sequence,
rather than together. In some embodiments, the ligands
are administered according to a defined administration
schedule. A day, as understood in the context of timing
of administration, is about 24 hours. For example if two
agents are administered a day apart, they may be ad-
ministered at the same time of day, 24 hours apart. How-
ever, variations in the exact timing may be permissible,
and for example a day may be as little as 12 hours, or
as much as 36 hours.
[0048] For example, the two different ligands accord-
ing to the invention may be administered between 12 and
24 hours apart, such as 12, 13, 14, 15, 16, 17, 18, 19,
20, 21, 22, 23 or 24 hours apart.
[0049] In one embodiment, the two different ligands
according to the invention may be administered between
24 and48 hours apart, such as 24, 25, 26, 27, 28, 29, 30,
31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45,
46, 47 or 48 hours apart.
[0050] Repeated administration is the administration
of a ligand according to the invention more than once.
For instance, an anti-CTLA-4 antibody may be adminis-
tered at intervals of, for example, 1 or more days, such
as 2, 3, 4, 5 or 6 days. In one embodiment, the anti-CTLA-
4 antibody is administered repeatedly at an interval of 4
days. The vascular targeting ligand/IL-2 complex may be
administered at the same, or a different, interval, sepa-
rated from the anti-CTLA-4 ligand according to the sched-
ule of administration as determined for sequential use.

1. Antibodies

[0051] The invention encompasses antigen-binding
fragments of the antibodies set forth in the claims. Frag-
ments of antibodies according to the invention are capa-
ble of binding the CTLA-4 or to a vascular marker. They
encompass Fab, Fab’, F(ab’)2, and F(v) fragments, or
the individual light or heavy chain variable regions or por-
tion thereof. Fragments include, for example, Fab, Fab’,
F(ab’)2, Fv and scFv. These fragments lack the Fc portion
of an intact antibody, clear more rapidly from the circu-
lation, and can have less non-specific tissue binding than
an intact antibody. These fragments can be produced
from intact antibodies using well known methods, for ex-
ample by proteolytic cleavage with enzymes such as pa-
pain (to produce Fab fragments) or pepsin (to produce
F(ab’)2 fragments).
[0052] The antibodies and fragments also encompass
single-chain antibody fragments (scFv) that bind to CT-
LA-4 or a vascular marker. An scFv comprises an anti-
body heavy chain variable region (VH) operably linked to
an antibody light chain variable region (VL) wherein the
heavy chain variable region and the light chain variable
region, together or individually, form a binding site that
binds αβTCR. An scFv may comprise a VH region at the
amino-terminal end and a VL region at the carboxy-ter-
minal end. Alternatively, scFv may comprise a VL region
at the amino-terminal end and a VH region at the carboxy-
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terminal end.
[0053] Furthermore, although the two domains of the
Fv fragment, VL and VH, are coded for by separate
genes, they can be joined, using recombinant methods,
by a synthetic linker that enables them to be made as a
single protein chain in which the VL and VH regions pair
to form monovalent molecules (known as single chain Fv
(scFv)). An scFv may optionally further comprise a
polypeptide linker between the heavy chain variable re-
gion and the light chain variable region.
[0054] The antibodies and fragments also encompass
domain antibody (dAb) fragments as described in Ward,
E.S. et al. (1989) Nature 341:544-546 which consist of a
VH domain. The antibodies and fragments also encom-
pass heavy chain antibodies (HCAb). These antibodies
are reported to form antigen-binding regions using only
heavy chain variable region, in that these functional an-
tibodies are dimers of heavy chains only (referred to as
"heavy-chain antibodies" or "HCAbs"). Accordingly, an-
tibodies and fragments may be heavy chain antibodies
(HCAb) that specifically bind to CTLA-4 or a vascular
marker. The antibodies and fragments also encompass
antibodies that are SMIPs or binding domain immu-
noglobulin fusion proteins specific for CTLA-4 or a vas-
cular marker. These constructs are single-chain polypep-
tides comprising antigen-binding domains fused to im-
munoglobulin domains necessary to carry out antibody
effector functions (see, WO 2005/017148).
[0055] The antibodies and fragments also encompass
diabodies. These are bivalent antibodies in which VH and
VL domains are expressed on a single polypeptide chain,
but using a linker that is too short to allow for pairing
between the two domains on the same chain. This forces
the domains to pair with complementary domains of an-
other chain and thereby creates two antigen-binding sites
(see, for example, WO 93/11161). Diabodies can be bis-
pecific or monospecific.
[0056] The antibody or antibody fragment thereof ac-
cording to the invention does not cross-react with any
target other than CTLA-4 or a vascular marker.
[0057] The antibody or fragment thereof may be mod-
ified in order to increase its serum half-life, for example,
by adding molecules - such as PEG or other water soluble
polymers, including polysaccharide polymers to increase
the half-life.
[0058] The antibodies and fragments thereof may be
bispecific. For example, bispecific antibodies may re-
semble single antibodies (or antibody fragments) but
have two different antigen binding sites (variable re-
gions). Bispecific antibodies can be produced by various
methods - such as chemical techniques, "polydoma"
techniques or recombinant DNA techniques. Bispecific
antibodies may have binding specificities for at least two
different epitopes, at least one of which is CTLA-4 or a
vascular marker. The other specificity may be selected
from any useful specificities, including for example spe-
cificity for human serum albumin for the extension of half-
life in vivo.

[0059] In one embodiment, a bispecific antibody may
be constructed in which a first specificity is directed to a
vascular marker, and a second specificity to IL-2, thus
providing a complex comprising a ligand specific for a
vascular marker, and IL-2.
[0060] The L-19 antibody is described above. In one
embodiment, the antibody specific for a vascular marker
is the L19 antibody.
[0061] The anti-CTLA-4 antibody may be any of the
anti-CTLA-4 antibodies described herein. Anti-CTLA-4
antibodies have bee reviewed in the literature, for exam-
ple in Melero et al., (2007) Nature Reviews Cancer,
7:95-106. Human and other mammalian anti-CTLA-4 an-
tibodies are also available from commercial suppliers,
such as Novus Biologicals (Littleton, CO, USA), Millipore
(Billerica, MA, USA), eBioscience (San Diego, CA, USA)
and the like.

2. Antibody production

[0062] Antibodies useful in the present invention may
be obtained from commercial sources. However, it is also
possible to produce antibodies using method which are
well known in the art. Antibody production techniques
include production in transgenic organisms such as goats
(see Pollock et al. (1999) J. Immunol. Methods
231:147-157), chickens (see Morrow, K.J.J. (2000)
Genet. Eng. News 20:1-55), mice (see Pollock et al., su-
pra) or plants (see Doran, P.M. (2000) Curr. Opinion Bi-
otechnol. 11:199-204, Ma. J.K-C. (1998) Nat. Med.
4:601-606, Baez, J. et al. (2000) BioPharm. 13:50-54,
Stoger, E. et al. (2000) Plant Mol. Biol. 42:583-590). An-
tibodies may also be produced by chemical synthesis or
by expression of genes encoding the antibodies in host
cells.
[0063] A polynucleotide encoding the antibody is iso-
lated and inserted into a replicable construct or vector
such as a plasmid for further propagation or expression
in a host cell. Constructs or vectors (e.g., expression vec-
tors) suitable for the expression of a humanized immu-
noglobulin according to the invention are available in the
art. A variety of vectors are available, including vectors
which are maintained in single copy or multiple copies in
a host cell, or which become integrated into the host cell’s
chromosome(s). The constructs or vectors can be intro-
duced into a suitable host cell, and cells which express
a humanized immunoglobulin can be produced and
maintained in culture. A single vector or multiple vectors
can be used for the expression of a humanized immu-
noglobulin. Polynucleotides encoding the antibody are
readily isolated and sequenced using conventional pro-
cedures (e.g., oligonucleotide probes). Vectors that may
be used include plasmid, virus, phage, transposons, min-
ichromsomes of which plasmids are a typical embodi-
ment. Generally such vectors further include a signal se-
quence, origin of replication, one or more marker genes,
an enhancer element, a promoter and transcription ter-
mination sequences operably linked to the light and/or
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heavy chain polynucleotide so as to facilitate expression.
Polynucleotides encoding the light and heavy chains may
be inserted into separate vectors and introduced (e.g.,
by transformation, transfection, electroporation or trans-
duction) into the same host cell concurrently or sequen-
tially or, if desired both the heavy chain and light chain
can be inserted into the same vector prior to such intro-
duction. A promoter can be provided for expression in a
suitable host cell. Promoters can be constitutive or in-
ducible. For example, a promoter can be operably linked
to a nucleic acid encoding a humanized immunoglobulin
or immunoglobulin chain, such that it directs expression
of the encoded polypeptide. A variety of suitable promot-
ers for prokaryotic and eukaryotic hosts are available.
Prokaryotic promoters include lac, tac, T3, T7 promoters
for E. coli; 3-phosphoglycerate kinase or other glycolytic
enzymes e.g., enolase, glyceralderhyde 3-phosphate
dehydrogenase, hexokinase, pyruvate decarboxylase,
phosphofructokinase, glucose 6 phosphate isomerase,
3-phosphoglycerate mutase and glucokinase. Eukaryo-
tic promoters include inducible yeast promoters such as
alcohol dehydrogenase 2, isocytochrome C, acid phos-
phatase, metallothionein and enzymes responsible for
nitrogen metabolism or maltose/galactose utilization;
RNA polymerase II promoters including viral promoters
such as polyoma, fowlpox and adenoviruses (e.g., ade-
novirus 2), bovine papilloma virus, avian sarcoma virus,
cytomegalovirus (in particular the immediate early gene
promoter), retrovirus, hepatitis B virus, actin, rous sarco-
ma virus (RSV) promoter and the early or late Simian
virus 40 and non-viral promoters such as EF-1 alpha (Mi-
zushima and Nagata (1990) Nucleic Acids Res.
18(17):5322). Those of skill in the art will be able to select
the appropriate promoter for expressing a humanized an-
tibody or portion thereof of the invention.
[0064] Where appropriate, e.g., for expression in cells
of higher eukaroytes, additional enhancer elements can
be included instead of or as well as those found located
in the promoters described above. Suitable mammalian
enhancer sequences include enhancer elements from
globin, elastase, albumin, fetoprotein, metallothionine
and insulin. Alternatively, one may use an enhancer el-
ement from a eukaroytic cell virus such as SV40 enhanc-
er, cytomegalovirus early promoter enhancer, polyoma
enhancer, baculoviral enhancer or murine IgG2a locus
(see WO 04/009823). Whilst such enhancers are typical-
ly located on the vector at a site upstream to the promoter,
they can also be located elsewhere e.g., within the un-
translated region or downstream of the polyadenylation
signal. The choice and positioning of enhancer may be
based upon compatibility with the host cell used for ex-
pression.
[0065] In addition, the vectors (e.g., expression vec-
tors) typically comprise a selectable marker for selection
of host cells carrying the vector, and, in the case of a
replicable vector, an origin of replication. Genes encod-
ing products which confer antibiotic or drug resistance
are common selectable markers and may be used in

prokaryotic (e.g., f3-lactamase gene (ampicillin resist-
ance), Tet gene (tetracycline resistance) and eukaryotic
cells (e.g., neomycin (G418 or geneticin), gpt (mycophe-
nolic acid), ampicillin, or hygromycin resistance genes).
Dihydrofolate reductase marker genes permit selection
with methotrexate in a variety of hosts. Genes encoding
the gene product of auxotrophic markers of the host (e.g.,
LEU2, URA3, HIS3) are often used as selectable markers
in yeast. Use of viral (e.g., baculovirus) or phage vectors,
and vectors which are capable of integrating into the ge-
nome of the host cell, such as retroviral vectors, are also
contemplated.
[0066] In eukaryotic systems, polyadenylation and ter-
mination signals are operably linked to polynucleotide
encoding the antibody of this invention. Such signals are
typically placed 3’ of the open reading frame. In mam-
malian systems, non-limiting examples of polyadenyla-
tion/termination signals include those derived from
growth hormones, elongation factor-1 alpha and viral
(e.g., SV40) genes or retroviral long terminal repeats. In
yeast systems, non-limiting examples of polydenyla-
tion/termination signals include those derived from the
phosphoglycerate kinase (PGK) and the alcohol dehy-
drogenase 1 (ADH) genes. In prokaryotic systems poly-
adenylation signals are typically not required and it is
instead usual to employ shorter and more defined termi-
nator sequences. The choice of polyadenylation/termi-
nation sequences may be based upon compatibility with
the host cell used for expression. In addition to the above,
other features that can be employed to enhance yields
include chromatin remodeling elements, introns and
host-cell specific codon modification. The codon usage
of the antibody of this invention thereof can be modified
to accommodate codon bias of the host cell such to aug-
ment transcript and/or product yield (e.g., Hoekema, A.
et al. (1987) Mol. Cell Biol. 7(8):2914-24). The choice of
codons may be based upon compatibility with the host
cell used for expression.
[0067] The invention thus relates to isolated nucleic
acid molecules that encode the humanized immunoglob-
ulins, or heavy or light chains, thereof, of this invention.
The invention also relates to isolated nucleic acid mole-
cules that encode an antigen-binding portion of the im-
munoglobulins and their chains.
[0068] The antibodies according to this invention can
be produced, for example, by the expression of one or
more recombinant nucleic acids encoding the antibody
in a suitable host cell. The host cell can be produced
using any suitable method. For example, the expression
constructs (e.g., one or more vectors, e.g., a mammalian
cell expression vector) described herein can be intro-
duced into a suitable host cell, and the resulting cell can
be maintained (e.g., in culture, in an animal, in a plant)
under conditions suitable for expression of the con-
struct(s) or vector(s). Host cells can be prokaryotic, in-
cluding bacterial cells such as E. coli (e.g., strain DH5a™)
(Invitrogen, Carlsbad, CA), PerC6 (Crucell, Leiden, NL)
B. subtilis and/or other suitable bacteria; eukaryotic cells,
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such as fungal or yeast cells (e.g., Pichia pastoris, As-
pergillus sp., Saccharomyces cerevisiae, Schizosaccha-
romyces pombe, Neurospora crassa), or other lower eu-
karyotic cells, and cells of higher eukaryotes such as
those from insects (e.g., Drosophila Schnieder S2 cells,
Sf9 insect cells) (WO 94/126087 (O’Connor)), BTI-TN-
5B1-4 (High Five™) insect cells (Invitrogen), mammals
(e.g., COS cells, such as COS-1 (ATCC Accession No.
CRL-1650) and COS-7 (ATCC Accession No. CRL-
1651), CHO (e.g., ATCC Accession No. CRL-9096),
CHO DG44 (Urlaub, G. and Chasin, L.A. (1980) Proc.
Natl. Acad. Sci. USA, 77(7):4216-4220), 293 (ATCC Ac-
cession No. CRL-1573), HeLa (ATCC Accession No.
CCL-2), CVI (ATCC Accession No. CCL-70), WOP (Dai-
ley, L., et al. (1985) J. Virol., 54:739-749), 3T3, 293T
(Pear, W.S., et al. (1993) Proc. Natl. Acad. Sci. U.S.A.,
90:8392-8396), NSO cells, SP2/0 cells, HuT 78 cells, and
the like, or plants (e.g., tobacco, lemna (duckweed), and
algae). See for example, Ausubel, F.M. et al., eds. Cur-
rent Protocols in Molecular Biology, Greene Publishing
Associates and John Wiley & Sons Inc. (1993). In some
embodiments, the host cell is not part of a multicellular
organism (e.g., plant or animal), e.g., it is an isolated host
cell or is part of a cell culture.
[0069] Host cells may be cultured in spinner flasks,
shake flasks, roller bottles, wave reactors (e.g., System
1000 from wavebiotech.com) or hollow fibre systems but
it is preferred for large scale production that stirred tank
reactors or bag reactors (e.g., Wave Biotech, Somerset,
New Jersey USA) are used particularly for suspension
cultures. Typically stirred tank reactors are adapted for
aeration using e.g., spargers, baffles or low shear impel-
lers. For bubble columns and airlift reactors, direct aer-
ation with air or oxygen bubbles maybe used. Where the
host cells are cultured in a serum-free culture medium,
the medium can be supplemented with a cell protective
agent such as pluronic F-68 to help prevent cell damage
as a result of the aeration process. Depending on the
host cell characteristics, microcarriers maybe used as
growth substrates for anchorage dependent cell lines, or
the cells maybe adapted to suspension culture. The cul-
turing of host cells, particularly vertebrate host cells, may
utilize a variety of operational modes such as batch, fed-
batch, repeated batch processing (see Drapeau et al.
(1994) Cytotechnology 15:103-109), extended batch
process or perfusion culture. Although recombinantly
transformed mammalian host cells may be cultured in
serum-containing media such media comprising fetal calf
serum (FCS), it is preferred that such host cells are cul-
tured in serum-free media such as disclosed in Keen et
al. (1995) Cytotechnology 17:153-163, or commercially
available media such as ProCHO-CDM or UltraCHO™
(Cambrex NJ, USA), supplemented where necessary
with an energy source such as glucose and synthetic
growth factors such as recombinant insulin. The serum-
free culturing of host cells may require that those cells
are adapted to grow in serum-free conditions. One ad-
aptation approach is to culture such host cells in serum

containing media and repeatedly exchange 80% of the
culture medium for the serum-free media so that the host
cells learn to adapt in serum-free conditions (see, e.g.,
Scharfenberg, K. et al. (1995) Animal Cell Technology:
Developments Towards the 21st Century (Beuvery, E.C.
et al., eds), pp.619-623, Kluwer Academic publishers).
Antibodies according to the invention may be secreted
into the medium and recovered and purified therefrom
using a variety of techniques to provide a degree of pu-
rification suitable for the intended use. For example, the
use of therapeutic antibodies of the invention for the treat-
ment of human patients typically mandates at least 95%
purity as determined by reducing SDS-PAGE, more typ-
ically 98% or 99% purity, when compared to the culture
media comprising the therapeutic antibodies. In the first
instance, cell debris from the culture media is typically
removed using centrifugation followed by a clarification
step of the supernatant using e.g., microfiltration, ultra-
filtration and/or depth filtration. Alternatively, the antibody
can be harvested by microfiltration, ultrafiltration or depth
filtration without prior centrifugation. A variety of other
techniques such as dialysis and gel electrophoresis and
chromatographic techniques such as hydroxyapatite
(HA), affinity chromatography (optionally involving an af-
finity tagging system such as polyhistidine) and/or hydro-
phobic interaction chromatography (HIC) (see US
5,429,746) are available. In one embodiment, the anti-
bodies of the invention, following various clarification
steps, are captured using Protein A or G affinity chroma-
tography followed by further chromatography steps such
as ion exchange and/or HA chromatography, anion or
cation exchange, size exclusion chromatography and
ammonium sulphate precipitation. Typically, various vi-
rus removal steps are also employed (e.g., nanofiltration
using e.g., a DV-20 filter). Following these various steps,
a purified preparation comprising at least 10 mg/ml or
greater, e.g., 100 mg/ml or greater of the antibody of the
invention is provided and therefore forms an embodiment
of the invention. Concentration to 100 mg/ml or greater
can be generated by ultracentrifugation. Such prepara-
tions are substantially free of aggregated forms of anti-
bodies of the invention.
[0070] Bacterial systems are particularly suited for the
expression of antibody fragments. Such fragments are
localized intracellularly or within the periplasm. Insoluble
periplasmic proteins can be extracted and refolded to
form active proteins according to methods known to
those skilled in the art, see Sanchez et al. (1999) J. Bi-
otechnol. 72:13-20; Cupit, P.M. et al. (1999) Lett. Appl.
Microbiol. 29:273-277.
[0071] The present invention also relates to cells com-
prising a nucleic acid, e.g., a vector, of the invention (e.g.,
an expression vector). For example, a nucleic acid (i.e.,
one or more nucleic acids) encoding the heavy and light
chains of a humanized immunoglobulin according to the
invention, or a construct (i.e., one or more constructs,
e.g., one or more vectors) comprising such nucleic ac-
id(s), can be introduced into a suitable host cell by a meth-
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od appropriate to the host cell selected (e.g., transforma-
tion, transfection, electroporation, infection), with the nu-
cleic acid(s) being, or becoming, operably linked to one
or more expression control elements (e.g., in a vector, in
a construct created by processes in the cell, integrated
into the host cell genome). Host cells can be maintained
under conditions suitable for expression (e.g., in the pres-
ence of inducer, suitable media supplemented with ap-
propriate salts, growth factors, antibiotic, nutritional sup-
plements, etc.), whereby the encoded polypeptide(s) are
produced. If desired, the encoded humanised antibody
can be isolated, for example, from the host cells, culture
medium, or milk. This process encompasses expression
in a host cell (e.g., a mammary gland cell) of a transgenic
animal or plant (e.g., tobacco) (see e.g., WO 92/03918).

3. Vascular Targeting

[0072] The use of ligands to target biological agents to
the sites of tumours by targeting vascular markers is
known in the art. For example see Thorpe et al., (2003)
Cancer Res. 63:1144-1147; Thorpe , E.R., Clin. (2004)
Cancer Res. 10:415-427; Neri and Bicknell, (2005) Nat
Rev Cancer 5:436-446; Ahlskog et al., (2006) Q J Nucl.
Med. Imaging 50:296-309; Gerber et al., (2009) MAbs
1:247-253.
[0073] A variety of targets and ligands have been de-
scribed in connection with anti-tumour therapy, including
MHC Class II (Huang et al., (1997) Science
275:547-550); VCAM-1 (Ran et al., (1998) Cancer Res.
58:4646-4653); the EB-D domain of fibronectin (Nilsson
et al., (2001) Cancer Res. 61:711-716); prostate-specific
membrane antigen (Liu et al., (2002) Cancer Res.
62:5470-5475); CD44-related antigen (TES-23; Tsun-
oda et al., (1999) Br. J. Cancer, 81:1155-1161); integrins
(Ruegg et al., (2004) BBA 1654:51-67); and Annexin A1
(Oh et al., (2004) Nature 429:629-635). The use of VEGF
to target the VEGF receptpr and deliver a toxin has been
described, for instance in Arora et al., (1999) Cancer
Res., 59:183-188, and Ramakrishnan et al., (1996) Can-
cer Res., 56:1324-1330. The use of the L-19 antibody to
target IL-12 to tumours has been described by Halin et
al., (2002) Nat. Biotechnol., 20:264-269, and Carnemolla
et al., (2002) Blood 99:1659-1665.
[0074] Antibodies, growth factors and other peptides
have been described for targeting tumours. Other, non-
peptide ligands include nucleic acid aptamers, as de-
scribed in Santulli-Marotto et al., (2003) Cancer Res.
63:7483-7489. Aptamers may be derived by in vitro se-
lection procedures, such as Selex.
[0075] Conjugation of IL-2 with a ligand suitable for
vascular targeting can be carried out as noted above, by
conjugating the ligand with the IL-2 molecule by means
of a peptide bond, i. e. within a fusion polypeptide com-
prising the IL-2 molecule and the ligand, or a polypeptide
chain component thereof. See Taniguchi et al. (1983)
Nature 302, 305-310 ; Maeda et al. (1983) Biochem. Bi-
ophys. Res. Comm. 115 : 1040-1047 ; Devos et al.

(1983) Nucl. Acids Res. 11 : 4307-4323 for IL-2 se-
quence information useful in preparation of a fusion
polypeptide comprising IL-2.
[0076] Other means for conjugation include chemical
conjugation, especially cross-linking using a bifunctional
reagent (e. g. employing ADOUBLE-REAGENTS™;
Cross-linking Reagents Selection Guide, Pierce).

4. Pharmaceutical Compositions

[0077] In a preferred embodiment, there is provided a
pharmaceutical composition comprising an antibody ac-
cording to the invention, or a ligand or ligands as defined
herein according to the invention. Ligands may be immu-
noglobulins, peptides, nucleic acids or small molecules,
as discussed herein. They are referred to, in the following
discussion, as "compounds".
[0078] A pharmaceutical composition according to the
invention is a composition of matter comprising a com-
pound or compounds capable of modulating T-cell activ-
ity as an active ingredient. Typically, the compound is in
the form of any pharmaceutically acceptable salt, or e.g.,
where appropriate, an analogue, free base form, tau-
tomer, enantiomer racemate, or combination thereof.
The active ingredients of a pharmaceutical composition
comprising the active ingredient according to the inven-
tion are contemplated to exhibit excellent therapeutic ac-
tivity, for example, in the treatment of graft-versus-host
disease, when administered in amount which depends
on the particular case.
[0079] In another embodiment, one or more com-
pounds of the invention may be used in combination with
any art recognized compound known to be suitable for
treating the particular indication in treating any of the
aforementioned conditions, for instance cancer. For ex-
ample, ligands according to the invention may be coad-
minstered with chemotherapeutic agents. Accordingly,
one or more compounds of the invention may be com-
bined with one or more art recognized compounds known
to be suitable for treating the foregoing indications such
that a convenient, single composition can be adminis-
tered to the subject. Dosage regima may be adjusted to
provide the optimum therapeutic response.
[0080] For example, several divided doses may be ad-
ministered daily or the dose may be proportionally re-
duced as indicated by the exigencies of the therapeutic
situation. The active ingredient may be administered in
a convenient manner such as by the oral, intravenous
(where water soluble), intramuscular, subcutaneous, in-
tranasal, intradermal or suppository routes or implanting
(e.g., using slow release molecules).
[0081] Depending on the route of administration, the
active ingredient may be required to be coated in a ma-
terial to protect said ingredients from the action of en-
zymes, acids and other natural conditions which may in-
activate said ingredient.
[0082] In order to administer the active ingredient by
other than parenteral administration, it will be coated by,
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or administered with, a material to prevent its inactivation.
For example, the active ingredient may be administered
in an adjuvant, co administered with enzyme inhibitors
or in liposomes. Adjuvant is used in its broadest sense
and includes any immune stimulating compound such as
interferon. Adjuvants contemplated herein include resor-
cinols, non-ionic surfactants such as polyoxyethylene
oleyl ether and nhexadecyl polyethylene ether. Enzyme
inhibitors include pancreatic trypsin.
[0083] Liposomes include water-in-oil-in-water CGF
emulsions as well as conventional liposomes. The active
ingredient may also be administered parenterally or in-
traperitoneally.
[0084] Dispersions can also be prepared in glycerol,
liquid polyethylene glycols, and mixtures thereof and in
oils. Under ordinary conditions of storage and use, these
preparations contain a preservative to prevent the growth
of microorganisms.
[0085] The pharmaceutical forms suitable for injecta-
ble use include sterile aqueous solutions (where water
soluble) or dispersions and sterile powders for the ex-
temporaneous preparation of sterile injectable solutions
or dispersion. In all cases the form must be sterile and
must be fluid to the extent that easy syringability exists.
It must be stable under the conditions of manufacture
and storage and must be preserved against the contam-
inating action of microorganisms such as bacteria and
fungi. The carrier can be a solvent or dispersion medium
containing, for example, water, ethanol, polyol (for ex-
ample, glycerol, propylene glycol, and liquid polyethylene
glycol, and the like), suitable mixtures thereof, and veg-
etable oils. The proper fluidity can be maintained, for ex-
ample, by the use of a coating such as lecithin, by the
maintenance of the required particle size in the case of
dispersion and by the use of superfactants.
[0086] The prevention of the action of microorganisms
can be brought about by various antibacterial and anti-
fungal agents, for example, parabens, chlorobutanol,
phenol, sorbic acid, thirmerosal, and the like. In certain
cases, it may be preferable to include isotonic agents,
for example, sugars or sodium chloride. Prolonged ab-
sorption of the injectable compositions can be brought
about by the use in the compositions of agents delaying
absorption, for example, aluminium monostearate and
gelatin.
[0087] Sterile injectable solutions are prepared by in-
corporating the active ingredient in the required amount
in the appropriate solvent with various of the other ingre-
dients enumerated above, as required, followed by fil-
tered sterilization. Generally, dispersions are prepared
by incorporating the sterilized active ingredient into a
sterile vehicle which contains the basic dispersion medi-
um and the required other ingredients from those enu-
merated above. In the case of sterile powders for the
preparation of sterile injectable solutions, the preferred
methods of preparation are vacuum drying and the
freeze-drying technique which yield a powder of the ac-
tive ingredient plus any additional desired ingredient from

previously sterile-filtered solution thereof.
[0088] Various other materials may be present as coat-
ings or to otherwise modify the physical form of the dos-
age unit. Of course, any material used in preparing any
dosage unit form should be pharmaceutically pure and
substantially non-toxic in the amounts employed. In ad-
dition, the active ingredient may be incorporated into sus-
tained-release preparations and formulations.
[0089] As used herein "pharmaceutically acceptable
carrier and/or diluent" includes any and all solvents, dis-
persion media, coatings, antibacterial and antifungal
agents, isotonic and absorption delaying agents and the
like. The use of such media and agents for pharmaceu-
tical active substances is well known in the art. Except
insofar as any conventional media or agent is incompat-
ible with the active ingredient, use thereof in the thera-
peutic compositions is contemplated. Supplementary ac-
tive ingredients can also be incorporated into the com-
positions.
[0090] It is especially advantageous to formulate
parenteral compositions in dosage unit form for ease of
administration and uniformity of dosage. Dosage unit
form as used herein refers to physically discrete units
suited as unitary dosages for the mammalian subjects to
be treated; each unit containing a predetermined quantity
of active material calculated to produce the desired ther-
apeutic effect in association with the required pharma-
ceutical carrier. The specification for the novel dosage
unit forms of the invention are dictated by and directly
dependent on (a) the unique characteristics of the active
material and the particular therapeutic effect to be
achieved, and (b) the limitations inherent in the art of
compounding such as active material for the treatment
of disease in living subjects having a diseased condition
in which bodily health is impaired.
[0091] The principal active ingredients are compound-
ed for convenient and effective administration in effective
amounts with a suitable pharmaceutically acceptable
carrier in dosage unit form. In the case of compositions
containing supplementary active ingredients, the dosag-
es are determined by reference to the usual dose and
manner of administration of the said ingredients.
[0092] In order to facilitate delivery of peptide com-
pounds, including antibodies, to cells, peptides may be
modified in order to improve their ability to cross a cell
membrane. For example, US 5,149,782 discloses the
use of fusogenic peptides, ion-channel forming peptides,
membrane peptides, long-chain fatty acids and other
membrane blending agents to increase protein transport
across the cell membrane. These and other methods are
also described in WO 97/37016 and US 5,108,921, in-
corporated herein by reference.
In a further aspect there is provided the active ingredient
of the invention as hereinbefore defined for use in the
treatment of disease either alone or in combination with
art recognized compounds known to be suitable for treat-
ing the particular indication. Consequently there is pro-
vided the use of an active ingredient of the invention for
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the manufacture of a medicament for the treatment of
disease associated with an aberrant immune response.
[0093] Moreover, there is provided a method for treat-
ing a condition associated with an aberrant immune re-
sponse, comprising administering to a subject a thera-
peutically effective amount of a ligand identifiable using
an assay method as described above. The invention is
further described, for the purposes of illustration only, in
the following example.

Example

Methods:

[0094] Tumor bearing mice were obtained by subcu-
taneous injection of F9 teratocarcinoma cells (2x 107) in
the flank of 10-week old female 129/SvEv mice by s.c.
injection. When tumours reached a size of 50 - 100 mm3,
mice were randomly grouped (n = 5) and treatment was
started. Mice were injected into the lateral tail vein with
either 30 ug L19-IL2, 50 ug anti-CTLA4 antibody or PBS
for two injections (day 6 and 10).
[0095] Mice were monitored daily, tumor volumes were
measured three to four times per week with a digital cal-
iper and calculated using the formula: volume = length x
width2 x 0.5. Animals were sacrificed when tumor vol-
umes reached 2000 mm3. Experiments were performed
under a project license granted by the Veterinaeramt des
Kantons Zuerich, Switzerland (169/2008).

Results:

[0096] To investigate whether combined administra-
tion of L19-IL2 and an anti-CTLA-4 antibody would result
in enhanced antitumor activity, we performed a therapy
experiment in immunocompetent 129SV mice, bearing
s.c. grafted F9 teratocarcinoma. Groups of mice (5 ani-
mals) received injections on day 6/7 and 10/11 (see Fig-
ure 1).
[0097] The combination of L19-IL2 and anti-CTLA-4
was tested in two different schedules in order to evaluate
possible sequence dependent effects. In the first combi-
nation group anti-CTLA-4 treatment was administered 1
day before L19-IL2 (Combo anti-CTLA-4), whereas in
the second combination group L19-IL2 was given first
(Combo L19-IL2).
[0098] No therapeutic benefit could be shown for the
anti-CTLA-4 antibody in this tumor model. L19-IL2 and
the two combinations groups showed long lasting tumor
growth retardation. One week after the last injection tu-
mours start to regrow. However, in the combination group
in which anti-CTLA-4 was administered one day before
L19-IL2 a reduction of 50% of tumor size was observed
compared to the other groups.

Claims

1. A blocking ligand specific for CTLA-4 which is an
anti-CTLA-4 antibody and a vascular targeting anti-
body/IL-2 complex, wherein the vascular targeting
antibody is specific for alternatively spliced extrado-
main B of fibronectin, for sequential use in inhibiting
the growth of tumour cells, wherein the anti-CTLA-
4 antibody is administered before the vascular tar-
geting antibody/IL-2 complex.

2. The blocking ligand specific for CTLA-4 and a vas-
cular targeting antibody/IL2 complex of claim 1 for
the use of claim 1, wherein the anti-CTLA-4 antibody
is a scFv.

3. The blocking ligand specific for CTLA-4 and a vas-
cular targeting antibody/IL2 complex of any preced-
ing claim for the use of any preceding claim, wherein
the tumour cells are part of a solid tumour, and treat-
ment results in reduction in tumour size.

4. The blocking ligand specific for CTLA-4 and a vas-
cular targeting antibody/IL2 complex of claim 3 for
the use of claim 3, wherein the anti-CTLA-4 antibody
is administered one day before the vascular targeting
antibody/IL-2 complex.

5. The blocking ligand specific for CTLA-4 and a vas-
cular targeting antibody/IL2 complex of any preced-
ing claim for the use of any preceding claim, wherein
the administration of both the anti-CTLA-4 antibody
and the vascular targeting antibody/IL-2 complex is
repeated.

6. The blocking ligand specific for CTLA-4 and a vas-
cular targeting antibody/IL2 complex of claim 5 for
the use of claim 5, wherein the repeat administra-
tions occur four days apart.

Patentansprüche

1. Blockierender Ligand, spezifisch für CTLA-4, der ein
Anti-CTLA-4-Antikörper ist und ein vaskulärer Tar-
geting-Antikörper/IL-2-Komplex, wobei der vaskulä-
re Targeting-Antikörper für eine alternativ gespleißte
Extradomäne B von Fibronectin spezifisch ist, zur
sequentiellen Verwendung beim Hemmen des
Wachstums von Tumorzellen, wobei der Anti-CTLA-
4-Antikörper vor dem vaskulären Targeting-Antikör-
per/IL-2-Komplex verabreicht wird.

2. Blockierender Ligand, spezifisch für CTLA-4, und ein
vaskulärer Targeting-Antikörper/IL2-Komplex nach
Anspruch 1 zur Verwendung nach Anspruch 1, wo-
bei der Anti-CTLA-4-Antikörper ein scFv ist.
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3. Blockierender Ligand, spezifisch für CTLA-4, und ein
vaskulärer Targeting-Antikörper/IL2-Komplex nach
einem vorstehenden Anspruch zur Verwendung
nach einem vorstehenden Anspruch, wobei die Tu-
morzellen Teil von einem soliden Tumor sind, und
die Behandlung zur Verminderung der Tumorgröße
führt.

4. Blockierender Ligand, spezifisch für CTLA-4, und ein
vaskulärer Targeting-Antikörper/IL2-Komplex nach
Anspruch 3 zur Verwendung nach Anspruch 3, wo-
bei der Anti-CTLA-4-Antikörper einen Tag vor dem
vaskulären Targeting-Antikörper/IL-2-Komplex ver-
abreicht wird.

5. Blockierender Ligand, spezifisch für CTLA-4, und ein
vaskulärer Targeting-Antikörper/IL2-Komplex, nach
einem vorstehenden Anspruch zur Verwendung
nach einem vorstehenden Anspruch, wobei die Ver-
abreichung von sowohl dem Anti-CTLA-4-Antikör-
per als auch dem vaskulären Targeting-Antikör-
per/IL-2-Komplex wiederholt wird.

6. Blockierender Ligand, spezifisch für CTLA-4, und ein
vaskulärer Targeting-Antikörper/IL2-Komplex nach
Anspruch 5 zur Verwendung nach Anspruch 5, wo-
bei die wiederholten Verabreichungen vier Tage ge-
trennt erfolgen.

Revendications

1. Ligand de blocage spécifique de CTLA-4 qui est un
anticorps anti-CTLA-4 et un complexe anticorps de
ciblage vasculaire/IL-2, dans lesquels l’anticorps de
ciblage vasculaire est spécifique pour l’extra-domai-
ne B à épissage alternatif de la fibronectine, pour
une utilisation séquentielle dans l’inhibition de la
croissance de cellules tumorales, dans lesquels l’an-
ticorps anti-CTLA-4 est administré avant le comple-
xe anticorps de ciblage vasculaire/IL-2.

2. Ligand de blocage spécifique de CTLA-4 et comple-
xe anticorps de ciblage vasculaire/IL2 selon la re-
vendication 1 pour l’utilisation selon la revendication
1, dans lesquels l’anticorps anti-CTLA-4 est un scFv.

3. Ligand de blocage spécifique de CTLA-4 et comple-
xe anticorps de ciblage vasculaire/IL2 selon l’une
quelconque des revendications précédentes pour
l’utilisation selon l’une quelconque des revendica-
tions précédentes, dans lesquels les cellules tumo-
rales font partie d’une tumeur solide, et le traitement
entraîne une réduction de la taille de la tumeur.

4. Ligand de blocage spécifique de CTLA-4 et comple-
xe anticorps de ciblage vasculaire/IL2 selon la re-
vendication 3 pour l’utilisation selon la revendication

3, dans lesquels l’anticorps anti-CTLA-4 est un an-
ticorps administré un jour avant le complexe anti-
corps de ciblage vasculaire/IL-2.

5. Ligand de blocage spécifique de CTLA-4 et comple-
xe anticorps de ciblage vasculaire/IL2 selon l’une
quelconque des revendications précédentes pour
l’utilisation selon l’une quelconque des revendica-
tions précédentes, dans lesquels l’administration de
l’anticorps anti-CTLA-4 et l’administration du com-
plexe anticorps de ciblage vasculaire /IL -2 sont tou-
tes deux répétées.

6. Ligand de blocage spécifique de CTLA-4 et comple-
xe anticorps de ciblage vasculaire/IL2 selon la re-
vendication 5 pour l’utilisation selon la revendication
5, dans lesquels les administrations répétées se pro-
duisent à quatre jours d’intervalle.
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