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(57) Abstract: The present invention provides antibodies which bind to an epitope in the extracellular domain of human CC
chemokine receptor 4 (CCR4) and which are capable of inhibiting the binding of macrophage-derived chemokine (MDC) and/or
thymus and activation regulated chemokine (TARC) to CCR4. Also provided are inter alia immunoconjugates and compositions
comprising such antibodies and methods and uses involving such antibodies, particularly in the medical and diagnostic fields.
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Antibodies
Field of the Invention

The present invention relates generally to the fields of antibodies, CCR4
biology and related therapies. ‘Mé‘r'é"p‘a‘fticu_lé_fly, it provides antibodies that bind to
CCR4. Such anti-CCR4 antibodies have diagnostic and therapeutic uses in diseases
and conditions associated with CCR4, such as in imaging tumour blood vessels,
treating cancer and treating viral and other infections, and inflammatory and immune
diseases. The antibody-based compositions and methods of the invention also
extend to the use of immunoconjugates and other therapeut'ic combinations, kits and
methods.

Background

~ With more than 800 members, G-protein-cdupled receptors (GPCRs)
represent the largest family of cell surface molecules involved in signal transmission,
accounting for >2% of the total. genes encoded by human genome. Members of the
GPCR superfamily share a common membrane topology: an extracellular N-terminus,
an intracellular C-terminus and seven transmembrane (TM) helices, which are
connected by three intracellular loops and three extracellular loops. On the basis of
their shared tbpological structure, GPCRs are also referred to as seven
transmembrane (7TM) receptors. These receptors control key physiological functions,
including neurotransmission, hormone and enzyme release from endocrine and ’
exocrine glands, immune responses, cardiac- and smooth-muscle contraction and
blood pressure regulation. Their dysfunction contributes to some of the most
prevalent human diseases. Emerging experimental and clinical data indicate that
GPCRs have a crucial role in cancer progression and metastasis. Hence, there is the
possibility that some GPCRs may be suitable targets for anti-cancer drugs.

Chemokines-play an important role inter alia in immune and inflammatory
responses in various diseases and disorders, including cancer, viral infections,
asthma and allérgic diseases, as well as autoimmune pathologies such as
rheumatoid arthritis and atheroscl_erosis. These small, secreted molecules are a
growing superfamily of 8-14 kDa proteins characterised by a conserved four cysteine
motif. ' ’

Studies have demonstrated that the actions of chemokines are mediated by
subfamilies of G protein-coupléd receptors, among which is the recepfor designated
chemokine (C-C motif) receptor 4, or CC chemokine receptor 4 (CCRA4). Speéific
ligands for CCR4 include the chemokines thymus and activation-regulated

chemokine (TARC) (also known as CCL17) and macrophage-derived chemokine
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(MDC) (also known as CCL22). CCR4 may also bind to RANTES, MCP-1 and MIP-
1alpha, and CCR4 signalling in response to these ligands has also been reported.

CCR4 is believed to be important inter alia in the function of T cell chemotaxis
and the migration of phagocytic cells to sites of inflammation. CCR4 is preferentially
expressed on T-helper cell 'type 2 (Th2) cells and regulatory T (Treg) cells, whereas
only limited expression on other healthy cells or tissues occurs.

Tumour cells, in particular adult T cell leukaemia/lymphoma cells, may be
positive for CCR4. Expressidn of CCR4 by tumour cells is associated with skin
involvement. Certain T-cell malignancieé typically are located to the skin. For
example, CCR4 is found at high levels in cutaneous T cell lymphoma lesions.

More recently, CCR4 has also been found to be expressed by certain solid tumours
(WO2009/037454). CCR4 expression is believed to be an early event in
carcinogenesis of solid tumours, particularly cancer of the cervix, oesophagus,
kidney, brain, breast, ovary, prostate, stomach and pancreas. Thus, both
haematological and non-haematological cancer cells may express CCR4.
Consequently, these cancers maybe diagnosed, monitored and treated using anti-
CCR4 antlbodles

In addltlon CCRA4 has an important role in normal and tumour immunity. A
significant fraction of CD4" CD25" regulatory T-cells (Tregs) are positive for CCR4
(Baatar et al, 2007b). These Tregs suppress immune responses through a variety of
mechanisms, and it has been shown that they can inhibit tumour-specific immunity.
Increased numbers of Tregs infiltrating the stroma, the tumour itself, or draining
lymphnodes, correlate with worsened outcome in a variety of cancers. Studies in
mouse model show that reducing Treg activity leads to increased endogenous anti-
tumour immunity and increased efficacy of anti-tumour inventions by the immune
system. Consequently, inhibiting Treg function is a promising strategy in
immunotherapy of tumours. The inhibition can be achieved by killing the Tregs
(depletion), interfering with their suppressor functions, changing their trafficking
pattern dr changing their differentiation. -

In a subset of patients with CCR4+ T-cell leukaemia/lymphoma, the tumour
cells themselves function as Treg cells, contributing to tumour survival in the face of
host antitumour immune responses. In other types of cancers, MDC and TARC are
produced by tumour cells and the tumour microenvironment and attract CCR4+ Treg
cells to the tumour, where they create a favourable environment for tumour escape
from the host immune responses. A higher frequency of Tregs in peripheral blood of
patients with following cancers has been reported: Breast cancer, Colorectal cancer,

Oesophageal cancer, Gastric cancer, Hepatocellular carcmoma Lung cancer,
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Melanoma, Ovarian cancer and Pancreatic cancer. Treg cells have been reported to
create a favourable environment for tumours. Hence, blocking the interaction
between CCR4 and its Iigandé such as MDC could be useful in the treatment or
prevention of cancers, especially the cancers listed above. It has been reported that
in a SCID mouse model, antibody to human MDC/CCL22 was able to block
infiltration of human Treg cells into transplanted human ovarian tumours. It is
believed that the Treg cells present in human solid tumours prevent immune effector
rresponses developing which could contribute to the slowing of tumour growth and
metastasis. Thus, killing of Treg cells in the tumour mass, and/or prevention of
migration of Treg cells to the tumour sites by using a neutralising MAb (monoclonal
antibody) directed against CCR4 may result-in enhanced immune responses towards
solid tumours, and act as an adjunct to conventional cytotoiic or anti-hormonal
therapies. _ '

Cancer causeé about 13% of all human deaths. According to the American
Cancer Society, 7.6 million people died from cancer in the world during 2007, so
there remains a strong and urgent need for further anti-cancer therapeutics.

CCR4 has been shown to play a role in inﬂammation and immune disorders.
Th2 cells and basophils are key cells in the allergic response in the lung and skin.
There are a number of reports which describe the presence of CCR4-expressing T
cells and concomitant expression of CCR4 ligands (MDC, TARC) on airway epithelial
cells in bronchial biopsie's in allergen-challenged asthmatics (Panina-Bordignon et al,
2001). CCR4+ T cells are also found in increased numbers in patients with atopic
dermatitis, with a marked reduction of CCR4+ T cells observed when the disease
improved. Using a humanized SCID mouse rpodel of asthma, it was shown that
blockade of CCR4 with antibodies prior to allergen challenge reduced allergic airway
inflammation, as well as the levels of Th2 cytbkines in the lungs. Depletion of CCR4+
T cells via lung delivery of a blocking antibody may be a suitable treatment option for
asthmatic patients. Targeted delivery of a CCR4 blocking antibody to the skin may
also be an attractive treatment for atopic dermatitis.

In allergic asthma, the presence of high levels of allergen-specific IgE is a
reflection of an aberrant Th2 cell immune response to commonly inhaled
environmental allergens. .Asthma is characterized by infiltration of Th2 lymphocytes
and eosinophils and by the production of Th2 chemokines. Allergens are présented
to T cells by dendritic cells (DCs) that continuously sample incoming foreign antigens.

" Upon proper activation by DCs, allergen-specific lymphocytes that are present in
diseased airways produce Th2 cytokines interleukin (IL)-4, IL-5 and IL-13 that

furthermore control leukocyte extravasation, goblet cell hyperplasia and bronchial
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hyper-reactivity (BHR). TARC and MDC produced by DCs induce the selective
migration of Th2 cells but not Th1 cells through triggering CCRA4 (Perros et al, 2009).
It was shown in murine models of asthma, that treatment with anti-TARC antibodies
- reduced the number of CD4+ T cells and eosinophils in bronchoalveolar lavage
(BAL) fluid, the production of Th2 cytokines and airway hyper-responsiven_eSs after
“allergen challenge (Kawasaki et al, 2001). In contrast, CCR4-deficient mice showed
no protection against airway inflammation and BHR (Chvafchko et al, 2000). Using a
humanized SCID mouse model of asthma, it was shown that blockade of CCR4 with
antibodies pridr to allergen challenge reduced allergic airway inflammation as well as
the levels of Th2 Cytokines in the lungs (Perros et al, 2009). These data indicate that
CCRA4 blockade is a feasible strategy for inhibiting allergic inflammation in humans.

Treg Cells may suppress dendritic cells (DCs), thereby facilitating the
development and progression of diseases, particularly infectious diseases and
cancer. Anti-CCR4 antibodies able to block the suppression of dendritic cells by
Treg cells may therefore be useful as adjuvants in vaccines, particularly as adjuvants
in tumour vaccination or vaccination against infectious disease. Thus, an anti-CCR4
antibody may enhance the therapeutic effect of a vaccine, particularly enhancing the
vaccine-induced immune response. '

CCR4 binding compounds have been reported to show efficacy in murine
allergic inflammation (Purandare et al, 2007, Burdi et al. 2007). It has been reported
that a CCR4-binding compound has reasonable potency in vivo, as CCR4 dependent
recruitment of leucocytes to the peritoneum induced by TARC was inhibited by
almost 90%. Yokoyama and colleagues presented a quinazoline derivative targeting
CCR4 which proved in vivo to be effective in reducing hypersensitivity reactions in a
mouse model (Yokoyama et al, 2008b); a derivative of this compound proved to be
effective in a similar in vivo mouse mode! upon oral administration (Yokoyama et al,
2009). Recenﬂy, a group of scientists has identified a number CCR4 antagonisfs
using in silico modelling approach (Bayry et al, 2008; Davies et al, 2009). By docking
compounds to modelled CCR4, the authors found mqlecules' able to bind within the
transmembrane region. Sixteen compounds inhibited CCR4-mediated migration of
CCRF-CEM cells. When CCR4 antagonists were tested for their adjuvant function in
vivo with Mycobacterium tuberculosis and hepatitis B vaccines, enhanced
immunogenicity was observed for both cellular and humoral immune responses. The
observed effect was ascribed to inhibition of Treg activity (Bayry et al, 2008; Davies .
et al, 2009). The fact that a significant fraction of Treg cells are CCR4-positive is well
known in the art (Baatar et al 2007b). The observed effect is believed to be useful

not only in the context of vaccination against infectious diseases (caused, for
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example by a virus, a bacterium, a mycobacterium or a parasite such as protozoa),
but also in the context of cancer vaccines. _

As the cause for the efficacy of these compounds as adjuvants is based on
inhibiting Tregs by blocking CCR4 mediated signaling, it is expected that antibodies
binding to CCR4 in an antagonistic manner would work the same way; the
pharmacological advantages of antibodies compared to small molecule drugs are
well known in the art. The only antibody against CCR4 currently in development is to
the best of our knowledge KW-0761 by Kyowa-Hakko. However, this antibody is
effective only by ADCC; it does not prevent ligand-mediated signalling through CCR4
receptor. Therefore, the antibodies described in this invention are expected to be
clearly superior in their modulation of immune reactions via Tregs.

Another application where moddlating Tregs is of clinical use is cancer
treatment. Tregs can inhibit tumbur-specific immunity and their increased.numbers
correlate with unfavourable prognosis and disease progression in some cancers.
Studies in mouse models demonstrate that reducing Treg activity boosts endogenous
anti-tumour immunity, and increases the efficacy-of active immune interventions.
Consequently, inhibiting Treg function is a strategy worth considering in human

* cancer immunotherapy (Curiel, 2008; Ruter et al, 2009). This inhibition can be
achieved both by modulating Tregs, or by directly killing them.

vExamples for this approaches are described in the art by compounds
targeting other surface of Treg like CD25. Daclizumab (Zenapax®; Roche)) and
basiliximab (Simulect®; Novartis) are anti-human CD25 antibodies approved for use
in autoimmune diseases, transplantation and cancers including HTLV-1 induced
adult T-cell ymphomal/leukaemia (Church, 2003). Denileukin diftitox (Ontak®,
DAB389IL-2; Ligand Pharmaceuticals Inc.) is a recombinant protein fusing the active
domain of diphtheria toxin to human IL-2. In 1998, FDA has approved it to treat
cutaneous T celi leukaemia/ lymphoma (Olseh et al, 2001), which usually are
CD4+CD25+. Denileukin diftitox is targeted to the IL-2 receptor and is proposed to be
internalized through CD25 by endocytosis. There is also evidence that Denileukin
diftitox improves immunogenicity of a tumour vaccine in patients with renal cell
cancer (Dannull et al, 2005). In addition, a recent report showed that denileukin
diftitox reduces Treg numbers and function in melanoma with impfoved melanoma-
specific immunity (Mahnke et al, 2007)

Other molecules on Tregs which are targeted for cancer treatment or
improved cancer vaccine effects include GITR (glucocorticoid-indi;ced tumour
necrosis factor receptor-related gene) (Levin‘gs et al, 2002), Toll-like receptors (TLR)

are expressed ubiquitously on a variety of mammalian cells, including human Tregs
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(Yang et al, 2004, Rutter et al, 2009) and Cytotoxic T lymphocyte antigen-4 (CTLA-4;
CD152) (Sutmulier et al. 2001). Currently, Phase Il and Ill clinical trials of anti-CTLA-
4 monoclonal antibody therapy are being conducted in melanoma, and Phase | and ||
trials are being conducted in other tumour types. Two human monoclonal antibodies
are under investigation - ipilimumab (MDX-010; Bristol-Myers Squibb/Medarex) and
tremelimumab (CP-675,206; Pfizer).

CCR4 has also been implicated inter alia in the following disorders: Adult T-
cell leukemia/lymphoma, Peripheral T-cell lymphoma, Cutaneoﬁs T-Cell Lymphoma
(CTCL), unspecified Diffuse large B-cell ymphoma, Hodgkin’s lymphoma, B;cell
chronic lymphocytic Ieuk'emia, Epstein-Barr virus (EBV) infection, Mycosis fungoides
(a mature T-cell lymphoma), Sézary syndrome (a variant of mycosis fungoides),
allergic bronchopulmonary aspergillosis (ABPA), Asthma, LPS-induced endotoxic
shock, Allergic inflammation, T-cell mediated neurodegenerative diseases such as
Multiple Sclerosis (MS), Autoimmune diseases such~ as Psoriasis, Castleman's
disease and Rheumatoid arthritis (RA).

Due to their complex structures, GPCRs are considered as “difficult targets”
for raising specific antibodies. They can neither be easily purified from the membrane
fraction of lysed cells, nor be recombinantly produced in different expression systems
as correctly folded soluble proteins. To the inventors' knowledge, to date all known
attempts of others to generate anti-GPCR antibodies using phage display have
proven to be unsuccessful.

The difficulties associated with generating antibodies against GPCRs are set
out in Hoogenboom et al., 1999. Furthermore, Sui et al. (2003) explain the

- difficulties associated with trying to obtain Human antibodies against the GPCR
| chemokine receptor CXCR4 and report that even using the pathfinder method
combined with step-back selection no specific antibodies could be identified. Thus,
in the field of GPCRs, the generation of specific antibodies remains a major
challenge. '

A murine monoclonal antibody called 1G1 which reacts with human CCR4 is
commercially available from BD Pharmingen. This antiquy may be used for
immunoflurescent staining, but the antibody is not a neutralising antibody.

A chimeric anti’body to CCRA4 designated KM2760 is disclosed in Ishida et al.,
2006. The authors report that this antibody does not block the binding of CCR4 to its
ligands MDC or TARC. ,

The invehtors have recognized that the identification of additional antibodies

that recognize CCR4 would be of benefit in expanding the number of therapeutic
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options. In particular, antibodies that block the binding of CCR4 to one or more of its
ligands would offer further therapeutic avenues.

The inventors have also recognized that the development of therapeutic
agents for the treatment of humans that are better tolerated from an immunological
perspective would be advantageous. In this regard, human antibodies generally
have at ieast three potential advantages for use in human therapy. First, the human
immune system should not recognize the antibody as foreign. Second, the half-life in
the human circulation will be similar to naturally occurring human antibodies, allowing
smaller and less frequent doses to be given. Third, because the effector portion is
human, it will interact better with the other parts of the human immune system.

The art therefore still lacks anti-CCR4 antibodies that can be used in the safe
and effective tréatment of patients having disorders in which CCR4 is involved,
including in long-term administration, and poses challenges to the development of
such antibodies. ‘

In particular, there is a need for human antibodies to CCR4. Although human

~ antibodies are generally recognized to display advantages, it is known that the
development of human antibodies that have high enough affinities and appropriate
functional properties to make them candidates for successful human therapy is by no
means straightforward. This is even more so the case with GPCRs, due to their
complex and transmembrane nature.

There also remains a strong need for anti-CCR4 antibodies which can block
the binding between CCR4 and one or more of its ligands such as MDC and/or
TARC. N )
Descnptlon of the invention '

The present invention overcomes certain hm:tatlons in the prior art by
providing new therapeutic composmons and methods for use in the safe and effective
treatment of tumors, vi\ral infections and other diseéses and conditions in which
CCRA4+ cells are involved such as inflammatory or immune disorders. The invention
is baéed on antibddies that bind to CCR4, preferably to an epitope within the
extracellular domain of CCR4, particularly human antibodies. Such antibodies are
effective in treating tumors and viral infections and other diseases and conditions in
which CCR4+ cells are involved, such as inﬂammatbry or immune disorders. The
compositions and methods of the invention also extend to the use of
immunoconjugates and combinations using this particular categoronf antibodies.

'A particular advantage of the present invention is that the antibodies provided
inhibit binding of MDC and/or TARC to CCR4. This contrasts with the leading
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antibodies in the clinical field, which do not inhibit binding of MDC and/or TARC to
CCRA4. »

The present inventors have prepared CCR4-specific antibodies that bind to
CCR4. For example, the antibodies bind to CCR4+ celis, in particular HEK293T-cells
transfected with CCR4, DT40-cells transfected with CCR4 and CCRF-CEM cells
which naturally express CCR4 (see Example 2). Importantly, the antibodies do not
significantly bind to CCR4- cells, i.e. cells which do not express CCR4. Thus, the
antibodies disclosed herein bind specifically to CCR4, making them suitable
candidates for diagnostics and therapy of the conditions discussed herein.

Amino acid and/or DNA sequénces of preferred antibody molecules of the
invention which bind to an epitope in the extracellular domain of CCR4, their VH and
VL domains including complementarity determining regions (CDRs), are set forth in

| the various SEQ ID NOs. listed herein.
‘ _ Thus, the present invention provides an antibody which binds to CCR4 and
which is capable of inhibiting the binding of MDC to CCRA4.

Preferably, the antibody is isolated. Also preferably, the antibody is human.
Preferably, the antibody binds to an epitope in the extraceliular domain of CCR4.
The CCR4 is preferably human. Thus, any reference to "binding to CCR4" includes
the preferred émbodiment o} "binding to an epitope in the extracellular domain of
CCR4".

Thus, 'the invention preferably provides an isolated human antibody which
binds to an epitope in the extracellular domain of human CCR4 and which is capable
of inhibiting the binding of MDC to CCRA4.

In one embodiment, the present invention prbvides an antibody that binds to
CCR4 and which is capable of inhibiting the binding of MDC to CCR4 comprising a
heavy chain CDR1 domain cdmprising the amino acid sequence of SEQ ID NO: 1, 7,
19, 101, 125, 126, 135 or 136 or a sequence substantially homologous to any one of A
these sequences, SEQ ID NOs: 101, 125, 126, 135 and-136 being especially
preferred. ' S |

Alternatively or in addition, in an embodiment of the invention, the anti\body
that binds to CCR4 and which is capable of inhibiting the binding of MDC to CCR4
comprises a heavy chain CDR2 domain comprising the amino acid sequence of SEQ
ID NO: 2, 8, .20, 127 or 128 or a sequence substantially homologous to any one of
these sequences, SEQ ID NOs: 8, 127 and 128 being especially preferred.

Alternatively or in addition, in an embodiment of the invention, the antibody
that binds to CCR4 and which is capable of inhibiting the binding of MDC to CCR4

comprises a heavy chain CDR3 domain comprising the amino acid sequence of SEQ
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ID NO: 3, 9, 15 or 21 or a sequence substantially homologous to any one of these
sequences, SEQ ID NO: 9 being especially préferred. ,

Alternatively or in addition, in an. efnbodiment of the invention, the antibody
that binds to CCR4 and which is capable of inhibiting the binding of MDC to CCR4
comprises a light chain CDR1 domain comprising the amino acid sequence of SEQ
ID NO: 4, 10, 16, 22, 108, 129 or 130 or a sequence substantially homologous to any
one of these sequences, SEQ ID NOs: 10, 129 or 130 being especially preferred.

Alternatively or in addition, in an embodiment of the invention, the antibody
that binds to CCR4 and which is capable of inhibiting the binding of MDC to CCR4
comprises a light chain CDR2 domain comprising the amino acid sequence of SEQ
ID NO: 5, 11, 17, 23, 110, 131 or 132 or a sequence substantially homologous to any
one of these sequences SEQ ID NOs: 11, 131 and 132 being especially preferred.

Alternatively or in addition, in an embodimept of the invention, the antibody
that binds to CCR4 and which is capable of inhibiting the binding of MDC to CCR4
comprises a light chain CDR3 domain comprising the amino acid sequence of SEQ
ID NO: 6, 12, 18, 24, 112, 133, 134, 137 or 138 or a sequence substantially
homologous to any one of these sequences, SEQ ID NOs: 12, 133, 134, 137 and
138 being especially preferred. ‘

SEQ ID NOs: 133 and 134 contain amino acid Y at position 11, but itis
preferred that the amino acid at position 11 of these sequences is V. SEQ ID NOs:
137 and 138 correspond to SEQ ID NOs 133 and 134, except that the amino acid at
position 11 is V. Thus, in any embodiments disclosed herein, any reference to SEQ
ID NO: 133 should be understood to include a reference to SEQ ID NO: 137 and any
reference to SEQ ID NO:134 should be understood to include a reference to SEQ ID
NO: 138. '

Thus, in certain embodiments, the ihvention provides an antibody that binds '
to CCR4 and which is capable of inhibiting the binding of MDC to CCR4 comprising
one or moré heavy chain CDR domains, wherein the heavy chain CDR domain is
selected from the group consisting of:

(a) a heavy chain CDR1 domain comprising the amino acid sequence of SEQ ID NO:
1, 7,19, 101, 125 or 126 or a sequence substantially homologous thereto;

(b) a heavy chain CDR2 domain comprising the amino acid sequence of SEQ ID NO:
2, 8, 20, 127 or 128 or a sequence substantially homologous thereto; and

(c) a heavy chain CDR3 domain comprising the amino acid sequence of SEQ ID NO:
3, 9, 15 or 21 or a sequence substantially homologous thereto.

The invention also provides, in certain embodimerits an antibody that binds to
binds to CCR4 and which is capable of inhibiting the binding of MDC to CCR4
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comprising one or more light chain CDR domains, wherein the light chain CDR
domain is selected from the group consisting of:
“(a) a light chain CDR1 domain comprising the amino acid sequence of SEQ ID NO: 4,
10, 16, 22, 108, 129 or 130 or a sequence substantially homologous thereto;
(b) a light chain CDR2 domain comprising the amino acid sequence of SEQ ID NO: 5,
11, 17, 23, 110, 131 or 132 or a sequence substantially homologous thereto; and
(c) a light chain CDR3 domain comprising the amino acid sequence of SEQ ID NO: 6,
12, 18, 24, 112, 133, 134, 137 or 138 or a sequence substantially homologous
thereto. A
In certain preferred embodiments, the antibody that binds to binds to CCR4
and which is capable of inhibiting the binding of MDC_to CCR4 comprises both l
(a) a heavy chain CDR3 comprising the amino acid sequence of SEQ ID NO: 3 or a
sequence substantially homologous thereto and
(b) a light chain CDR3 comprising the amino acid sequence of SEQ ID NO: 6 or a
sequence substantially homologous thereto.
More preferably, a CDR1 domain comprising the amino acid sequence of
SEQ ID NO: 1 or a sequence substantially homologous thereto and/or SEQ ID NO: 4
or a sequence substantially homologous thereto, and/or a CDR2 domain comprising
the amino acid sequence of SEQ ID NO: 2 or a sequence substantially homologoﬁs
thereto and/or SEQ ID NO: 5 or a sequence substantiaily homologous théreto, are
- also present. » '
- In certain preferred embodiments, the antibody that binds to binds to CCR4
~ and which is capable of inhibiting the binding of MDC to CCR4 comprises both
(a) a heavy chain CDR3 6omprising the amino acid sequénce of SEQID NO: 9ora
sequence substéntially homoldgous thereto and
. (b) a light chain CDR3 comprising the amino acid sequence of SEQ ID NO: 12 or a
sequence substantially homologous thereto.
More preferably, a CDR1 domain comprising the amino acid sequence of
SEQ ID NO: 7 or a sequence substantially homologous thereto and/or SEQ ID NO:
10 or a sequence substantially homologous thereto, and/or SEQ ID NO: 101 or a
sequence substantially hom.ologous thereto, and/or a CDR2 domain comprising the
amino acid sequence of SEQ ID NO: 8 or a sequence substantially homologous
thereto and/or SEQ ID NO: 11 or a sequence substantially homologous thereto, 'are
also present. ’ .
In certain preferred embodiments, the antibody that binds to binds to CCR4
and which is capable of inhibiting the binding of MDC to CCR4 comprises both
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(a) a heavy chain CDR3 comprising the amino acid sequence of SEQ ID NO: 15 or a
sequence substantially homologous thereto and
(b) a light chain CDR3 comprising the amino acid sequence of SEQ ID NO: 18 or a
sequence substantially homologous thereto. .

More preferably, a CDR1 domain comprising the amino acid sequence of
SEQ ID NO: 1 or a sequence substantially homologous thereto and/or SEQ ID NO:
16 or a sequence substantially homologous thereto, and/or a CDR2 domain
comprising the amino acid sequence of SEQ ID NO: 2 or a sequence substantially
homologous thereto and/or SEQ ID NO: 17 or a sequence substantially homologous
thereto, are also present. | ‘

In certain preferred embodiments, the antibody that binds to binds to CCR4
and which is capable of inhibiting the binding of MDC to CCR4 comprises both
(a) a heavy chain CDR3 comprising the amino acid sequence of SEQ ID NO: 21 or a'
sequence substantially homologous thereto and
(b) a light chain CDR3 comprising the amino acid sequence of SEQ ID NO: 24 or a
sequence substantially homologous thereto. '

More preferably, a CDR1 domain comprising the amino acid sequence of
SEQ ID NO: 19 or a sequence éubstantially homologous thereto and/or SEQ ID NO:

~220ra sequénce substantially homologous thereto, and/or a CDR2 domain

comprising the amino acid seduence of SEQ ID NO: 20 or a sequence substantially
homologous thereto and/or SEQ ID NO: 23 or a sequence substantially homologous
thereto, are also present. : _

In certain preferred embodiments, the antibody that binds to binds to CCR4
and which is capable of inhibiting the binding of MDC to CCR4 comprises both
(a) a heavy chain CDR3 comprising the amino acid sequence of SEQ ID NO: 9 or a
sequence substantially-homologous thereto and
(b) a light chain CDR3 comprising the amino acid sequence of SEQ I{b NO:112ora
sequence substantially homologous thereto.

More preferably; a CDR1 domain comprising the amino acid sequence of
SEQ ID NO: 7 or a sequence substantially homologous thereto and/or SEQ ID NO:
108 or a sequence substantially homologous the,reto,land/or a CDR2 domain

. comprising the amino acid sequence of SEQ ID NO:‘8 or a sequence substantially

homologous thereto and/or SEQ ID NO: 110 or a sequence substantially homologous
thereto, are also present. _

In certain preferred embodiments, the antibody that binds to binds to CCR4
and which is capable of inhibiting the binding of MDC to CCR4 comprises both
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(a) a heavy chain CDR3 camprising the amino acid sequence of SEQ ID NO: 9 or a
sequence substantially horﬁologous thereto and

(b) a light chain CDR3 comprising the amino acid sequence of SEQ ID NO: 133, 134,
137 or 138, or a sequence substantially homologous thereto.

More preferably, a CDR1 domain comprising the amino acid sequence of
SEQID NO: 125 or 126 or a sequence substantially homologous thereto and/or SEQ
ID NO: 129 or 130 or a sequencé substantially homologous thereto, and/or a CDR2
domain comprising the amino acid sequence of SEQ ID NO: 127 or 128 or a

. sequence substantially homologous thereto and/or SEQ ID NO: 131 or 132 or a
sequence substantially homologous thereto, are also present. '

In one preferred embodiment, the heavy chain CDR1 comprising the amino
acid sequence of SEQ ID NO: 1 or a sequence substantially homologous thereto,
CDR2 comprising the amino acid sequence of SEQ ID NO: 2 or a sequence
substantially homblogoUs thereto, and CDR3 comprising the amino acid sequence of
SEQ ID NO: 3, or a sequence substantially homologous thereto, are present
individually or in combination. _

In yet another preferred embodiment, the light chain CDR1 comprising the
amino acid sequence of SEQ ID NO: 4 or a sequence substantially homologous
thereto, CDR2 .comp‘rising the amino acid sequence of SEQ ID NO: 5 or a sequence
substantially homologous thereto, and CDR3 comprising the amino acid sequence of
SEQ ID NO: 6 or a sequence substantially homologous thereto, are present
individually or in combination.

In one preferred embodiment, the héavy chain CDR1 comprising the amino
acid sequence of SEQ ID NO: 7 or a sequence substantiaily homologous thereto,
CDR2 comprising the amino acid sequence of SEQ ID NO: 8 or a sequence
substantially homologous thereto, and CDR3 éomprising the amino acid sequence of
SEQ ID NO: 9, or a sequence substantially homologous thereto, are present
individually or in combination. _

In one preferred embodiment, the heavy chain CDR1 comprising the amino
acid sequengie of SEQ ID NO: 101 or a sequence substantially homologous thereto,
CDR2 comprising the amino acid sequence of SEQ ID NO: 8 ora sequence
substantially homologous thereto, and CDR3 comprising the amino acid sequence of
SEQ ID NO: 9, or a sequence substantially homologous thereto, are present
individually or in combination.

In yet another preferred embodiment, the light chain CDR1 comprising the
amino acid sequence of SEQ ID NO: 10 or a sequence substantially homologous
thereto, CDR2 comprising the amino acid sequence of SEQ ID NO: 11 or a sequence
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substantially homologous thereto, and CDR3 comprising the amino acid sequence of
SEQ IDNO: 12 ora sequence substantially homologous thereto, are present
individually or in combination.

In yet another preferred embodiment, the light chain CDR1 cdmprising the
amino acid sequence of SEQ ID NO: 108 or a sequence éubstantially homologous

. thereto, CDR2 comprising the amino acid sequence of SEQ ID NO: 110 or a
sequence substantially homologous thereto, and CDR3 comprising the amino acid
sequence of SEQ ID NO: 112 or a sequence substantially homologous thereto, are
present individually or in combination. .

In one preferred embodiment, the heavy chain CDR1 comprising the amino
acid sequence of SEQ ID NO: 1 or a sequence substantially homologous thereto,
CDR2 comprising the amino acid sequence of SEQ ID NO: 2 or a sequeﬁce
substantia'lly homologous thereto, and CDR3 comprising the amino acid sequence'of '

. SEQ ID NO: 15, or a sequence substantially homologous thereto, are present
individually or in combination. _ '

In yet another preferred embodiment, the light chain CDR1 comprising the
amino acid sequence of SEQ ID NO: 16 or a sequence substantially homologous
thereto, CDR2 comprising the amino acid sequence of SEQ ID NO: 17 or a sequence
substantially homologous thereto, and CDR3 comprising the amino acid sequence of
SEQ ID NO: 18 or a. sequence substantially homologous thereto, are present
individually or in combination.

In one preferred embodiment, the heavy chain CDR1 comprising the amino
acid sequence of SEQ ID NO: 19 ora séquence substantially homologous thereto,
CDR2 comprising the amino acid sequence of SEQ ID NO: 20 or a sequence
substantially homologous thereto, and CDR3 comprising the amino écid sequence of
SEQ ID NO: 21, or a sequence substantially homologous thereto, are present
individually or in combinat_ibn.

In yet another preferred embodiment, the light chain CDR1 comprising the
amino acid sequence of SEQ ID NO: 22 or a sequence substantially homologous
thereto, CDR2 comprising the amino acid sequence of SEQ ID NO: 23 or a sequence
substantially homologous thereto, and CDR3 comprising the amino acid sequence of
SEQ ID NO: 24 or a sequence substantially homologous thereto, are present
individually or in combination. ‘

In one preferred embodiment, the heavy chain CDR1 comp-rising the amino
acid sequence of SEQ ID NO: 125 or 126 or a sequence substantially homologous
thereto, CDR2 comprising the amino acid sequénce of SEQ ID NO: 127 or 128 or a
sequence substantially homologous thereto, and CDR3 comprising the amino acid
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sequence of SEQ ID NO: 9, or a sequence substantially hbmologous thereto, are
present individually or in combination.

In yét anothér preferred embodiment, the light chain CDR1 comprising the
amino acid sequence of SEQ ID NO: 129 or 130 or a se.quence substantially
homologous thereto, CDR2 comprising the amino acid sequence of SEQ ID NO: 131
or 132 or a sequence substantially homologous thereto, and CDR3 comprising the
amino acid sequence of SEQ ID NO: 133, 134, 137 or 138 or a séquence
substantially homologous thereto, are present individually or in combination.

Viewed alternatively, in certain embodiments, the present invention provides
ah antibody that binds to CCR4 and which is capable of inhibiting the binding of MDC
to CCR4 comprising a heavy chain CDR3 domain comprising the amino acid
sequence of SEQID NO: 3ora sequence substantially homologous thereto ahd/or a
light chain CDR3 domain comprising the amino acid sequence of SEQ ID NO: 6 or a
sequence substantially homologous thereto.

Said antibody optionally further comprises a heavy chain CDR2 domain
comprising the amino acid sequence of SEQ ID NO: 2 or a sequence substantially
homologous thereto and/or a light chain CDR2 domain comprising the amino acid
sequence of SEQ ID NO: 5 ora sequence substantially homologous thereto and/or
further comprises a heavy chain CDR1 domain comprising the amino acid sequence
of SEQ ID NO: 1 or a sequence substantially homologous thereto and/or
a light chain CDR1 domain comprising the amino acid sequence of SEQ 1D NO: 4 or
a sequence substantially homologous thereto.

In certain embodiments, the present invention provides an antibody that binds
to CCR4 and which is capable of inhibiting the binding of MDC to CCR4 comprising a
heavy chain CDR3 domain comprising the amino acid sequence of SEQ ID NO: 9 or
a sequence substantially homologous thereto and/or a light chain CDR3 domain
comprising the amino acid sequence of SEQ ID NO: 12 or a sequence substantially
homologous thereto.

Said antibody optionally further comprises a heavy chain CDR2‘domain
comprising the amino acid sequence of SEQ ID NO: -8 or a sequence substantially
homologous thereto and/or a light chain CDR2 domain comprising the amino acid
sequence of SEQ ID NO: 11 or a sequence substantially homologous thereto and/or
further comprises a heavy chain CDR1 domain comprising the amino acid sequence
of SEQ ID NO: 7 or a sequence substantially homologous thereto and/or
a light chain CDR1 domain comprising the amino acid sequence of SEQ ID NO: 10

or a sequence substantially homologous thereto.
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In certain embodiments, the present invention provides an antibody that binds
to CCR4 and which is capable of inhibiting the binding of MDC to CCR4 comprising a
heavy chain CDR3 domain comprising the amino acid sequence of SEQ ID NO: 9 or
a sequence substantially homologous thereto and/or a light chain CDR3 domain
comprising the amino acid sequence of SEQ ID NO: 112 or a sequence substantially
homologous thereto.

Said antibody optionally further comprises a heavy chain CDR2 domain
comprising the amino acid sequence of SEQ ID NO: 8 ora sequence substantially
homologous thereto and/or a light chain CDR2 domain comprising the amino acid
sequence of SEQ ID NO: 110 or a sequence substantially homologous thereto and/or
further.comprises a heavy chain CDR1 domain comprising the amino acid sequence
of SEQ ID NO: 7 or 101 or a sequence substantially} homologous thereto and/or
a light chain CDR1 domain comprising the amino acid sequence of SEQ ID NO: 108
or a sequence substantially homologous thereto.

In certain embodiments, the present invention provides an antibody that binds
to CCR4 and which is capable of inhibiting the binding of MDC to CCR4 comprising a
heavy chain CDR3 domain comprising the amino acid sequencé of SEQ ID NO: 15
or a sequence substantially homologous thereto and/or a light chain CDR3 domain
comprising the amino acid sequence of SEQ ID NO: 18 or a sequence substantially
homologous thereto. '

Said antibody optionally further comprises a heavy chain CDR2 domain
comprising the amino acid sequence of SEQ ID NO: 2 or a sequence substantially
homologous thereto and/or a light chain CDR2 domain comprising the amino acid
sequence of SEQ ID NO: 17 or a sequence substantially homologous thereto and/or
further comprises a heavy chain CDR1 domain comprising the amino acid sequence

" of SEQ ID NO: 1 or a sequence substantially homologous thereto and/or a light chain
CDR1 domain comprising the amino acid sequence of SEQ ID NO: 16 or a seduence
substantially homologous thereto. ,

In certain embodiments, the present invention provides an antibody that binds
to CCR4 and which is capable of inhibiting the binding of M\DC to CCR4 compﬁsing a
heavy chain CDR3 domain comprising the amino acid sequence of SEQ ID NO: 21 |
or a sequence substantially homologous thereto and/or a light chain CDR3 domain
comprising the amino acid sequence of SEQ ID NO: 24 or a sequence substantially
homologous thereto. |

Said antibody optionally further comprises a heavy chain CDR2 domain
comprising the amino acid Sequence of SEQ ID NO: 20 or a sequence substantially _

homologous thereto and/or a light chain CDR2 domain comprising the amino acid
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sequence of SEQ ID NO: 23 or a sequence substantially homologous thereto and/or
further comprises a heavy chain CDR1 domain comprising the amino acid sequence
of SEQ ID NO: 19 or a sequence substantially homologous thereto and/or

a light chain CDR1 domain comprising the amino acid sequence of SEQ ID NO: 22
or a sequence substantially homologous thereto.

In certain embodiments, the present invention provides an antibody that binds
to CCR4 and which is capable of inhibiting the binding of MDC to CCR4 comprising a
heavy chain CDR3 domain comprising the amino acid sequencé of SEQ .ID NO: 9 or
a sequence substantially homologous thereto and/or a light chain CDR3 domain
comprising the amino acid sequence of SEQ ID NO: 133, 134, 137 or 138 or a
sequence substantially homologous thereto.

Said antibody optionally further comprises a heavy chain CDR2 domain
comprising the amino acid sequence of SEQ ID NO: 127 or 128 or a sequence
substantially homologous thereto and/or a light chain CDR2 domain comprising the
amino acid sequence of SEQ ID NO: 131 or 132 or a éequence substantially
homologous thereto and/or further comprises a heavy chain CDR1 domain -
comprising the amino acid sequence of SEQ ID NO: 12'5' or 126 or a sequence
substantially homologous thereto and/or a light chain CDR1 domain comprising the
amino acid sequence of SEQ ID NO: 129 or 130 or a sequence substantially
homologous thereto.

Viewed alternatively, in certain embodiments, the present invention provides
an antibody that binds to binds to CCR4 and which is capable of inhibiting the binding
of MDC to CCR4 comprising a heavy chain CDR2 domain comprising the amino acid
sequence of SEQIDNO: 2 or a sequence substantially homologous thereto and/or a
Iight chain CDR2 domain comprising the amino acid sequence of SEQIDNO: 5o0r a
sequence substantially homologous thereto.

. Said antibody optionally further comprises a heavy chain CDR3 domain
comprising the amino acid sequence of SEQ ID NO: 3 or a sequence substantially
homologous thereto and/or a light chain CDR3 domain comprising the amino acid
sequence of SEQ ID NO: 6 or a sequence substantially homologous thereto and/or
further comprises a heavy chain CDR1 domain comprising the amino acid sequence
of SEQ ID NO: 1 or a sequence substantially homologous thereto and/or
a light chain CDR1 domain comprising the amino acid sequence of SEQ ID NO: 4 or
a sequence substantially homologous thereto. ‘

In Certain embodiments, the present invention provides an antibody that binds
to CCR4 and which is capable of inhibiting the binding of MDC to CCR4 comprising a
heavy chain CDR2 domain comprising the amino acid sequence of SEQ ID NO: 8,
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127 or 128 or a sequence substantially homologous thereto and/or a light chain
_CDR2 domain comprising the amino acid sequence of SEQ ID NO: 11', 131 0r 132 or
a sequence substantially homologous thereto.

- Said antibody optionélly further comprises a heavy chain CDR3 domain comprising
the amino acid sequence of SEQ ID NO: 9 or a sequence substantially homologous
thereto and/or a light chain CDR3 domain comprising the amino acid sequence of
SEQ ID NO: 12, 133, 134, 137 or 138 or a sequence substantially homologous
thereto and/or further comprises a heavy chain CDR1 domain comprising the amino
acid sequence of SEQ ID NO: 7, 101,125 or 126 or a sequence substantially

_ homologous thereto and/or a light chain CDR1 domain comprising the amino acid
sequence of SEQ ID NO: 10, 129 or 130 or a sequence substantially homologous
thereto. ' '

In certain embodiments, the present invention provides an antibody that binds
to binds to CCR4 and which is capable of inhibiting the binding of MDC to CCR4
comprising a heavy chain CDR2 domain comprising the amino acid sequence of
SEQ ID NO: 8ora sequence substantially homologous thereto and/or a light chain
CDR2 doméin comprising the amino acid sequence of SEQ ID NO: 110 or a
sequence substantially homologous thereto. i

Said antibody optionally further comprises a Heavy chain CDR3 domain
comprising the amino acid sequence of SEQ ID NO: 9 or a sequence substantially
homologous thereto and/or a light chain CDR3 domain comprising the amino acid
sequénce of SEQ ID NO: 112 or a sequence substantially homolbgous thereto and/or
further comprises a heavy chain CDR1 domain comprising the amino acid sequence
of SEQ ID NO: 7 or a sequence substantially homologous thereto and/or a light chain
CDR1 domain comprising the amino acid sequence of SEQ ID NO: 108 or a |
sequence substantially homologous thereto.

In certain embodiments, the present invention provides an antibody that binds
to binds to CCR4 and which is capable of inhibiting the binding of MDC to CCR4
comprising a heavy chain CDR2 domain comprising the amino acid sequence of
SEQ ID NO: 2 or a sequence substantially homologous thereto and/or a light chain
CDR2 domain compﬁsing the amino acid sequence of SEQ ID NO: 17 or a sequence
substantially homologous thereto.

Said antibody optionally further comprises a heavy chain CDR3 domain
comprising the amino acid sequence of SEQ ID NO: 15 or a sequence substantially
homologous thereto and/or a light chain CDR3 domain comprising the amino acid
sequence of SEQ ID NO: 18 or a sequence substantially homologous thereto and/or

- further comprises a heavy chain CDR1 domain comprising the amino acid sequence
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of SEQ ID NO: 1 or a sequence substantially homologous thereto and/or a light chain
CDR1 domain comprising the amino acid sequence of SEQ ID NO:-16 or a sequence
substantially homologous thereto.

. Viewed alternatively, in certain embodiments, the present mventlon provides
an antibody that binds to binds to CCR4 and which is capable of inhibiting the binding
of MDC to CCR4 comprising a heavy chain CDR2 domain comprising the amino acid
sequence of SEQ ID NO: 20 or a sequence substantially homologous thereto and/or
a light chain CDR2 domain comprising the amino acid sequence of SEQ ID NO: 23
or a sequence substantially homologous thereto. '

Said antibody optionally further comprises a heavy chain CDR3 domain
comprising the amino acid sequence of SEQ ID NO: 21 or a sequencé substantially
homologous thereto and/or a light chain CDR3 domain comprising the amino acid
sequence of SEQ ID NO: 24 or a sequence substantially homologous thereto and/or
further comprises a heavy chain CDR1 domain comprising the amino acid sequence
of SEQ ID NO: 19 or a sequence substantially homol_ogous thereto and/or
a light chain CDR1 domain comprising the amino acid sequence of SEQ ID NO: 22
or a sequence substantially homologous thereto. A

' Viewed alternatively, in certain embodiments, the present invention provides
an antibody that binds to CCR4 and which is capable of inhibiting the binding of MDC
to CCR4 comprising a heavy chain CDR1 domain comprising the amino acid
sequence of SEQ ID NO: 1 or a sequence éubstantially homologous thereto and/or a
light chain CDR1 domain comprising the amino acid sequence of SEQ ID NO: 4 or a
sequence substantially homologous thereto.

Sald antibody optionally further comprises a heavy chain CDR3 domain
comprlsmg the amino acid sequence of SEQID NO: 3 or a sequence substantially

- homologous thereto and/or a light chain CDR3 domain comprising the amino acid
sequence of SEQ ID NO: 6.or a sequence substantially homologous thereto and/or

. further comprises a heavy chain CDR2 domain comprising the amino acid sequence
of SEQ ID NO: 2 or a sequence substantially homologous thereto and/or a light chain

 CDR2 domain comprising the amino acid sequénce of SEQ ID NO: 5 or a sequence
substantially homologous thereto.

In certain embodiments, the present inventionA provides an antibody that binds
to CCR4 and which is capable of inhibiting the 'binding of MDC to CCR4 comprising a

~ heavy chain CDR1 domain compfising the amino acid sequence of SEQ ID NO: 7,
125 or 126 or a sequence substantially homologous thereto and/or a light chain
CDR1 domain comprising the amino acid sequence of SEQ ID NO: 10, 129 or 130 or

a sequence substantially homologous thereto.
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Said antibody optionally further comprises a heavy chain CDR3 domain
comprising the amino acid sequence of SEQ ID NO: 9 or a sequence substantially
homologous thereto and/or a light chain CDR3 domain comprising the amino acid
sequence of SEQ ID NO: 12, 133, 134, 137 or 138 or a sequence substantially
homologous thereto and/or further comprises a heavy chain CDR2 domain
comprising the amino acid sequence of SEQ ID NO: 8, 127 or 128 or a sequence
substantia.lly homologous thereto and/or a light chain CDR2 domain comprising the
amino acid sequence of SEQ ID NO: 11, 131 or 132 or a sequence substantially
h\omolbgous thereto. '

Viewed alternatively, in certain embodiments, the present invention provides
an antibody that binds to CCR4 and which is capable of inhibiting the binding of MDC
to CCR4 comprising a heavy chain CDR1 domain comprising the amino acid |
sequence of SEQ ID NO: 101 or a sequence substantially homologous thereto and/or
a light chain CDR1 domain comprising the amino acid sequence of SEQ ID NO: 10
or a sequence substantially homologous theréto.

Said antibody optionally further comprises a heavy chain CDR3 domain
comprising the amino acid sequénce of SEQ ID NO: 9 or a sequence substantially
homologous thereto and/or a light chain CDR3 domain comprising the amino acid

- sequence of SEQ ID NO: 12 or a sequence substantially homblogous thereto and/or
further comprises a heavy chain CDR2 domain comprising the amino acid sequence
of SEQ ID NO: 8 or a sequence substantially homologous thereto and/or a light chain
CDR2 domain comprising the amino acid sequence of SEQ ID NO: 11 or a sequence
substantially homologous thereto.

~ Incertain embodiments, the present invention provides an antibody that binds
to CCR4 and which is capable of inhibiting the binding of MDC to CCR4 comprising a
heavy chain CDR1 domain comprising the amino acid séquence of SEQID NO: 7 or
a sequence substantially homologous thereto and/or a light chain CDR1 domain
comprising the amino acid sequence of SEQ ID NO: 108 or a sequence substantially
homologous thereto. .

Said antibody optionally further comprises a heavy chain CDR3 domain
cdmprising the arﬁino acid sequence of SEQ ID NO: 9 or a sequence substantially
ﬁomologous thereto and/or a light chain CDR3 domain comprising the amino acid

. sequence of SEQ ID NO: 112 or a sequence substantially homologous thereto and/or.
further comprises a heavy chain CDR2 domain comprising the amino acid sequence
of SEQ ID NO: 8 or a sequence substantially homologous thereto and/or a light chain
CDR2 domain comprising the amino acid sequence of SEQ ID NO: 110 ora

sequence substantially homologous thereto.
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_ In certain embodiments, the present invention provides an antibody that binds
to CCR4 and which is capable of inhibiting the binding of MDC to CCR4 comprising a
heavy chain CDR1 domain comprising the amino acid sequence of SEQ ID NO: 1 or
a sequenée substantially homologous thereto and/or a light chain CDR1 domain
comprising the amino acid sequence of SEQ ID.NO: 16 or a sequence substantiélly
homologous thereto. ,
_ Said antibody optionally further comprises a heavy chain CDR3 domain
comprising the amino acid sequence of SEQ ID NO: 15 or a sequence substantially
homologous thereto and/or a light chain CDR3 domain comprising the amino acid
sequence of SEQ ID NO: 18 or a sequence substantially homologous thereto and/or
further comprises a heavy chain CDR2 domain comprising the amino acid sequence
of SEQ ID NO: 2 or a sequence substantially homologous thereto and/or
a light chain CDR2 domain comprising the amino acid sequence of SEQ ID NO: 17
or a sequence substantially homologous thereto. ' A

In certain embodiments, the present invention provides an antibody that binds
to CCR4 and which is capable of inhibiting the binding of MDC to CCR4 comprising a
heavy chain CDR1 domain compriéing the amino acid sequence of SEQ ID NO: 19
or a sequence substantially homologous thereto and/or a Iight chain CDR1 domain
comprising the amino acid sequence of SEQ ID NO: 22 or a sequence substantially
homologous thereto.

Said antibody optionally further comprises a heavy chain CDR3 domain
comprising the amino acid sequence of SEQ ID NO: 21 or a sequence substantially
homologous thereto and/or a light chain CDR3 domain comprising the amino acid
sequence of SEQ ID NO: 24 or a sequence substantially homologous thereto and/or
further comprises a heavy chain CDR2 domain comprising the amino acid sequence
of SEQ ID NO: 20 or a sequence substantially homologous thereto and/or a light
chain CDR2 domain comprising the amino acid sequence of SEQ ID NO: 23 ora
sequence substantially homologous thereto. \

Certain preferred antibodies of the invention comprise one or more of the
CDRs selected from the group consisting of SEQIDNOs: 1, 2, 3,4, 5and 6 or a
sequence substantially homologous to any one of the foregoing SEQ ID NOs.

Certain preferred antibodies of the invention comprise one or more of the
CDRs selected from the group consisting of SEQ ID NOs: 7, 8,9, 10, 11 and 12 ora
sequence substantially homologous to any one of the foregoing SEQ ID NOs.

Certain preferred antibodies of the invention comprise one or more of the
CDRs selected from the group consisting of SEQ ID NOs: 101, 8, 9, 10, 11 and 12 or

a sequence substantially homologous to any one of the foregoing SEQ ID NOs.
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Certain preferred antibodies of the invention comprise one or more of the
CDRs selected from the group consisting of SEQ ID NOs: 7, 8, 9, 108, 110 and 112
or a sequence substantially homologous to any one of the foregoing SEQ ID NOs.

. Certain preferred antibodies of the invention comprise one or more of the
CDRs selected from the group consisting of SEQ ID NOs: 1, 2, 15, 16, 17 and 18 or
a sequence substantially homologous to ahy one of the foregoing SEQ ID NOs.

Certain preferred antibodies of the invention comprise one or more of the
CDRs selected from the group consisting of SEQ ID NOs: 19, 20, 21, 22, 23 or 24 or

a sequence substantially homologous to any one of the foregoing SEQ ID
NOs.

Certain preferred antibodies of the invention comprise one or more of the
CDRs selected from the group cénsisting of SEQ ID NOs: 125, 127, 9, 129, 131 or
133 (137) or a sequence substantially homologohs to any one of the foregoing SEQ
ID NOs. |

( Certain preferred antibodies of the invention comprise one or more of the
CDRs selected from the group consisting of SEQ ID NOs: 126, 128, 9, 130, 132 or
134 (138) or a sequence substantially homologous to any one of the foregoing SEQ
ID NOs. '

Certain preferred antibodies comprise two or more of the light chain CDRs of
SEQ ID NOs: 4, 5 and 6, or 10, 11 and 12, 0r 16, 17 and 18, or 22, 23 and 24, or
108, 110 and 112, or 129, 131 and 133 (137), or 130, 132 and 134 (138); or
sequences substantially homologdus to any one of the foregoing SEQ ID NOs.

Especially preferred binding molecules comprise 3 of the light chain CDRs of
SEQ ID NOs: 4, 5and 6; or 10, 11 and 12; or 16, 17 and 18; or 22, 23 and 24; or 108,
110 and 112, or 129, 131 and 133 (137), or 130, 132 and 134 (138); or sequences

~ substantially homologous to any one of the foregoing SEQ ID NOs (i.e. one of each
of the aforementioned light chain CDR1 and CDR2 and CDR3 or sequences.
substantially homologous thereto). _

Other certain preferred antibodies comprise two or more of the heavy Chain
CDRs of SEQ ID NOs: 1., 2and 3;0or7,8and 9;0or 1,2 and 15; or 19, 20 and 21; or
101, 8 and 9, or 125 and 127 and 9, or 126 and 128 and 9; or sequences
substantially homologous to any one of the foregoing SEQ ID NOs.

Especially preferred antibodies comprise 3 of the heavy chain CDRs of SEQ
IDNOs: 1,2 and 3; or 7, 8 and 9; or 1, 2 and 15; or 19, 20 and 21; or 101, 8 and 9, or
125 and 127 and 9, or 126 and 128 and 9; or sequences substantially homologous to
any one of the foregoing SEQ ID NOs (i.e. one of each of the aforementioned héavy

chain CDR1 and CDR2 and CDR3 or sequences substantially homologous thereto).
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In some embodiments, the combination of a heavy chain CDR1 of SEQ ID
NO: 1 with a heavy chain CDR2 of SEQ ID NO: 2 is particularly preferred. .

In some-embodiments, the combination of a heavy chain CDR3 of SEQ ID
NO: 9 with a heavy chain CDR2 of SEQ ID NO: 8 and/or a heavy chain CDR1 of
SEQ ID NO: 7 or 101 is particularly preferred.

Certain more especially preferred ant.ibodies comprise 3 of the light chain |
CDRs of SEQ ID NOs: 4, 5 and 6 or sequences substantially homologous to any one
of these sequences (i.e. one of each of the aforementioned light chain CDR1 and
CDR2 and CDR3 or sequences substantially homologous thereto), and 3 of the
heavy chain CDRs of SEQ ID NOs: 1, 2 and 3, or sequences substantially
homologous any one of these sequences (i.e. one of each of the aforementioned
heavy chain CDR1 and CDR2 and CDR3 or sequences substantially homologous
thereto). '

Certain more especially preferred antibodies comprise 3 of the light chain
CDRs of SEQ ID NOs: 10, 11 and 12 or sequences substantially homologous to any
one of these sequences (i.e. one of each of the aforementioned light chain CDR1
and CDR2 and CDR3 or sequences substantially homologous thereto), and 3 of the
heavy chain CDRs of SEQ ID Nds: 7, 8 and 9, or sequences substantially
homologous any one of these sequences (i.é. one of each of the aforementioned
heavy chain CDR1 and CDR2 and CDR3 or sequences substantially homologous
thereto).

Certain more especially preferred antibodies comprise 3 of the light chain
CDRs of SEQ ID NOs: 10, 11 and 12 or sequences substantially homologous to any
one of these sequences (i.e. one of each of the aforementioned light chain CDR1
and CDR2 and CDR3 or sequences substantially homologous thereto), and 3 of the
heavy chain CDRs of SEQ ID NOs: 101, 8 and 9, or sequences substantially
homologous any one of these sequences (i.e. one of each of the aforementioned
heavy chain CDR1 and CDR2 and CDR3 or sequences substantially homologous
theréto). ‘ '

Certain more especially preferred antibodies comprise 3 of the light chain
CDRs of SEQ ID NOs: 108, 110 and 112 or sequences substantially homologous to
any one of these sequences (i.e. one of each of the aforeméntioned light chain CDR1
and CDR2 and CDR3 or sequences substantially homologous thereto), and 3 of the
heavy chain CDRs of SEQ ID NOs: 7, 8 and 9, or sequences substantially
homologous any one of these sequences (i.e. one of each of the aforementioned
heavy chain CDR1 and CDR2 and CDR3 or sequenceé substantially homologous

thereto).
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Certain more especially preferred antibodies comprise 3 of the light chain
CDRs of SEQ ID NOs: 16, 17 and 18 or sequences substantially homologous to any
one of these sequences (i.e. one of each of the aforementioned light chain CDR1
and CDR2 and CDR3 or sequences substantially homologous thereto), and 3 of the
heavy chain CDRs of SEQ ID NOs: 1, 2 and 15, or sequences substantially
homologous any one of these sequences (i.e. one of each of the aforementioned
heavy chain CDR1 and CDR2 and CDR3 or sequences substantially homologous
thereto). .

Certain more especially preferred antibodies comprise 3 of the light chain
CDRs of SEQ.ID NOs: 22, 23 and 24 or sequences substantially homologous to any
one of these sequences (i.e. one of each of the aforementioned light chain CDR1
and CDR2 and CDR3 or Sequénces substantially homologous thereto), and 3 of the
heavy chain CDRs of SEQ ID NOs: 19, 20 and 21, or sequences sub'stantially
homologous any one of these sequences (i.e. one of each of the aforementioned
heavy chain CDR1 and CDR2 and CDR3 or sequences substantially homologous
thereto). ‘ '

Certain more especially preferred antibodies comprise 3 of the light chain
CDRs of SEQ ID NOs: 129, 131 and 133 (137) or sequences substantially
homologous to any one of these sequences (i.e. one of each of the aforementioned
light chain CDR1 and CDR2 and CDR3 or sequences .substantially homoldgous
thereto), and 3 of the heavy chain CDRs of SEQ ID NOs: 125, 127 and 9, or
sequences substantially homologous any one of these sequences (i.e. one of each of
the aforementioned heavy chain CDR1 and CDR2 and CDR3 or sequences
substantially homologous thereto).

Certain especially preferred antibodies comprise a heavy chain CDR1 domain
of SEQ ID NO: 1, a heavy chain CDR2‘deain of SEQ ID NO: 2, and a heavy chain
CDR3 domain of SEQ ID NO: 3, or sequences substantially homologous to any one
of the aforementioned sequences; and/or comprise

- a light chain CDR1 domain of SEQ ID NO: 4, a light chain CDR2 domain of SEQ ID
NO: 5, and a light chain CDR 3 domain of SEQ ID NO: 6, or sequences substantially
homologous to any one of the aforementioned sequences.

Certain especially preferred antibodies comprise a heavy chain CDR1 domain
of SEQ ID NO: 7 or 101, a heavy chain CDR2 domain of SEQ ID NO: 8, and a heavy
chain CDR3 domain of SEQ ID NO: 9, or sequences substantially homologous to any

one of the aforementioned sequences; and/or comprise
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a Ilght chain CDR1 domain of SEQ ID NO: 10, a light chain CDR2 domain of SEQ ID
NO: 11, and a light chain CDR 3 domain of SEQ ID NO: 12, or sequences
substantially homologous to any one of the aforementioned sequences.

Certain especially preferred antibodies comprise a heavy chain CDR1 domain
of SEQ ID NO: 7, a heavy chain CDR2 domain of SEQ ID NO: 8, and
a heavy chain CDR3 domain of SEQ ID NO: 9, or sequences substantially
homologous to any one of the aforementioned sequences; and/or comprise
a light chain CDR1 domain of SEQ ID NO: 108, a light chain CDR2 domain of SEQ
ID NO: 110, and a light chain CDR 3 domain of SEQ ID NO: 112, or sequences
substantially homologous to any one of the aforementioned sequences.

Certain especially preferred antibodies comprise a heavy chain CDR1 domain
of SEQ ID NO: 1, a heavy chain CDR2 domain of SEQ ID NO: 2, and
a heavy chain CDR3 domain of SEQ ID NO: 15, or sequences substantially
homologous to any one of the aforementioned sequences; and/or comprise
a light chain CDR1 domain of SEQ ID NO: 16, a light chain CDR2 domain of SEQ ID
NO: 17, and a light chain CDR 3 domain of SEQ ID NO: 18, or sequences
substantially homologous to any one of the aforementioned sequences.

Certain especially preferred antibodies comprise a heavy chain CDR1 domain
of SEQ ID NO: 19, a heavy chain CDR2 domain of SEQ iD NO: 20, and
a heavy chain CDR3 domain of SEQ ID NO: 21, or sequences substantially
homologous to any one of the aforementioned sequences; and/or comprise
a light chain CDR1 domain of SEQ ID NO: 22, a light chain CDR2 domain of SEQ ID
NO: 23, and a light chain CDR 3 domain of SEQ ID NO: 24, or sequences
substantially homologous to any one of the aforementioned sequences.

Certain especially preferred antibodies comprise a heavy chain CDR1 domain
of SEQ ID NO: 125, 126, 135 or 136, a heavy chain CDR2 domain of SEQ ID NO:
127 or 128, and a heavy chain CDR3 domain of SEQ ID NO: 9, or sequences
substantially homologous to any one of the aforementioned sequences; and/or
comprise a light chain CDR1 domain of SEQ ID NO: 129 or 130, a light chain CDR2

. domain of SEQ ID NO: 131 or 132, and a light chain CDR 3 domain of SEQ ID NO:
133 (137) or 134 (138), or sequences substantially homologous to any one of the
aforementioned sequences.

In a further embodiment, the invention provides an antibody that binds to
CCR4 and which is capable of inhibiting the binding of MDC to CCR4 and that
compris‘es at least one heavy chain variable region that comprises three CDRs and

- at least one light chaln variable region that comprises three CDRs, wherein sald

heavy chain variable region comprises:
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(i) a variable heavy (VH) CDR1 that has the amino acid sequence of SEQ ID NO: 1,
(ii) a VH CDR2 that has the amino acid sequencé of SEQ ID NO: 2, and
(iif) a VH CDRa3 that has the amino acid sequence of SEQ ID NO: 3 or 15.
In a preferred aspect of this embodiment, one or more of said light chain variable
region CDRs are selected from tHe group consisting of:
(i) a VL CDR1 that has the amino acid sequence of SEQ ID NO: 4 or 16,
(i) a VL CDR2 that has the amino acid sequence of SEQ ID NO: 5 or 17, and
(ii) a VL CDR3 that has the amino acid sequence of SEQ ID NO: 6 or 18. Preferably,
2 or 3 of said light chain variable region CDRs are selected from the above group.
in a further embodiment, the invention provides an antibody that binds to
CCR4 and which is capable of inhibiting the binding of MDC to CCR4 and that |
comprises at least one heavy chain variable region that comprises three CDRs and
at least one light chain variable region that comprises three CDRs, wherein said
heavy chain variable region comprises:
(i) a variable heavy (VH) CDR1 that has the amino acid sequence of SEQ ID NO: 7
or 101,
(ii.) a VH CDRZ that has the amino acid sequence of SEQ ID NO: 8, and
(iii) a VH CDRS that has the amino acid sequence of SEQ ID NO: 9.
In a preferred aspect of this embodiment, one or more of said light chain
variable region CDRs are selected from the group consisting of:
(i) a VL CDR1 that has the amino acid sequence of SEQ ID NO: 10,
(i) a VL CDR2 that has the amino acid sequence of SEQ ID NO: 11, and
(iii) a VL CDR3 that has the amino acid sequence of SEQ ID NO: 52. Preferably, 2
or 3 of said light chain variable region CDRs are selected from the above group.

. In a further embodiment, the invention provides an antibody that binds to
CCR4 and which is capable of iﬁhibiting the binding of MDC to CCR4 and that
comprises at least one heavy chain variable region that comprises three CDRs and
at least one light chain variable region that comprises three CDRs, wherein said
heavy chain variable region comprises:

(i) a variable heavy (VH) CDR1 that has the amino acid sequence of SEQ ID NO: 7,
(i) a VH CDR2 that has the amino acid sequence of SEQ ID NO: 8, and
(iii) a VH CDR3 that has the amino acid sequence of SEQ ID NO: 9.

In a preferred aspect of this embodiment, one or more of said light chain
variable region CDRs are selected from the group consisting of: |
(iYa VL CDR1 that has the amino acid sequence of SEQ ID NO: 108,
(i) a VL CDR2 that has the amino acid sequence of SEQ ID NO: 110, and .
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(iii) a VL CDR3 that has the amino acid sequence of SEQ ID NO: 112. Preferably, 2
or 3 of said light chain variable region CDRs are selected from the above group.
In a further embodiment, the invention provides an antibody that binds to
CCR4 and which is capable of inhibiting the binding of MDC to CCR4 and that
comprises at least one heavy chain variable region that 6omprises three CDRs and
at least one light chain variable region that comprises three CDRs, wherein said
heavy chain variable region comprises: |
(i) a variable heavy (VH) CDR1 that has the amino acid sequenbe of SEQ ID NO: 19,
(i) a VH CDR2 that has the amino acid sequence of SEQ ID NO: 20, and
(iii) a VH CDR3 that has the amino acid sequence of SEQ ID NO: 21.
' In a preferred aspect of this embodiment, one or more of said light chain
" variable region CDRs are selected frnm the group consisting of:
(i) a VL CDR1 that has the amino acid sequence of SEQ ID NO: 22,
(i) a VL CDR2 that has the amino acid sequence of SEQ ID NO: 23, and
(iii) a VL CDRa3 that has the aminovacid sequence of SEQ ID NO: 24. Preferably, 2
or 3 of said light chain variable region CDRs are selected from the above group.
In a further embodiment, the invention provides an antibody that binds to
CCR4 and which is capable of inhibiting the binding of MDC to CCR4 and that
comprises at least one heavy chain variable region that comprises three CDRs and
at least one light chain variable region that comprises three CDRs, wherein said
heavy chain variable region comprises:
" (i) a variable heavy (VH) CDR1 that has the amino acid sequence of SEQ ID NO:
125, 126, 135 or 136, o _
(i) a VH CDR2 that has the amino acid sequence of SEQ ID NO: 127 or 128, and
(iii) a VH CDR3 that has the amino acid sequence of SEQ ID NO: 9.
In a preferred aspect of this embodiment, one or more of said light chain
variable region CDRs are seiecte;j from the group consisting of:
(i) a VL CDR1 that has the amino acid sequence of SEQ ID NO: 129 or 130,
(i) a VL CDR2 that has the amino acid sequence of SEQ ID NO: 131 or 132, and
(i) a VL. CDR3 that has the amino acid séquence nf SEQ ID NO: 133 (137) or 134
(138). Preferably, 2 or 3 of said light chain variable region CDRs are selected from
the above group. | |
. Certain further preferred embodiments of the invention provide an antibody
that binds to CCR4 and.which is capable of inhibiting the binding of MDC to CCR4
and that comprises: '
a VH domain that comprises one, two or three of the heavy chain CDRs of SEQ ID

NOs: 1, 2 or 3, or sequences substantially homologous to one or more of SEQ ID
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NOs:' 1,2 o0r3, and/or a VL domain that comprises one, two or three of the light chain
CDRs of SEQ ID NOs: 4, 5 or 6, or sequences substantially homologous to one or
more of SEQ ID NOs: 4, 5 or 6.

Certain further prefefred embodiments of the invention provide an antibody

~that binds to CCR4 and which is cabable of inhibiting the binding of MDC to CCR4
and thét comprises: a VH domain that comprises one, two or three of the heavy chain
CDRs of SEQ ID NOs: 7, 8, 9 or 101, or sequences substantially homologous to one
or more of SEQ ID NOs: 7, 8, 9 or 101, and/or a VL domain that comprises dne, two
or three of the light chain CDRs of SEQ ID NOs: 10, 11 or 12, or sequences

* substantially homologous to one or more of SEQ ID NOs: 10, 11 or 12.

Certain further preferred embodiments of the invention provide an antibody
that binds to CCR4 and which is capable of inhibiting the binding of MDC to CCR4
and that comprises: a VH domain that comprises one, two or three of the heavy chain
CDRs of SEQIDNOs: 7,8 or 9, or sequénces substanﬁally homologous to one or
more of SEQ ID NOs: 7, 8 or 9, and/or a VL domain that comprises one, two or three
of the light chain CDRs of SEQ\ID NOs: 108, 110 or 112, or Sequences substantially
homologous to one or more of SEQ ID NOs: 108, 110 or 112.

Certain further preferred embodiments of the invention provide an antibody
that binds to CCR4 and which is capable of inhibiting the binding of MDC to CCR4
and that comprises: a VH domain that comprises one, two or three of the heavy chain
CDRs of SEQ ID NOs: 1, 2 or 15, or sequences substantially homologous to one or
more of SEQ ID NOs: 1, 2 or 15, and/or a VL domain that comprise§ one, two or
three of the light chain CDRs of SEQ ID NOs: 16; 17 or 18, or sequences
substantially homologous to one or more of SEQ ID NOs: 16, 17 or 18.

Certain further preferred embodiments of the invention provide an antibody
that binds to CCR4 and which is capable of inhibiting the binding of MDC to CCR4
and that comprises: a VH domain that comprises one, two or three of the heavy chain
CDRs of SEQ ID NOs‘: 19, 20 or 21, or sequences substantially homologous to one
or more of SEQ ID NOs: 19, 20 or 21, and/or a VL domain that comprises one, two or
three of the Iigh_t chain CDRs of SEQ ID NOs: 22, 23 or 24, or sequences
substantially homologous to one or more of SEQ ID NOs: 22, 23 or 24.

Certain further preferred embodiments of the invention provide an antibody
that binds to CCR4 and which is capable of inhibiting the binding of MDC to CCR4
and that comprises: a VH domain that comprises one, two or three of the heavy chain
CDRs of SEQ ID NOs: 125, 127 or 9, or sequences substantially homologous to one
or more of SEQ ID NOs: 125, 127 or 9, and/or a VL domain that comprises one, two
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or three of the light chain CDRs of SEQ ID NOs: 129, 131 or 133 (137), or sequences
substantially homologous to one or more of SEQ ID NOs: 129, 131 or (137).

More especially preferred embodiments of the invention provide an antibody
that binds to CCR4 and which is capable of inhibiting the binding of MDC to CCR4
and that comprises: a VL domain that comprises 3 light chain CDRs and
a VH doma'i’n that comprises 3 heavy chain CDRs of SEQ ID NOs: 1, 2, and 3 or 15.
In preferred embodiments one, two or three of the light chain CDRs are as defined in
SEQIDNOs: 4,5and 6, or 16, 17 and 18. =

More especially preferred embodiments of the invention provide an antibody
that binds to CCR4 and which is capable of inhibiting the binding of MDC to CCR4
and that comprises: a VL domain that comprises 3 light chain CDRs and
a VH domain that comprises 3 heavy chain CDRs of SEQ ID NOs: 8, 9, and 7 or 101.
I‘.n preferred embodiments one, two or three of the light chain CDRs are as defined in
SEQ ID NOs: 10, 11 and 12, or 108, 110 and 112. V

More especially preferred embodiments of the invention provide an antibody
that binds to CCR4 and which is capabie of inhibiting the binding of MDC to CCR4
and that comprises: a VL domain that comprises 3 Iight chain CDRs and
a VH domain that comprises 3 heavy chain CDRs of SEQ ID NOs: 125, 127 and 9.
In preferred embodiments one, two or three of the light chain CDRs are as defined in
SEQ ID NOs: 129, 131 and 133 (137). _ |

" In all the embodiments of the present invention as described herein, X, where
present in an afnino acid sequence, represents a variable amino acid. Thus, where a
sequence comprises more than one X, each X may be different, but one or more X
méy also be the same. Preferably, at position 1 of SEQ ID NO: 125, X=S or N;
and/or at position 4 of SEQ ID NO: 125, X= | or M; and/or at position 1 of SEQ ID
NO: 127, X= G or A; and/or at position 3 of SEQ ID NO: 127, X=1 or S; and/or at
position 5 of SEQ ID NO: 127, X= | or S; and/or at position 6 of SEQ ID NO: 127, X=
F or G; and/or at posiﬁon 8 of SEQ ID NO: 127, X=T or S; and/or at position 9 of
SEQ ID NO: 127, X= A or T and/or at position 3 of SEQ ID NO: 129, X=S or G;
and/or at position 4 of SEQ ID NO: 129, X=T or G; and/or at position 9 of SEQID
NO: 129, X=S or R; and/or at position 10 of SEQ ID NO: 129, X= R or H; and/or at
position 11 of SEQ ID NO: 129, X= Y or F; and/or at position 13 of SEQ ID NO: 129,
X=Y or F; and/or at position 3 of SEQ ID NO: 131, X= H or N; and/or at position 2 of
SEQ ID NO: 133 or 137, X= A or V; and/or at position 6 of SEQ ID NO: 133 or 137,

‘ X=SorT.
‘ A preferred embodiment of SEQ ID NO: 125 is SEQ ID NO: 126, a preferred
embodiment of SEQ ID NO: 127 is SEQ ID NO: 128, a preferred embodiment of SEQ
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ID NO: 129 is SEQ ID NO: 130, a preferred embodiment of SEQ ID NO:131 is SEQ
ID NO: 132, and a preferred embodiment of SEQ ID NO:133 is SEQ ID NO: 134.

A preferred embodiment of SEQ 1D NO:125 and/or SEQ ID NO: 126 is SEQ
ID NO: 135, more preferably SEQ ID NO:136. A preferred embodiment of SEQ ID
NO: 133 is SEQ ID NO: 137 or SEQ ID NO:138. A preferred embodiment of SEQ 1D
‘NO: 134 is SEQ ID NO:138.

Embodiments in which a heavy chain CDR1 of SEQ ID NO: 125 is present
are preferred. Also preferred are embodiments in which a heavy chain CDR1 of SEQ
ID NO: 101 is present. Thus, the heavy chain CDR1 preferably starts with the amino
acid S (serine).

Certain preferred embodiments of the invention provide an anfibody that
binds to CCR4 and which ié capable of inhibiting the binding of MDC to CCR4
comprising a VH domain that has the amino acid sequence of SEQ ID NO: 139, 69,
71,73,750r1050ra sequehce substantially homologous thereto and/or a VL
domain that has the amino acid sequence of SEQ ID NO: 140, 70, 72, 74, 76 or 115.
ora seque'nce substantially homologous thereto. Preferably, said VH and/or VL '
domains have at least 1, 2, 3, 4, or 5, e.g. 6 of the CDR sequences disclosed herein.

Further preferred embodiments provide an antibody that binds to CCR4 and
which is capable of inhibiting the binding of MDC to CCR4 comprising a VH domain
'that has the amino acid sequence of SEQ ID NO: 139, 69, 71, 73, 75 or 105 and a
VL domain that comprises 3 light chain CDRs. Preferably said light chain CDRs
have SEQ ID NOs 4, 5 and 6, or 10, 11 and 12, or 16, 17 and 18, or 22, 23 and 24,
or 108, 110 and 112, or 129, 131 and 133 (137), or 130, 132 and 134 (138).

Further preferred embodiments provide an antibody that binds to CCR4 and

" which is capable of inhibiting the binding of MDC to CCR4 comprising a VH domain
that has the amino acid sequence of SEQ ID NO: 69 or a sequence substantially
hémologous thereto and’/or a VL domain that has the amino acid sequence of SEQ
ID NO: 70 or a sequence substantially homologous thereto. '

Further preferred embodiments provide an antibody that binds to CCR4 and

* which is capable of inhibiting the binding of MDC to CCR4 comprising a VH domain
that has the amino acid seqﬁence of SEQ ID NO: 71 or a sequence substantially
homologous thereto and/or a VL domain that has the amino acid sequence of SEQ
ID NO: 72 or a sequence substantially homologous thereto.

Further preferred embodiments provide an antibody that binds to CCR4 and
which is capable of inhibiting the binding of MDC to CCR4 comprising a VH domain

that has the amino acid sequence of SEQ ID NO: 71 or a sequence substantially
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homologous thereto and/or a VL domain that has the amino acid sequence of SEQ
ID NO: 115 or a sequence substantially homologous thereto.

Further preferred embodiments provide an-antibody that binds to CCR4 and
which is capable of inhibiting the binding of MDC to CCR4 comprising a VH domain
that has the_ amino acid sequence of SEQ ID NO: 105 or a sequence substantially
homologous thereto and/or a VL domain that has the amino acid sequence of SEQ
ID NO: 72 or a sequence substantially homologous thereto.

Further preferred embodiments provide an antibody that binds to CCR4 and
which is capable of inhibiting the binding of MDC to CCR4 comprising a VH domain
that has the amino acid sequence of SEQ ID NO: 73 or a sequence substantially
homologous thereto and/or a VL domain that has the amino acid sequence of SEQ
ID NO: 74 or a sequence substantially homologous thereto.

Further preferred embodiments provide an antibody that binds to CCR4 and
which is capable of inhibiting the binding of MDC to. CCR4 comprising a VH domain

‘that has the amino acid sequence of SEQ ID NO: 75 or a sequence substantially
homologous thereto and/or a VL domain that has the amino acid sequence of SEQ
ID NO: 76 or a seduence substantially homologous thereto.

Further preferred embodiments provide an antibody that binds to CCR4 and
which is capable of inhibiting the binding of MDC to CCR4 comprising a VH domain
that has the amino acid sequence of SEQ ID NO: 139 or a sequence substantially
homologous thereto and/or a VL domain that has the amino acid sequence of SEQ
ID NO: 140 or a sequence substantially homologous thereto.

In a yet .fu_rther embodiment, the present invention provides an antibody that
binds CCR4 and which is capable of inhibiting the binding of MDC to CCR4
comprising the amino acid sequence of SEQ ID NO: 35 (said antibody also being
referred to herein as 17G scFv), SEQ ID NO: 46 (said antibody also being referred to -
herein as 9E scFv), SEQ ID NO: 104 (said antibody also being referred to herein as
9E10J scFv), SEQ ID NO: 114 (said antibody also being referred to herein as 9E1D
scFv), SEQ ID NO: 57 (said antibody also being referred to herein as 10 scFv), or
SEQ ID NO: 68 (said antibody aiso being referred to herein as 11F scFv), or '
comprising a fragment of any thereof that binds CCR4 and which is capable of
inhibiting the binding of MDC to CCR4, or a sequence substantially homologous to
any of the above sequence.

The invention is exemplified by monoclonal antibodies 17G, 9E, 10, 11F,

" 9E10J and 9E1D, single chain forms of which are shown in Tables 1, 2, 3, 4, 11 and
12 (SEQ ID NOs: 35, 46, 57, 68, 103 and 114 respectively). Full length 1gG forms of

antibodies 17G, 9E, 10 and 11F have been made and their sequences are shown in
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Tables 5, 6, 7 and 8 respectively. The CDR domains, VH and VL domains of the
17G, 9E, 11F and 10 antibodies are shown in Tables 1 to 4 ahd Figures 1-4 and
CDR domains, VH and VL domains of the 9E10J and 9E1D antibodies are shown in
Tables 11 and 12. Full length IgG forms of antibodies 9E10J and 9E1D have been
made and their sequences are shown in Tables 13 and 14. Table 23 lists consensus -
sequences. Antibodies comprising these CDR domains or VH and VL domains (or
sequences substantially homologous thereto) are preferred aspects of the invention.

A preferred embodiment of the invention is a scFv form of the 17G antibody
comprising or consisting of SEQ ID NO: 35, which is preferably encoded by SEQ ID
NO: 34. More preferably, the antibody comprises or consists of the amino acid
sequence shown in Figure 1 and preferably this antibody is encoded by the nucleic
acid sequence shown in Figure 1.

Another preferred embodiment of the invention is a scFv form of the 9E
antibody comprising or consisting of SEQ ID NO: 46, which is preferably encoded by
SEQ ID NO: 45. More preferably, the antibody comprises or consists of the amino
acid sequence shown in Figure 2 and preferably this antibody is encoded by the
nucleic acid sequence shown in Figure 2.

Another preferred embodiment of the invention is a scFv form of the 9E10J
antibody comprising or consisting of SEQ ID NO: 104, which is preferably encoded
by SEQ ID NO: 103. More preferably, the antibody comprises or consists of the
amino acid sequence shown in Figure 27 and preferably this antibody is encoded by
the nucleic acid sequence shown in Figure 27.

Another preferred embodiment of the invention is a scFv form of the 9E1D
antibody comprising or consisting of SEQ ID NO: 114, which is preferably encoded
by SEQ ID NO: 113. More preferably, the antibody comprises or consists of the
amino acid sequence shown in Figure 28 and preferably this antibody is encoded by
the nucleic acid sequence shown in Figure 28.

Another preferred embodiment of the invention is a scFv form of the 10
antibody comprising or consisting of SEQ ID NO: 57, which is preferably encoded by
SEQ ID NO: 56. More preferably, the antibody comprises or consists of the amino
acid sequence shown in Figure 3 and preferably this antibody is encoded by the
nucleic acid sequence shown in Figure 3. |

Another preferred embodiment of the invention is a scFv form of the 11F
antibody comprising or consisting of SEQ ID NO: 68, which is preferably encoded by
SEQID NO: 67. Moré preferably, the antibody comprises or consists of the amino
acid sequence shown in Figure 4 and preferably this antibody is encoded by the

nucleic acid sequence shown in Figure 4.
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Other preferred embodiments are IgG forms of the 17G, 9E, 10, 11F, 9EJ10
and 9E1D anﬁbodies, preferably full length IgG forms. The IgG1 form of any of these
antibodies is most preferred. | |

Thus, another preferred em‘bodiment of the invention is a full length IgG
antibody which comprises a heavy chain Qf'SEQ ID NO: 87 (amino acid) and/or a
light chain of SEQ ID NO: 88 (amino acid). Also preferred is an IgG antibody which
comprises a heavy chain encoded by SEQ ID NO:85 and/or a light chain encoded by
SEQ ID NO:86. Itis of course understood that full IgG antibodies will comprise two
substantially identical heavy chains and two substantially identical light chains.

Another preferred embodimght of the invention is a full length IgG antibody
which comprises a heavy chain of SEQ ID NO: 91 (amino acid) and/or a light chain of
SEQ ID NO: 92 (amino acid). Also preferred is an IgG antibody which comprises a
heavy chain encoded by SEQ ID NO: 89 and/or a Iighf chain encoded by SEQ ID
NO: 90. ' ' _

Another preferred embodiment of the invention is a full length IgG antibody
which comprises a heavy chain of SEQ ID NO: 95 (amino acid) and/or a light chain of
SEQ ID NO: 96 (amino acid). Also preferred is an IgG antibody which comprises a
heavy chain encoded by SEQ 1D NO: 93 and/or a light chain encoded by SEQ ID
NO: 94. _

Another preferred embodiment of the invention is a full length IgG antibody
which comprises a heavy chain of SEQ 1D NO: 99 (amino acid) and/or a light chain of
SEQ ID NO: 100 (amino acid). Also preferred is an IgG antibody which comprises a
heavy chain encoded by SEQ ID NO: 97 and/or a light chain encoded by SEQID
NO: 98.

Anothér preferred embodiment of the invention is a full length IgG antibody
which comprises a heavy chain of SEQ ID NO: 119 (amino acid) and/or a light chain
of SEQ ID NO: 120 (amino acid). Also preferred is an IgG antibody which comprises
a heavy chain encoded by SEQ ID NO: 117 and/or a light chain encoded by SEQ ID
NO: 118. .

Another preferred embodiment of the invention is a full length IgG antibody
which comprises a heavy chain of SEQ ID NO: 123 (amino acid) and/of a light chain
of SEQ ID NO: 124 (amino acid). Also preferred is an IgG antibody which comprises
a heavy chain encoded by SEQ ID NO: 121 and/or a light chain encoded by SEQID
NO: 122.

It is believed that the antibodies of the invention may bind to a different
epitope to the known anti-CCR4 antibody family which comprises KM2160, KM3060,
KM2760 and KW-0761. Antibody KM2160 is a murine antibody which was raised
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against a peptide fragment of CCR4 and which recognises an epitope existing in a
region of positions 2-29 from the N-terminal amino acid of human CCR4 |
(EP1270595). KM2760 is a chimeric version of the antibody having the same binding
characteristics (EP1270595). Antibody KM3060 is identical to KM2760, except that
it is highly fucosylated (Niwa et al. 2004, Cancer Research 64, 2127-2133). KW-
0761 is a humanised version of KM2760 (Ishida et al. Annals'of Oncology 2008, vol
19, supplement 4, 513).

KM2760 has been reported not to block the interaction between CCR4 and
TARC or MDC (Ishida et al. 2006, Cancer Research 66 (11), pp 5716-5722), which is
consistent with the inventors' findings Using the equivalent antibody KM3060var -
(corresponding to KM3060, but potentially having a different sugar profile as it was
expressed in a different host) shown in Example 3. By contrast, the antibodieé of the
present invention were found to block the interaction between CCR4 and MDC-and
the interaction between CCR4 and TARC (see Example 3). This strongly éuggests
that the antibodies of the invention bind to a different epitope than the prior art family
which comprises KM2160, KM3060, KM2760 and KW-0761.

Moreover, antibodies 17G and 9E were found to compete with one another
for binding to CCR4, indicating that they bind to the same, similar or at least
overlapping epitopes. Neither of these antibodies competes with KM3060var for
binding to CCR4, indicating that KM3060var binds to a different epitope.

It is also believed that the antibodies of the invention may bind to a different
epitope to the commercially available anti-CCR4 antibody 1G1. BD Pharmingen
make it clear on the technical data sheet for this antibody that this antibody is hot a
neutralising antibody. By contrast, the antibodies of the present invention are
capable of blocking the binding of MDC and TARC to CCR4 and inhibiting the MDC
or TARC-induced increase in intracellular calcium ions. This strongly suggests that
the antibodies of the invention bind to a different epitope than the 1G1 antibody.

Thus, also provided are antibodies which can compete with any of the
antibodies described herein for binding to CCR4. _

The term "competing antibodies", as used herein, refers to antibodies that
bind to about, substantially or essentially the same, or even the.same, epitope as a
"reference antibody". "Competing antibodies” include antibodies with overlapping
epitope specificities. Competing antibodies are thus able to effectively compete with
a reference antibody for binding to CCR4. Preferably, the competing‘antibody can
bind to the same epitope as the reference antibody. Alternatively viewed, the
competing antibody preferably has the same epitope specificity as the reference

aniibody.
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"Reference antibodies" as used herein are antibodies which can bind to an
epitope in the extracellular domain of human CCR4 and which have one or more of
the CDR sequences are defined herein, preferably a VH and a VL domain as defined
herein, more preferably a VH of SEQ ID NO: 130 and a VL of SEQ ID NO: 140, or a
VH of SEQ ID NO: 69 and a VL of SEQ ID NO: 70, or a VH of SEQ ID NO: 71 and a
VL of SEQ ID NO: 72, or a VH of SEQ ID NO: 105 and a VL of SEQ ID NO: 72, 0r a
VH of SEQ ID NO: 71 and a VL of SEQ ID NO: 115, or a VH of SEQ ID NO: 73 and a

VL of SEQ ID NO: 74, ora VH of SEQ ID NO: 75 and a VL of SEQ ID NO: 76. Most
preferred reference antibodies are selected from 17G, 9E, 11F, 10, 9E10J and
9E1D. | |

The identification of one or more competing antibodies is a straightforward
technical matter now that reference antibodies such as 17G, 9E, 11F, 10, 9E10J and
9E1D have been provided. As the identification of competing antibodies is
determined in comparison to a reference antibody, it will be understood that actually
determining the epitope to which either or both antibodies bind is not in any way .
required in order to identify a competing antibody. However, epitope mapping can be
performed using standard techniques, if desired.

By way of example, the following methods for the identification and definition
of epitopes are mentioned herein. The amino acid sequence of CCR4 is known, so
synthetic peptides may be used for epitope mapping, e.g. using the Pepscan assay.
Site directed mutagenesis is also a powerful tool in epitope mapping and can be
used to evaluate the role of single amino acids in immune complex formation. Protein
footprinting relies on the fact that the epitope is protected from cleavage wr;en bound
as an antibody-antigen complex. Enzyme linked immunosorbent assay (ELISA) and .
haemaglutination and slot-blotting may also be used in epitope mapping.
Crystallisation of the antigen wit the antibody may be used to map a non-linear
epitope. Protocols for carrying out such methods are widely available and the skilled
person will be aware of suitable alternative methods of epitope mapping. '

The identification of competing antibodies can be readily determined using
any one of variety of immunological sCreeping assays in which antibody competition
can be assessed. All such assays are routine in the art and are further described
herein in detail. Each of U.S. Patent Nos. 6,342,219, 6,524,583, 7,056,509,
6,887,468, 6,342,221, 6,676,941, 6,703,020 and 6,416,758 are specifically
incorporated herein by reference for purposes including even further supplementing
the present teaching concerning how to identify compéting antibodies. Example 4 of

the present specification discloses a suitable competition assay.
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For example, where the test antibodies to be examined are obtained from
~ different source animals, or are even of a different isotype, a simple competition
assay may be employed in which the reference and test antibodies are admixed (or
pre-adsorbed) and applied to CCR4-containing composition, preferably cells
expressing CCR4, phage displaying CCR4, or biochips containing immobilised
CCR4. Protocols based upon ELISAs are particularly suitable for use in such simple
competition studies.

In certain embodiments, one would pre-mix the re%erence antibodies' (e.g.,
17G, 9E, 11F, 10, 9E10J and 9E1D) with varying amounts of the test antibodies

"(e.g., 1:10, 1:100 or 1:1000) for a period of time prior to applying to an antigen
composition. In other embodiments, the reference and varying amounts of test
antibodies can simply be admixed during exposure to the antigen composition. In
any event, by using species or isotype secondary antibodies one will be able to
detect only the bound reference _antibodiés, the binding of which will be reduced by
the presence of a test antibody that "competes" for binding.

In conducting an antibody competition study between a reference antibody
and any test antibody (irrespective of species or isotype), one may first label the
reference (e.g., 17G, 9E, 11F, 10, 9E10J and 9E1D) with a detectable label, such
as, e.qg., biotin or an enzymatic or radioactive label to enable subsequent
identification. In these cases, one would pre-mix or incubate the labeled reference.
antibodies with the test antibodies to be examined at various ratios (e.g., 1:10, 1:100
or 1:1000) and (optionally after a suitable period of time) then assay the reactivity of
the labeled reference antibodies and compare this with a control value in which no
potentially competing test antibody was included in the incubation.

The assay may be any one of a range of immunological assays based upon
antibody binding, and the reference antibodies would be detected by means of
detecting their label, e.g., using streptavidin in the case of biotinylated antibodies or
by using a chromogenic substrate in connection with an enzymatic label (such as
3,3'5,5'-tetramethylbenzidine (TMB) substrate with peroxidase enzyme) or by simply
detecting a radioactive label. An antibody that competes with the reference
antibodies for binding to CCR4 will be able to effectively or significantly reduce
reference antibody binding to CCR4, as evidenced by a reduction in bound label.

The reactivity of the (labeled) reference antibodies in the absence of a
completely irrelevant antibody would be the control high value. The control low value
would be obtained by incubating the labeled reference (e.g., 17G, 9E, 11F, 10,
9E10J or 9E1D) antibodies with unlabelled antibodies of exactly the same type, when

competition would occur and reduce binding of the labeled antibodies. In a test
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assay, a significant reduction in labeled antibody reactivity in the presence of a test
antibody is indicative of a test antibody that "competés" with the labeled antibody for
binding to CCR4. ‘ ' '

A significant reduction is a "reproducible", ie., cqnsistently observed,
reduction in binding. A "signiﬁcant reduction” in terms of the present application is
defined as a reproducible reductionv(in binding of the reference antibody to CCR4 in
an ELISA) of at least about 20%, more preferably at least about 25, 30, 35, 40, 45,
50, 55, 60 or 65%, even more préferably at least about 70%, about 75% or about
80% at any ratio between about 1:10 and about 1:100. Antibodies with even more
stringent competing activities will exhibit a reproducible reduction (in binding of the
reference antibody to CCR4 in an ELISA or other suitable assay) of at least about
82%, about 85%, about 88%, about 90%, about 92% or about 95% or so at any ratio
between about 1:10 and about 1:100. Compléte or near-complete cbmpeti_tion, such
as exhibiting a reproducible reduction in binding of the. reference antibody to CCR4 of
about 99%, about 98%, about 97% or about 96% or so, although by no means
required to practvice the invention, is certainly not excluded. ‘ -

The method described above is only one example of a suitable competition
assay. The skilled person will be aware of other suitable methods and variations. An
alternative competition assay is described be|ow; | '

Before the alternative competition assay is performed using flow cytometry,
some quantities of the tested antibody should be labeled, e.g. by biotinylation. The
functionality (retention of the cell-binding properties) of the biotinylated product and
the minimal concentration of the biotinylated antibody of the invention (Ab1) that
" gives sUb-maximaI binding against a fixed number of CCR4+ cells is determined. A
total of 10° cells are harvested from exponentially growing cultures and incubated
- with various antibody concentrations for a suitable period of time at a suitable
temperature, e.g. 1 hr at 4°C. The cells are washed and incubated with a suitable
detectidn antibody for a suitable period of time at a suitable temperaturé, e.g.an
additional hour at 4°C. After washing, the cells are analyzed by flow cytometry. For
each test antibody, a saturation curve is generated from the data by plottihg median
fluorescence intensity (MF!) against the antibody concentration.

For the alternative competition assay, CCR4+ cells may be prepared as
above and treated in duplicate with a mixture of fixed concentration of labeled
(biotinylated) antibody (bio-Ab1) and increasing concentrations of non-labeled
competitive antibody. The fixed concentration is the minimal concentration of
antibody that generates reasonable fluorescence signal against ay fixed number of

tumor cells as determined above. Ideally, this fixed concentration in nM should be
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below the afﬁnity. of the treated antibody at equilibrium (Kp). In this case the
described method can be used for estimation of affinities of competitive antibodies
(Schodin and Kranz, 1993, J Biol Chem 268:25755-7). The antibody mixture is
incubated with target cells for a suitable period of time at a suitable temperature, e.g.
1 hr at 4°C. The cells are washed and the cell binding of biotinylated antibody is
revealed by incubation with FITC-labeled streptavidin. After subtracting the
- background fluorescence (PBS-5% FCS) from the median fluorescence reading for
each test sample (bio-Ab1 + Ab2), the percenf of inhibition is calculated for each Ab2
concentration “c” according to the formula: '
% inhibition = (1- MFI bio-Ab+ ADZ'” | \F bie-Ab1y % 100
is calculated. |
Any antibodies which can bind to CCR4 and which are capable of inhibiting
the binding of MDC to CCR4 and which can compete with any of the antibodies
described herein are contemplated, but preferred antibodies are set out below.
Accordingly, in some preferred embodiments there is provided the following.
| An antibody which binds to an epitope in the extracellular domain of human
CC chemokine receptor 4 (CCR4) and which is cépable of inhibiting the binding of
MDC to CCR4, wherein said antibody
(a) comprises at least one heavy chain variable region that comprises three CDRs
and at least one light chain variable region that comprises three CDRs‘,
wherein said light chain variable region comprises: ’
(i) a variable light (VL) CDR1 that has the amino acid sequence of SEQ ID NO: 4;
(i) a VL CDR2 that has the amino acid sequence of SEQ ID NO: 5; and/or
(i) a VL CDRS3 that has the amino acid sequence of SEQ ID NO: 6; and/or
wherein said heavy chain variable region comprises ' '
(iv) a variable heavy (VH) CDR1 that has the amino acid sequence of SEQ ID NO: 1;
(v) a VH CDR2 that has the amino acid sequence of SEQ ID NO: 2; and/or
(vi) a VH CDR3 that has the amino acid sequence of SEQ ID NO: 3; or
(b) is an antibody which can compete with antibody (a) for binding to CCR4.
An antibody which binds to an epitope in the extracellular domain of human
CC chemokine receptor 4 (CCR4) and which is capable of inhibiting the binding.of
MDC to CCR4, wherein said antibody '
(a) comprises at least one heavy-chain variable region that comprises three CDRs -
and at least one light chain variable region that comprises three CDRs,
wherein said light chain variable region comprisés:
(i) a variable light (VAL) CDR1 that has the amino acid sequence of SEQ ID NO: 10;
(ii) a VL CDR2 that has the amino acid sequence of SEQ ID NO: 11; and/or
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(iii) a VL CDR3 that has the amino acid sequence of SEQ ID NO: 12; and/or

wherein said heavy chain variable region comprises

(iv) a variable heavy (VH) CDR1 that has the amino acid sequence of SEQ ID NO: 7 \
or 101; o

(v) a VH CDR2 that has the amino acid sequence of SEQ ID NO: 8; and/or

(vi) a VH CDR3 that has the amino acid sequence of SEQ ID NO: 9; or

(b) is an antibody which can compete with antibedy (a) for'binding to CCRA4.

’ An antibody which binds to an epitope in the extracellular domain of human
CC chemokine receptor 4 (CCR4) and which is capable of inhibiting the blndlng of
MDC to CCRA4, wherein said antibody .

(a) comprlses at least one heavy chain variable region that comprises three CDRs
and at least one light chain variable region that comprises three CDRs,
wherein said light chain variable region eomprises:
" (i) a variable light (VL) CDR1 that has the amino acid sequence of SEQ ID NO: 108;
- (i) a VL. CDR2 that has the amino acid sequence of SEQ ID NO: 110; and/or
(iii) a VL. CDR3 that has the amino acid sequence of SEQ ID NO: 112; and/or
wherein said heavy chain vanable region comprlses ' |
(iv) a variable heavy (VH) CDR1 that has the amino acid sequence of SEQ ID NO 7;
(v) a VH CDR2 that has the amino acid sequence of SEQ ID NO: 8; and/or
(vi) a VH CDR3 that has the amino acid sequence of SEQ ID NO:.9; or
b) is an antibody which can compete with antibody (a) for binding to CCR4.
An antibody which binds to an epitope in the extracellular domain of human
CC chemokine receptor 4 (CCR4) and which is capable of inhibiting the binding of
MDC to CCR4, wherein said antibody
(a) comprises at least one heavy chain variable region that comprises three CDRs
and at least one light chain variable region that comprises three CDRs, - '
I wherein said light chain variable region comprises:
(i) a variable light (VL) CDR1 that has the amino acid sequence of SEQ ID NO: 16;
(ii)a VL CDR2 that has the amino acid sequence of SEQ ID NO: 17; and/or |
(iii) a VL CDR3 that has the amino acid sequence of SEQ ID NO: 18; and/or
wherein said heavy chain variable region comprises
(iv) a variable heavy (VH) CDR1 that has the amino: acid sequence of SEQ ID NO: 1;
(v)a VH CDR?2 that has the amino acid sequence of SEQ ID NO: 2; and/or
(vi) a VH CDR3 that has the amino acid sequence of SEQ ID NO: 15; or
b) is an antibody which can compete with antibody (a) for binding to CCR4.
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An antibody which binds to an epitope in the extracellulér domain of human
CC chemokine receptor 4 (CCR4) and which is capable of inhibiting the binding of
MDC to CCR4, wherein said antibody A
(a) comprises at least one heavy chain variable region that comprises three CDRs
and at least one light chain variable region that compriées three CDRs,
wherein said light chain variable region comprises: ‘
(i) a variable light (VL) CDR1 that has the amino acid séquence of SEQ ID NO: 22;
(i) a VL CDR2 that has the amino acid sequence of SEQ ID NO: 23; and/or
(iii) a VL CDR3 that has the amino acid sequence of SEQ ID NO: 24; and/or
wherein said heavy chain variable region comprises |
(iv) a variable heavy (VH) CDR1 that has the amino acid sequence of SEQ ID NO:
-19; ,
(v) a VH CDR2 that has the amino acid sequence of SEQ ID NO: 20;‘ and/or
(vi) a VH CDR3 that has the amino acid sequence of SEQ ID NO: 21; or
(b) is an antibody which can compete with antibody (a) for binding to CCR4.
An antibody which binds to an epitope in the extracellular domain of-human CC
chemokine receptor 4 (CCR4) and which is capable of inhibiting the binding of MDC
to CCR4 wherein said ant|body
(a) comprises at least one heavy chain variable region that comprises three CDRs
and at least one light chain variable region that comprises three CDRs,
whereih said light chain variable region comprises:
(i) a variable light (VL) CDR1 that has the amino acid sequence of SEQ ID NO: 129
or 130; o
(ii) a VL CDR2 that has the amino acid sequence of SEQ ID NO: 131 or 132; and/or
(iii) a VL CDR3 that has the amino acid sequence of SEQ ID NO: 133, 134, 137 or
138; and/or
wherein said heavy chain variable region comprises
(iv) a variable heavy (VH) CDR1 that has the amino acid sequence of SEQ ID NO:
125, 126, 135 or 136;
(v) a VH CDR?2 that has the amino acid sequence of SEQ ID NO: 127 or 128; and/or
(vi) a VH CDR3 that has the amino acid sequence of SEQ'ID NO: 9; or .
(b) is an antibody which can compete with antibody (a) for binding to CCR4.
In one embodiment, the antibody
(a) has a VH domain of SEQ ID NO: 69 and a VL domain of SEQ ID NO: 70; or
(b)is an antibody which can compete with antibody (a) for binding to CCRA4.
’ In one embodiment, the antibody |
(a) has a VH domain of SEQ ID NO: 71 and a VL domain of SEQ ID NO: 72; or
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~ (b) is an antibody which can compete with antibody (a) for binding to CCR4.

In one embodiment, the antibody
(a) has a VH domain of SEQ ID NO: 105 and a VL domain of SEQ ID NO: 72; or
(b) is an antibody which can compete with antibody (a) for binding to CCR4.

In one embodiment, the antibody
(a) has a VH domain of SEQ ID NO: 71-and a VL domain of SEQ ID NO: 115; or
(b) is an antibody which can compete with antibody (a) for binding to CCR4.

In one embodiment, the antibody

(a) hasa VH domain of SEQ ID NO: 73 and a VL domain of SEQ ID NO: 74; or
(b)> is an antibody which can compete with antibody (a) for binding to CCRA4.

In one embodiment, the antibody
(a) 4has a VH domain of SEQ ID NO: 75 and a VL domain of SEQ ID NO: 76; or
(b) 'is an antibody which can compete with antibody (a) for binding to CCR4.

In one embodiment, the antibody | '

(a) has a VH domain of SEQ ID NO: 139 and a VL domain of SEQ ID NO: 140; or
(b) is an antibody which can compete with antibody (a) for binding to CCR4.

Preferably, antibody (b) has one or more of the CDR sequences, VH domains
and/or VL domains described herein. '

Preferably, éntibody (b) can bind to the same epitope as antibody (a).

Certain examples of substantially homologous sequences are sequences that
have at least 70% identity to the amino acid sequen'ces disclosed. In certain
embodiments, the antibodies of the invention that bind to CCR4 and which are
capable of‘inhibiting the binding of MDC to CCR4 comprise at least one light chain
variable region that includes an amino acid sequence region of at least about 75%,
more preferably at least about 80%, more preferably at least about 85%, more
preferably at least about 90% or 95% and most preferably at least about 97% amino
acid sequence identity to the amino acid sequence of SEQ ID NO: 140, 70, 72, 74,
76 or 115; and/or at least one heavy chain variable region that includes an amino
acid sequence region of at least about 75%, more preferably at least about 80%,
more preferably at least about 85%, more preferably at least about 90% or 95% and
most preferably at least about 97% amino acid sequence identity to the amino acid
sequence of SEQ ID NO: 139, 69, 71, 73, 75 or 105. '

Other preferred examples of substantially homologous sequences are
sequences containing conservative amino acid substitutions of the amino acid
sequences disclosed.

Other preferred examples of substantially homologous sequences are

sequehces containing up to 1, 2, 3 or 4 preferably up to 1 or 2, altered amino acids in
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one or more of the CDR regions disclosed. Such alterations might be consérvative
or non-conservative amino acid substitutions, or a mixture thereof. -

In all such embodiments, preferred alterations are conservative amino acid
substitutions. »

In all embodiments, the antibodies containing substantially homologous
sequences retain the ability to bind CCR4 and the ability to inhibit the binding of MDC
to CCR4. . '

Other embodiments of the present invention provide bind-ing broteins that bind
to CCR4 and have the ability to inhibit the binding of MDC to CCR4 and that
comprise an antibody of the invention, a VH or VL domain of the invention, or one or
more of the CDRs of the invention. In a breferred embodiment, such binding proteins
are antibodies.

Preferred antibodies of the invention comprise at least one heavy chain
variable region that comprises three CDRs and at least one light chain variable
region that comprises three CDRs. Exemplary and preferred sequences for these
CDRs are described herein.

As used herein, the succinct term "CCR4", unless otherwise specifically
stated or made clear from the scientific terminology, means CC chemokine receptor
4 (also known as CD194).

CCR4 may be free CCR4, e.g. recombinant or purified CCRA4, but preferably it
is present in a native form, e.g. on the surface of a cell.

The antibodies or binding proteins of the invention can also bind to fragments
of CCR4, in particular fragments comprising or consisting of the extracellular domain,
" or can bind to entities comprising CCRA4 or fragments of CCRA4. Indeed, the epitope

of the antibodies of the mventlon is located in the extracellular domain of CCRA4.
" CCR4" may also refer to any form’ of CCR4, partlcularly as CCR4is
* conserved across mammalian species. The antibodies or antibody fragments of the
invention may thus b|nd to human monkey (e.g. cynomolgus monkey), cow (bovine),
mouse, rat, hamster, ferret, guunea pig and/or rabbit CCR4, for example. Preferably,
the antibodies or antibody fragments of the invention will bind at least to human
CCR4. Thus, unless stated otherwise, any reference herein to "CCR4" may be read
to mean "human CCR4". In certain preferred émbodiments, the antibodies or
antibody fragments of the invention will bind at least to human and monkey (e.g.
cynomologus monkey) CCR4. In other preferred embodiments the antlbodles or
- antibody fragments of the invention will bind at least to human and mouse CCR4. In
other preferred embodiments the antibodies or antibody fragments of the invention

will bind at least to human, monkey and mouse CCR4. In other preferred
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embodiments the antibodies or antibody fragments of the invention will bind at least
“to human, monkey, guinea pig and mouse CCRA4. Antibodie’s 9E and 9E10J can bind
to human and monkey CCRA4, but not to murine CCR4 (Example 8), so in some
preferred embodiments, the antibodies or antibody fragments of the invention will
Abind at least to human and monkey CCR4, but not to murine CCR4. In other
preferred embodiments, the antibodies or antibody-fragments of the invention will
bind to human and monkey CCR4, but not to murinev CCR4, e.g. only to human and
monkey CCR4.

"As used herein, the term “that binds to CCR4" or "anti-CCR4" in the context
of antibodies or antibody. fragments of the present invention, means antibodies or
antibody fragments that are capable of one or more of the following; preferably, of
more than one of the followihg; and most preferably, of all of the following: |
(a) bind to CCR4 expressed on the surface of a cell, e.g. as assessed by flow
cytometry or immunohistochemistry;

(b) bind to a conformationally dependent (e.g. non linear) CCR4 epitope, e.g. as
assessed by binding to CCR4 in a Western blot under non-reducing conditions;
(c) bind to free CCR4; e.g. recombinantly expressed CCR4, on a solid support,
e.g. as assessed by ELISA assay or BlAcore assay;
(d) bind at least to human CCR4, more preferably to human and monkey CCR4
or to human and mouse CCR4, most preferably to human, monkey and mouse CCR4
or to human and monkey CCR4 but not mouse CCR4;
(e) bind to human CCR4 with a binding affinity (Kd) of 10nM or less, preferably
5nM or less, more preferably 3nM or less or 2nM or less, most preferably 1nM or less
as also discussed elsewhere herein,; :
" bind to human and monkey CCR4 or to human and mouse CCR4, preferably
to human and monkey CCR4 but not mouse CCR4, with similar affinities, e.g. with a
Kd of 10nM or less, preferably 5nM or less, more preferably 3nM or less or 2nM or
less, for example 1nM or less as also discussed elsewhere herein;
. Preferred antibodies or antibody fragments of the present invention are also

| capable of one or more of the following; preferably,' of more than one of the following;
and most preferably, of all of the following functional preperties:
(9) induce ADCC of CCR4+ cells as described elsewhere herein;
(h) inhibit the binding of CCR4 to at least MDC and/or TARC, preferably MDC
and TARC, or preferably at least MDC and/or TARC and one or more selected from
RANTES, MCP-1 and MIP-1alpha ) '
(i)  induce anti tumour effects in vivo;,

)] localize to tumours upon administration to an animal with a tumour;
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(k) induce CDC of CCR4+ cells;

()] inhibit CCR4-mediated cellular responses to a CCR4 ligand, preferably inhibit
the increase in intracellular calcium ion concentration in response to a CCR4 ligand;
(m)  inhibit chemotaxis of CCR4+ cells towards a. CCR4 ligand such as MDC

In the context‘of binding to CCR4+ cells, it should be understood that the
antibodies of the present invention bind to CCR4+ cells and do not significantly bind
to CCR4 cells (as shown in Example 2). _ ' .

The term “do not significantly bind to CCR4 cells” should be understood
such that any binding of the antibody to CCR4™ cells does not prohibit the use of
said antibody for therapeutic or diagnostic purposes. Thus, by "insignificant” binding
to CCR4" cells is meant that the binding of the antibody to CCR4" cells is weaker
than its binding to one or mdre CCR4" cells. Some cross-reaction with normal cells
may thus occur, but this level of binding can be considered to be "background"
binding. For therapeutic or diagnostic purposés the main consideration is that the
antibody must bind more strongly to one or more types of CCR4" cells than to any
CCR4 with which the antibody may come into contact during the therapeutic or
diagnostic application.

The antibody of the invention may be referred to as "CCR4-specific". The
term “CCR-specific” should be interpreted suéh that the binding of the antibody to
CCRA4 expressing cells is specific enough to allow the use of said antibody for
therapeutic or diagnostic purposes. The skilled person can easily determine if any
given antibody is CCR4-specific by comparing the binding strength to the target
CCR4" cell with the binding strength to one or more types of CCR4" cells, e.g. wild-
type (i.e. not transformed with CCR4) HEK293T-cells or DT40-cells. '

The skilled persoﬁ will be aware that binding to CCR4" cells compared to
CCR4 cells may be aséessed, for example, using flow cytometry and a suitable
example is described in Example 2.

immunohistochemistry techniques, which are well known in the art, may be
used to score the binding of antibodies to cells or samples. Such assays may be

used to test the specificity of a partlcu|ar antibody, or to detect CCR4 expression in
tissue samples. Briefly, the antibody may tested for example on a hlgh -density array
of human tissues including a positive control (cells known to be CCR4- positive) and a
negative contrail (cells known to be CCR4-negative). The membranous staining
intensity may be estimated by visual inspection in a four step scale (0,1,2,3).
Preferred antibodies show weak or strong, preferably strong immunohistochemical

scores for CCR4+ tissues .
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Species cross-reactivity may be assayed using known methods and a
suitable assay is described in Example 8.

' The antibodies 17G, 9E, 10 and '1 1F have been shown to be capable of
inhibiting the binding of CCR4 to its ligands TARC and MDC (Example 3). Thus,
preferably the antibodies of the invention are capable of inhibiting the binding of
CCR4 to one or more of its ligands. Preferably, the binding to at least MDC is
inhibited. More preferably, the binding to MDC and TARC is inhibited. In some
embodiments, the binding of CCR4 to TARC is inhibited. In embodiments of any of
the aspects disclosed herein, the antibodies of the invention are capable of inhibiting
the binding of MDC and/or TARC to CCR4. Thus, although reference is made '
throughout this text to the inhibition of the binding of MDC to CCRA4, an embodiment
of any of the aspects and embodiments disclosed herein is the inhibition of binding to
MDC and/or TARC.

By the "inhibition of binding" of a ligand to CCR4 is meant that binding of the
ligand to CCR4 is reduced by at least 20, 30, or 40%, more preferably at least 45, 50,
55, 60, 65, 70 or 75%, even more preferably at least 80% in the presence of the’
antibody compared to binding in the absence of the antibody. Embodiments in which
the binding of ligand to CCR4 is reduced by at least 85, 90 or 95% are also
contemplated. Altérnatively viewed, when the ligand is first contacted with CCR4 and
the antibody is subsequently added, the ligand can inhibit the binding of the antibody
to CCRA4.

Assays for determining whether an antibody can inhibit the binding of a ligand
to CCR4 are well known and a suitable assay is descried in Example 3. Briefly,
CCR4+ cells were incubated with MDC or without MDC, then antibody was added
and the antibody was then detected with labeled anti-human antibody. Pre-
incubation in the presence of MDC resulted in a reduction in antibody binding to
CCR4. Particularly, the binding of antibody to DT40 cells (ATCC CRL-21 11)
transfected with CCR4 and pre—ingubated with MDC or TARC is inhibited.

Alternative assays for determining whether an antibody can block the binding
of a ligand to CCR4linclude the use of labeled ligand, e.g. radiolabelled ligand. A
suitable assay is described in Example 9.

The antibodies 17G and 9E have been shown to be capable of inhibiting
CCR4-mediated cellular responses to a CCR4 ligand, in particular by inhibiting the
increase in intracellular calcium ion concentration in response to a CCR4 ligand (sée
Example 5). Dose-dependent inhibition of TARC-induced signalling was
demonstrated for antibodies 9E and 9E10J (see Example 5). Thus, the antibodies of

the invention are preferably capable of inhibiting CCR4-mediated cellular responses
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to a CCR4 ligand, in particular by inhibiting the increase in intracellular calcium ion
concentration in response to a CCR4 ligand. In particular, the antibodies are
preferably capable of inhibiting MDC-induced calcium flux and/or TARC-induced
calcium 1_‘qu in CCRF-CEM cells (ATCC CCL-119). Suitable assay methods are |
known and one assay is disclosed in Example 5.

Other preferred properties include the absence of significant toxicity in vivo
when the antibodies of the invention are administered and the absence of significant
other side effects in vivo. .

in some embodiments, the antibodies may inhibit chemotaxis of CCR4+ cells
towards a ligand of CCR4 such as'"MDC or TARC. Antibodies 9E and 9E10J were
shown to be able to inhibit chemotaxis of CCR4+ cells towards a ligand of CCR4
(Example 13). Thus, the antibodies of the invention are preferably capable of inhibit
chemotaxis of CCR4+ cells towards a ligand of CCR4, preferébly MDC and/or TARC.

In some embodiments, the antibodies may induce complement—dependent
cytotoxicity (CDC) of CCR4+ cells, but in other embodiments the antibodies are not
capable of inducing CDC. In some embodiments, the antibodies may induce
apoptosis of CCR4+ cells, but in other embodiments the antibodies are not‘ capable
of inducing apoptosis. Antibody 9E was shown not to induce apoptosis of Ramos
cells (see Example 12), so the antibodies of the invention are in some embodiments
not capable of inducing significant apoptosis of CCR4+ cells. In some embodiments,
the antibodies may be internalised by CCR4+ cells upon binding to CCR4, but in
other embodiments no significant internalisation takes place.

The induction of apoptosis may be assayed using weil-known standard
methods, for example methods which assay Annexin V staining. Briefly, cells may be
incubated with an antibody for a suitable period of time, e.g. 24 hours and the effect,
after cell harvesting and Annexin V staining may be measured by FACS analysis
(e.g. using EasyCyte). '

The induction of CDC may be assayed using well-known standard methods,
for example methods which measure the relative number of viable cells based on the
uptake and metabolism of a redox dye such as Alamar blue. A suitable assay is
disclosed in H Gazzano-Santoro et al. J Immunol Methods. 1997, 28;202(2):163-71.

The skilled person will be aware of suitable ways to assay internalisation, for
example using temperature-differential fluorescence labeling on flow cytometry or
confocal microscopy. An example of a suitable assay involves a secondary antibody
labelled with a pH-sensitive dye (such as CypHer5E), which is minimally fluorescent .
at a basic pH (as found outside of cells) and maximally fluorescent at an acidic pH

(as found inside of cells).
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The inhibition of chemotaxis may be assayed using standard methods, for
example using a transwell assay. Briefly, cells capable of chemotaxis and which
express CCR4 are contacted with an antibody in one chamber and a ligand of CCR4
such as MDC is placed in another chamber separated from the first chamber by a

“membrane of filter having a suitable pore size. The effect of the antibody on cell
migration towards the ligand (chemotaxis) is determined by comparing chemotaxis in
the presence of the antibody to chemotaxis in the absence of the antibody.

The term "ligand" of CCR4 includes the natural ligands of CCR4 srrch as
MDC, TARC, RANTES, MCP-1 and/or MIP-1alpha, which may be naturally broduced,
recombinantly expressed or synthesised in the laboratory.

By "CCR4" cells" is meant cells which express CCR4 on their surface, -
preferably at least substantially in its wild-type conformation. CCR4+ cells may be
naturally positive for CCR4, or they may be transformants which express
recombinant CCRA4. |

In light of this invention, therefore, a range of anti-CCR4-antibodies can be
made and used in a variety of embodiments, including in the treatment of any of the
disorders discussed elsewhere herein, particularly cancer, immune disorders,

" _inflammatory disorders and infections. ,

As used throughout the entire application, the terms "a" and "an" are used in
the sense that they mean "at least one", "at least a first", "one or more" or "a plurality”
of the referenced components or steps, except in instances wherein an upper limit is
thereafter specifically stated. Therefore, an "antibody", as used herein, means "at
least a first antibody". The operable Iimits’ and parameters of combinaiions, as with
the amounts of any single agent, will be known to those of ordinary skill in the art in
light of the present disclosure. .

Preferred embodiments of the invention are compositions comprising at least
one anti-CCR4 antibody of the invention, or antigen binding fragment thereof.

Nucleic acid molecules comprising nucleotide sequences that encode the
antibodies of the present invention as defined herein or parts or fragments thereof, or
nucleic acid molecules substantially homologous thereto, form yet further as-pects of

the invention. Preferred nucleic acid molecules comprise sequences which encode
the amino acid sequence set out in SEQ ID NO: 35 (which is preferably encoded by
SEQ ID NO: 34), SEQ ID NO: 46 (which is preferably encoded by SEQ ID NO: 45),
SEQ ID NO: 104 (which is preferably encoded by SEQ ID NO: 103), SEQ ID NO: 114
(which is breferably encoded by SEQ ID NO: 113), SEQ ID NO: 57 (which is
preferably encoded by SEQ ID NO: 56) or SEQ ID NO: 68 (which is preferably

encoded by SEQ ID NO: 67). Other preferred nucleic acid molecules comprise
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" sequences which encode a heavy chain variable region (VH) that has the amino acid
sequence of SEQ ID NO: 69, 71, 73, 75 or 105 (which is preferably encoded by SEQ
ID NO: 77, 79, 81, 83 or 106 respectively) or 139, and/or comprise sequences which
encode a light chain variable region (VL) which has the amino acid sequence of
SEQ ID NO: 70, 72, 74, 76 or 115 (which is preferably encoded by SEQ ID NO: 78, '
80, 82, 84 or 116 respectively) or 140. More preferred are nucleic acids which
encode the following combinations: SEQ ID NOs: 139 alnd 140; or SEQ ID NOs: 69
and 70; or SEQ ID NOs: 71 and 72; or SEQ ID NOs 105 and 72; or SEQ ID NOs 71
and 115; or SEQ ID NOs 73 and 74; or SEQ ID NOs 75 and 76. Also preferred are
nucleic acid molecules which comprise the foIIoWing combinations: SEQ ID NOs: 77
and 78; or SEQ ID NOs: 79 and 80; or SEQ ID NOs: 106 and 80; or SEQ ID NOs: 79
and 116: or SEQ ID NOs: 81 and 82; or SEQ ID NOs: 83 and 84. '

Other preferred nucleic acid molécules comprise sequences that encode IgG
forms of the antibodies of the invention, for example those as described in Example
1, or murine ‘chimeric forms

As indicated above other nucleic acid molecules encompassed by the
present invention are those enchlng parts or fragments of the human antibodies of
the present invention, e.g., those encoding a heavy chain variable region (VH) of an
antibody (e.g., those encoding SEQ ID NO: 69, 71, 73, 75 or 105, such as SEQ ID
NOs: 77, 79, 81, 83 or 106 respectively) or those encoding a light chain variabie
region (VL) of an antibody (e.g., those encoding SEQ ID NO: 70, 72, 74, 76 or 115,
such as SEQ ID NO: 78, 80, 82, 84 or 116 respectively). Other preferred nucleic acid
molecules are those encoding a heavy chain of an antibody of the present invention
(e.g., those encoding SEQ ID NO:87, 91, 95, 99, 119 or 123, such as SEQ ID NOs:
85, 89 93,97, 117 or 121 respectlvely) or those encoding a light chain of an antibody
(e.g., those encodmg SEQ ID NO: 88, 92, 96, 100, 120 or 124 such as SEQ ID NOs:
86, 90, 94, 98, 118 or 122 respectively). ‘

Thus, fragments of the antibodies of the invention as defined herein, or
sequences substantially homologous thereto, or nucleic acid molecules comprising
sequences encoding such fragments form a yet further aspect of the invention.

Advantageously, the antibodies of the present invention, when in IgG format,
have a high binding affinity for CCR4, i.e., have a Kd in the range of 1x1 0% Mor
1x10° M or less. Importantly, antibodies with such an affinity are in the established
range that has been shown to be useful for therapy. Preferably, the antibodies of the
invention, when in IgG format, have a bihding affinity for CCR4 that corresponds to a
Kd of less than 30 nM, 20 nM, 15 nM or 10 nM, more preferably of less than 10, 9.5,
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9,85,8,75,7,6.5,6,55,5,4.5, 4,35, 3,25, 2, 1.5 or 1 nM, most preferably less
than 0.9, 0.8, 0.7, 0.6, 0.5, 0.4, 0.3, 0.2 or 0.1 nM.

- Any appropriate method of determining Kd may be used. However, _
preferably the Kd is determined by testing various concentrations of the test antibody
against various concentrations of antigen (CCR4) in vitro to establish a saturation
curve, for example using the Lineweaver-Burk method, or by using commercially
available binding model software, such as the 1:1 binding model in the BlAcore 1000
Evaluation software. A suitable assay in which Kd values were calculated from IgG
titrations on CCR+ cells using "one site-specific binding" model f the software Prism
(GraphPad, San Diego, CA) is used in Example 2.

With rggard to determinations of Kd values, the skilled person will appreciate
that apparent Kd values derived from binding experiments using cells expressing a
target (e.g. CCR4) cannot be considered to be an absolute ‘indication of affinity,
because the experimental conditions will affect the apparent binding affinity. For
example, the levels of expression of CCR4 may vary depending on- the conditions
under which the cells are cultured, as well as differing between different cell types. It
is consequently best to compare apparent Kd values obtained within one set of
experiments and it may not always be appropriate to compare Kd values obtained in
one set of experiments with Kd values obtained in a different set of experiments,
particularly if the experimental conditions varied significantly. ‘

Alternatively, the off-rate and the antibody haif-life on the surface of the
CCR4-positive cell can be determined by performing the cell surface retention assay
Adams et al., 1998, Prolonged in vivo tumour retention of a human diabody targeting
the extracellular domain of human HER2/neu. Br J Cancer 77: 1405-12; Le Gall et
al., 1999, Di-, tri- and tetrameric single chain Fv antibody fragments against human
CD19: effect of valency on cell binding. FEBS Leit 4563: 164-8. The latter method
allows more appropriate mimicking the real situation in human patient under the
treatment conditions. o

In some embodiments, antibodies of the invention may bind to both human
CCR4 and monkey CCR4. Such cross-reactivity between species and in particular
between humans and species commonly used as pre-clinical animal models may be
an advantage as it allows a more effective translation from pre-clinical studies to

" clinical use. For example, having an antibody which cross reacts with the native
CCR4 present in the particular animal model used means that the results in this
model are more likely to reflect the situation in a human patient, thereby allowing a
more accurate asséssment of for example dosing to be made and an increased

" likelihood of identifying any potentially relevant or problematic side effects.
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For example, the ability of an antibody of the invention to bind to both human CCR4
-and monkey CCR4 means that such antibodies can be tested in preclinical toxicity
studies to assess adverse side effects of the treatment and to find appropriate
tolerated dosages. . |
In addition, the ability to bind bdth human CCR4 and mouse CCR4 means

that the results shown by such antibodies of the invention in mouse models, e.g. ‘
mouse syngeneic models using immunocompetent mice, are more likely to be
representative of the activity of the antibodies in human subjects. The reason for this
is that antibodies which can bind to human CCR4 but not mouse CCR4 will bind to
CCR4 expressed by the human tumor cells in the mouse model but will not be able to
bind to endogenous murine CCR4. This is of course unlike the situation in a human

patient, in which CCR4 expreésed by the tumor and endogenous CCR4 would be

- present.

This is especially the case if the antibody has similar affinity to both murine and
human CCR4. '

The potential disadvantage with such a situation is that an antibody which
binds to human CCR4 but not, or with significantly lower affinity, to mouse CCR4
might perform well in a human tumor xenograft model in immunocompromized mice
(e.g. nude or SCID mice) but this might not be reflected by a similar performance in a
human system where much more CCR4 was present. In other words, the anti-tumor
effect seen in a mouse xenograft system with an antibody which can bind to human
CCRA4 but not mouse CCR4 might look better than the clinical reality. In contrast,
‘when working with an antibody that-can bind to both human and mouse CCR4 then
this will bind to all forms of CCR4 present in the mouse model system and is likely to
be more representative of the situation when the antibody is put into humans. This is
especially the case if the antibody has similar affinity to both murine and human
CCRA4. _

In preferred e.mbodiments, antibodies of the invention bind to human and
monkey CCR4 or to human and mouse CCR4 with similar affinities, e.g. with a Kd of
10nM or less or 5nM or less, more preferably 3nM or less or 2nM or less, most
preferably 1nM or less.

By "similar affinity" is also meant that the binding affinity of the antibody for
human CCR4 and for one or more of the other species of interest (e.g. monkey or
mouse) is comparable, e.g. is not more than a factor of 20 different. More preferably
the difference between the binding affinities is less than a factor of 15, more

preferably less than a factor of 10, most preferably less than a factor of 5, 4, 3 or 2.
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However, in other embodiments the antibodies of the present invention may

not bind to monkey CCR4 and/or they may not bind to mouse CCR4. |
The antibodies of the invention bind to CCR4. Thus the antibodies or binding

proteins of the invention can be used to detect CCR4 in vivo or in vitro, in particular
to detect CCR4+ cells. For example, as CCR4 is expressed on certain tumour cells,
the antibodies or binding proteins of the invention can be used to detect tumour cells
in vivo or in vitro. In addition, the ability of the antibodies to localize to CCR4+ cells
means that the antibodies of the invention can target body sites at which CCR4+ ;
cells are present, whereupon the antibbdy can act at the térget site. In particular, the
ability of the antibodies to localize to CCR4+ tumour cells means that the antibodies
of the invention can target body sites at which CCR4+ tumour cells are present,
whereupon the antibody can act at the target site.

~ For example‘, the antibody may induce an anti-CCR4+ cell effect itself i.e. as
a naked antibody, e.g. by activating or'inducing ADCC. This abilify to act as a naked
Ab is advantageous. Alternatively, or in addition, the antibody can induce an anti-
CCR4+ cell effect by virtue of being conjugated té an additional therapeutic molecule,
e.g. a toxin or other anti-cancer molecule or an anti-inflammatory agent as described
herein. ,

The antibodies of the invention preferably have the ability to induce antibddy
dependent cellular cytotoxicity (ADCC) of CCR4+ cells. ADCC may be assayed in
vitro using methods well known in the art. A suitable method is described in Example
6. Altérriatively, a Chromium-51 release assay may be used, for example. Thus, the
antibodies of the invention may for example cause at least 10%, 15%, 20%, 22%,
25%, 30%, 40%, 50%, 60%, 70%, 80% or 90% killing of CCR4+ cells in vitro e.g., in
the presence of human PBMCs. For example, the antibody 17G has been shown to
cause at least 10%, 15%, 20% or 22% killing of the CCR4+ cell line CCRF-CEM in
“ the presence of human PBMCs and the antibody 9E has been shown to cause at

least 10%, 15%, 20%, 22%, 30%, 40%, 45%, 50%, 55% killing of the CCR4+ cell line
CCRF-CEM in the presence of human PBMCs (see Example 6). Antibody 9E10J |
has been shown to cause at least 10%, 15%, 20%, 22%, 30%, 35%, 40%, 42% |
killing of the CCR4+ cell line CCRF-CEM in the presence of human PBMCs (see
Example 6). ADCC is advantageous for some applications, particularly some
therapeutic applications. Thus, in preferred embodiments the antibody can induce
ADCC of CCR4+ cells, preferably 6f CCR4+ tumour cells and/or CCR4+ Th2 cells.
In some embodiments the antibody-mediatéd ADCC is in the presence of PBMCs,
but embodiments in which antibody-mediated ADCC is in the absence of PBMCs are
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also contemplated. In other embodiments, the antibodies induce little or no
significant ADCC. ,

The antibodies of the invention are preferably also shown to be suitably
potent in terms of the concentration of antibody required to achieve such ADCC
levels. Again, a suitable in vitro test is described in Example 6. Thus, the antibody
concentration required for half maximal cell lysis (ECso) of CCR4+ cells, e.g. CCRF-
CEM cells, in vitro is preferably less than 700ng/ml, 650ng/ml, 620ng/ml, 600n'g/ml,.
550ng/ml, 500ng/ml, 450ng/ml, 400ng/mi, 350ng/mi, 300ng/ml, 250ng/ml, 200ng/ml,
150ng/ml, 100ng/ml, 90ng/ml, 80ng/ml, 70ng/ml, 60ng/ml, 50ng/ml, 46ng/ml,
40ng/ml, 35ng/ml, 30 ng/ml, 25ng/ml, 20ng/mi, 15ng/ml, 10ng/ml, 9ng/ml, 7ng/mli,
5ng/mi, 2ng/mi, 1ng/ml, 0.5ng/ml or 0.25ng/ml. For example, the 17G antibody of the
invention has been shown to have an ECs, of 619ng/ml for CCRF-CEM cells, and
antibody 9E of the invention has been shown to have an ECs, of 46ng/ml for CCRF-
CEMcellsand in a separéte experiment antibody 9E10J of the invention has been
shown to have an ECs, of 25ng/ml for CCRF-CEM cells (see Example 6).

Preferably, the above described abilities are observed at a measurable or
significant level and more preferably at a statistically significant level, when
compéred to appropriate control levels.

It should be noted that PBMC (effector cells) prepared from different donors
may exhibit a significant variation of ADCC with respect to the extent of non-specific
and specific tumour cell lysis, as well as EC50 values. This phenomenon has been
described by Naundorf et ai, 2002 and it was also observed when assaying ADCC by
the antibodies of the present invention (see Examples 6 and 11).

Human IgG1 is a glycoprotein bearing two N-linked oligosaccharide chains
bound to the Fc region. The oligosaccharides are of the complex biantennary type,
composed of a trimannosyl core structure with the presence. or absence of core
fucose, bisecting N-acetylglucosamine (GIcNAc), galactose, and terminal sialic acid,
which gives rise to structural heterogeneity/. Both human serum IgG and therapeutic
antibodies are well known typically to be heavily fucosylated. .

It has been reported that ADCC enhancement may in some instances be
achieved by manipulating the state of oligosaccharides on human IgG1 subclass. In
particular, defucosylation has been shown to cause an increase in ADCC activity of
some antibodies (Niwa R et al, 2004). Thus, in preferred embodiments, antibodies
according of the invention are modified during produétion/expression of the protein,
and/or in vitro after production/expression, to generate a specific glycosylation
pattern, particularly a glycosylation pattern which is beneficial for therapeutic

application of the antibodies. Preferably, said specific glycosylatidn pattern is the
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reduction or absence of fucose-based glycosylation, which preferably increases the
antibody's ability to induce ADCC. Thus, in preferred embodiments, the antibodies of
the invention have a specific glycosylation pattern, preferably a specific glycosylation
pattern which increases the ability of said antibody to induce ADCC. Preferable, the
antibodies of the invention are defucosylated or non-fucosylated.

The skilled person is aware of suitable ways of preparing defucosylated or
non-fucosylated antibodies. As described in Example 10, this can be achieved by
producing the antibody in presence of Kifunensine (for example 100 ng/ml), a
selective inhibitor of class | a-mannosidases, leading to a decrease in fucosylation of
the molecule during production. Suitable host cells which lack one or more proteins
required for fucosylation of oligosaccharide moieties can be used to produce v
defucosulated antibodies, e.g. fucosyltransferése-deficient host cells. Examples of
suitable host cells are cells wherein the activity of an enzyme relating to the synthesis
of an intracellular sugar nucleotide, GDP-fucose and/or the activity of an énzyme
relating to the modification of a sugar chain in which 1 -position of fucose'isbound ‘to
6-position of N-acetylglucosamine in the reducing end through an a-bond in the -
complex N-glycoside-linked sugar chain is decreased or deleted. Examples of such
enzymes include enzymes relating to the synthesis of GDP-fucose include GMD
(GDP-mannose 4,6-dehydratase), Fx (GDP-keto-6-deoxymannose 3,5-epimerase, 4-
reductase), GFPP (GDP- beta-L-fucose pyrophosphorylase).

By "defucosulated” is meant that at least 10%, preferably at least 20, 30, 40
50, 60, 75, 80, 85, 90, 91, 92, 93, 9~4, 95, 96, 97, 98 or at least 99% of the total
complex N-glycoside-linked sugar chains bound to the Fc region are sugar chains in

| which fucose is not bound tb N- acetylglucosamine in the reducing end in the sugar
chain. |

By "non-fucosylated" is meant that no significant levels of fucose are present
in the antibody.

Some antibodies are capable of being internalized into the cells to which they
become bound. Thus, in some embodiments of the invention the antibodies are
capable of being internalized. This property is particulariy advantageous for use in
immunoconjugates as any other agent attached to the antibody molecule should be
internalized with the antibody molecule. In other embodiments no significant
internalization is seen. ‘

Particularly for medical applications, it is desirable that the andibody does not
induce any significant platelet aggregation. Platelet aggregation may be assayed as
described in Example 15. This Example shows that antibody 9E10J does not have
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any significant effect on platelet aggregation. Thus, in some embodiments of the
invention the antibodies do not have any significant effect on platelet aggregation.

As discussed above, certain PBLs, including Tregs, express CCR4, so the
ability of antibody 9E10J to PBLs was assayed in Example 16 and this Example
shows that 9E10J can bind PBLs. Thus, in some embodiments of the invention the
antibodies can bind to PBLs, perferably to Tregs and/or Th2 cells. This feature is |
advantageous, particularly in immunotherapy, as it may allow the depletion of Treg
cells.

In the following descriptions of the éompositions, immunoconjugates,
pharmaceuticals, combinations, cocktails, kits, first and second medical uses and all
methods in accordance with this invention, the terms "antibody" and
"immunoconjugate”, or an antigen-binding region or fragment tﬁereof, unless
otherwise specifically stated or made clear from the scientific terminology, refer to a
range of anti-CCR4 antibodies as well as to the specific 17G, 9E, 10, 11F, 9E10J
and 9E1D antibodies.

The terms "antibody” and "immunoglobulin”, as used herein, refer broadly to
any immunological binding“agent or molecule that comprises a human antigen
binding domain, including polyclonal and monoclonal antibodies. Depending on the
type of constant domain in the heavy chains, whole antibodies are assigned to one of
five major classes: IgA, igD, IgE, IgG, and IgM and the antibodies of the invention
may be in any one of these classes. Several of these are further divided into
subclasses or isotypes, such as IgG1, 1gG2, lgGS,' IgG4, and the like. The heavy-
chain constant domains that correspond to the difference classes of immunoglobulins
are termed a, 8, €, v and p, respectively. The subunit structures and three-
dimensional configurations of different classes of immunoglobulins are well known.

Generally, where whole antibodies rather than antigen binding regions are
used in the invention, igG and/or IgM are preferred because they are the most
common antibodies in the physiological situation and because they are most easily
made in a laboratory setting. IgG1 antibodies are particularly preferred.

The "light chains" of mammalian antibodies are assigned to one of two clearly
distinct types: kappa (x) and lambda (1), based on the amino acid sequences of their
constant domains and sbme‘ amino acids in the framework regions of their variable
domains. There is essentially no preference to the use of k or A light chain constant
regions in the antibodies of the present invention.

As will be understood by those in the art, the immunological binding reagents

encompassed by the term "antibody" extend to all antibodies and antigen binding
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fragments thereof, including whole antibodies, dimeric, trimeric and multimeric
antibodies; bisp'edific antibodies; chimeric antibodies; recombinant ahd engineered‘
antibodies, and fragments thereof.

The term "antibody" is thus used to refer to any antibody-like molecule that
has an antigen binding region, and this term includes antibody fragments that
comprise an antigen binding domain such as Fab’, Fab, F(ab')é, single domain
antibodies (DABs), TandAbs dimer, Fv, scva(singIel chain Fv), dst, ds-scFv, Fd,
linear antibodies, minibodies, diabodies, bispecific antibody fragments, bibody,
tribody (scFv-Fab fusions, bispecific or trispecific, respectively); sc-diabody;
kappa(lamda) bodies (scFv-CL fusions); Bispecific T-cell Engager (BiTE) (scFv-scFv
tandems to attract T cells); dual variable domain (DVD)-Ig (bispecific format), small
immunoprotein (SIP) (kind of minibody); SMIP ("small modular
immunopharmaceutical” scFv-Fc dimer; DART (ds-stabilized diabody "Dual Affinity
ReTargeting"); small antibody mimetics comprising one or more CDRs and fhe like.

The techniques for preparing and using various’antibody-based constructs

~and fragments are well known in the art (see Kabat et al., 1991, specifically
incorporated herein by reference). Diabodies, in particular, are further described in
EP 404, 097 and WO 93/11161; whereas linear antibodies are further described in
Zapata et al. (1995). |

Antibodies can be fragmented using conventional techniques. For example,
F(ab'), fragments can be generated by treating the antibody with pepsin. The
resulting F(ab'); fragment can be treated to reduce disulfide bridges to produce Fab'
fragments. Papain digestion can lead to the formation of Fab fragments. Fab, Fab'
and F(ab'),, scFv, Fv, dsFv, Fd, dAbs, TandAbs, ds-scFv, dimers, minibodies,
diabodies, bispecific antibody fragments and other fragments can also be
synthesized by recombinant techniques or can be chemiéally synthesized.
Techniques for producing antibody fragments are well known and described in the
art. For example, each of Beckman et al., 2006; Holliger & Hudson, 2005; Le Gall et

“ al., 2004, Reff & Heard, 2001; Reiter et al., 1996; and Young et al., 1995 further
describe and enable the production .of effective antibody fragrﬁerits.

The antibodies or antibody fragments can be produced naturally or can be
wholly or partially synthetically produced. Thus the antibody may be from any
appropriate source, for example recombinant sources and/or produced in transgenic
animals or transgenic plants, or in eggs uéing the IgY technology. Thus, the antibody
molecules can be produced in vitro or in vivo.

Preferably, the antibody or antibody fragment comprises an antibody light

chain variable region (V,) that comprises three CDR domains and an antibody heavy
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chain variable region (V) that comprises three CDR domains. Said VL and VH -
generally form the antigen binding site. | |

An "FVv" fragment is the minimum antibody fragment that contains a complete
antigen-recognition and binding site. This region has a dimer of one heavy chain
and one light chain variable domain in tight, non-covalent association. Itis in this
configuration that the three hypervariable regions (CDRs) of each variable domain
interact to define an aniigen-bindin‘g site on the surface of the VH-VL dimer.
Collectively, the six hypervariable regions (CDRs) confer antigen-binding specificity
to the antibody.

However, it is well documented in the art that the presence of three CDRs
from the light chain variable domain and three CDRs from the heavy chain variable

~ domain of an antibody is not necessary for antigen binding. Thus, constructs smaller
than the above classical antibody fragment are known to be effective.

For example, camelid antibodies (Hamers-Casterman et al., 1993; Arbabi
Ghahroudi ef al., 1997) have an extensive antigen binding repertoire but are devoid
of light chains. Also, results with single .domain antibodies comprising VH domains
alone (Ward et al., 1989; Davies and Riechmann, 1995) or VL domains alone (van
den Beucken et al., 2001) show that these domains can bind to antigen with
acceptabiy high affinities. Thus, three CDRs can effectively bind antigen.

It is also known that a single CDR, or two CDRs, can effectively bind antigen.
As a first example, a single CDR can be inserted into a heterologous protein and
confer antigen binding ability on the heterologous protein, as exemplified by showing
that a VH CDR3 region inserted into a heterologous protein, such as GFP, confers
antigen binding ability on the heterologo.us protein (Kiss et al., 2006; Nicaise et al.,
2004).

It is further known that two CDRs can effectively bind antigen, and even
confer superior properties than possessed by the parent antibody.- For example, it
has been shown (Qiu et al., 2007) that two CDRs from a parent antibody (a VH -
CDR1 and a VL CDR3 region) retain the antigen recognition properties of the parent
molecule but have a superior capacity to penetrate tumours. Joining these CDR
domalns with an appropriate linker sequence (e. g. from VH FR2) to orientate the
CDRs in a manner resembling the native parent antibody produced even better
antigen recognition. Therefore, it is known in the art that it is possible to construct
antigen binding antibody mimetics comprising two CDR domains (preferably one
from a VH domain and one from a VL domain, more preferably, with one of the two
CDR domains being a CDR3 domain) orientated by means of an appropriate

framework region to maintain the conformation found in the parent antibody.
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Thus, although preferred antibodies of the invention might comprise six CDR
regions (_three from a light chain and three from a heavy chain), antibodies with fewer
than six CDR regions and as few as oné or two CDR regions are encompassed by
the invention. In addition, antibodies with CDRs from only the héavy chain or light
chain are also contemplated.

Preferred antibodies of the invention that bind to CCR4 comprise at least one
heavy chain variable region that comprises three CDRs and at least one light chain
variable region that comprises three CDRs, wherein said heavy chain variable region
comprises: | '

(a) a variable heavy (VH) CDR1 that has the amino acid sequence of

SEQ ID NO: 1 or a sequence substantially homologous thereto,

(b) a VH CDR2 that has the amino acid sequence of SEQ ID NO: 2 or a

| sequence substantially homologous thereto,A and

(c) a VH CDR3 that has the amino acid sequénce of SEQ ID NO: 3or 15

or a sequence substantially homologous thereto; or

(d) a variable heavy (VH) CDR1 that has the amino acid sequence of

~FSEQ ID NO: 7 or 101 or a sequence substahtially homol'ogous thereto,

(e) a VH CDR2 that has the amino acid sequence of SEQ ID NO: 8 or a

sequence substantially homologous thereto, and |

(f) . aVH CDRS3 that has the amino acid sequence of SEQ ID‘ NO: Qora

sequence substantially homologous thereto; or

(g) avariable heavy (VH) CDR1 that has the amino acid sequehce of

SEQ ID NO: 19 or a sequence subs_ta'ntially homologous thereto,
(h) a VH CDR2 that has the amino acid sequence of SEQ ID NO: 20 or a
‘ sequence substantially homologous thereto, and

(i) a VH CDR3 that has the amino acid sequence of SEQ ID NO: 21 ora

seqﬁence substantially homologous thereto;or

() a variable hea\)y (VH) CDR1 that has the amino acid sequence of

SEQ ID NO: 125 or 126 or a sequence substantially homologous
thereto, |

(k) a VH CDR2 that has the amino acid 'sequence of SEQ ID NO: 127 or

128 or a sequence substantially homologous thereto, and

) a VH CDR3 that has the amino acid sequence of SEQ ID NO: S ora

sequence substantially homologous thereto.

Preferred light chain CDR regions for use in conjunction with the specified
heavy chain CDR regions aré described elsewhere herein. However, other light |

chain variable regions that comprise three CDRs for use in conjunction with the
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heavy chain variable regions of the invention are also contemplated. Appropriate
light chain variable regions which can be used in combination with the heavy chain
variable regions of the invention and which give rise to an antibody which binds
CCRA4 can be readily identified by a person skilled in the art.

For example, a heavy chain variable region of the invention can be combined
with a single light chain variable region or a repertoire of light chain variable regions
and the resulting antibodies tested for binding to CCR4. It would be expected that a
reasonable number of such combinations of heavy chain variable regioné'of the
invention with different light chain variable regions would retain the ability to bind -
CCRA4. _

Similar methods could be used to identify alternative heavy chain variable
regions for use in combination with preferred light chain variable regions of the
invention.

In.certain embodiments, the antibody or antibody fragment comprises all or a
portion of a heavy chain constant region, such as an IgG1, 19G2, 1gG3, 1gG4, IgA1,'
IgA2, IgE, IgM or IgD constant region. Preferably, the heavy chain constant region is
an IgG1 heavy chain constant region, or a portion thereof. Furthermore, the antibody
or antibody fragment can comprise all or a‘portion of a kappa light chain constant
region or a lambda light chain constant region, or a portion thereof. All or part of
such constant regions may be produced naturally or may be wholly or partially
synthetic. Appropriate sequences for such constant regions are well known and
documented in the art. When a full complement of constant regions from the heavy
and light chains are ihcluded in the antibodies of the invention, such antibodies are
typically referred to herein as "full length" antibodies or "whole" antibodies.

Antibodies containing an Fc region are preferred for certain uses, particularly
therapeutic uses in vivo, where.the Fc region mediates effector functions such as
ADCC. |

The term "substantially homologous" as used herein in connection with an
amino acid or nucleic acid sequence includes sequences having af least 70% or
75%, preferably at least 80%, and even more preferably at least 85%, 90%, 95%, ‘
96%, 97%, 98% or 99%, sequence identity to the amino acid or nucleic acid
sequence disclosed. Substantially homologous sequences of the invention thus
include single or multiple base or amino acid alterations (additions, substitutions,
insertions or deletions) to the sequences of the invention. At the amino acid level
preferred substantially homologous sequences containonlyupto 1,2, 3,4 0r5,
preferably up to 1, 2 or 3, more ;;referably up to 1 or 2, altered amino acids, in one or

more of the framework regions and/or one or more of the CDRs making up the
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sequences of the invention. Said alterations can be with conservative or non-
.conservative amino acids. Preferably said alterations are conservative amino acid
substitutions. ' '

The substantially homologbus nucleic acid sequences also include nucleotide
sequences that hybridize to the nucleic acid sequences disclosed (or their
complementary sequences), e.g., hybridize to nucleotide sequences encoding one or
more of the light chain or heavy chain CDRs of the invention, the light 6r heavy chain
variable regions of the invention, or the antibodies of the invention (or hybridize to
their complementary sequences), under at least moderately stringent hybridization
conditions. ' ' '

The term "substantially homologous" also includes modifications or chemical
equivalents of the amino acid and nucleotide séquences of the present invention that
perform substantially the same function as the proteins or nucleic acid molecules of

. the invention in substant'ially the same way. For example, any substantially |
homologous antibody (or the substantially homologous nucleic acid encoding if)
should retain the ability to bind to CCR4 as described above. Preferably, any
‘substantially homologous antibody should retain the functional capabilities of the
antibody, e.g. as defined elsewhere herein. Preferably, any substantially

~ homologous antibody should retain the ability to specifically bind to the same epitope
of CCR4 as recognized by the antibody in question, for example, the same epitope
recognized by the CDR domains of the invention or the VH and VL domains of the
invention as described herein. Binding to the same ebitope/antigen can be readily
tested by methods well known and described in the art, e.g., using binding assays,
e.g., a competition assay. Retention of other functional properties can also readily be
tested by methods well known and described in the art.

Thus, a person skilled in the art will ap;'_)reciate that binding assays can be
used to test whether "substantially homologous" antibodies have the same binding
specificities as the antibodies and antibody fragments of the invention, for example,
binding assays such as ELISA assays or BlAcore assays can readily be used to
establish whether such "substantially homologous" antibodies can bind to CCR4." As
outlined above, a competition binding assay can be used to test whether '
"substantially homologous" antibodies retain the ability to specifically bind to
substantially the same epitope of CCR4 as recognized by thé antibodies of the
invention. The method described below is only one example of a suitable
competition assay. The skilled person will be aware of other suitable methods and

variations.
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Substantially homologous sequences of proteins of the invention include,
without limitation, conservative amino acid substitutions, or for example alterations
that do not affect the VH, VL or CDR domains of the antibodies, e.g., incltjde scFv
antibodies where a different linker sequence is used or antibodies where tag
sequences or other components are added that do not contribute to the binding of
antigen, or alterations to convert one type or format of antibody molecule or fragment
to another type or format of antibody molecule or fragment (e.g., conversion from Fab
to scFv or vice versa), or the conversion of an antibody molecule to a particular class
or subclass of antibody molecule (e.g., the conversion of an antibody molecule to IgG
or a subclass thereof, e.g., IgG1 or IgG3). B '

A "conservative amino acid substitution”, as used herein, is one in which the
amino acid residue is replaced with another amino acid residue having a similar side
chain. Families of amino acid residues having similar side chains have been defined
in the art, including basic side chains (e.g., lysine, arginine, histidine), acidic side
chains (e.g., aspartic acid, glutamic acid), uncharged polar side chains (e.g., glycine,
asparagine, glutamine, serine, threonine, tyrosine, cysteine), nonpolar side chains
(e.g., glycine; cystéine, alanine, valine, leucine, isoleucine, proline, phenylalanine,
methionine, tryptophan), beta-branched side chains (e.g., threonine, valine,
isoleucine) and aromatic side chains (e.g., tyrosine, phenylalanine, tryptophan,'
histidine).

Homology may be assessed by any convenieht method. However, for
determining the degree of homology between sequences, computer programs that
make multiple alignments of sequences are useful, for instance Clustal W
(Thompson et al., 1994). If desired, the Clustal W algorithm can be used together
with BLOSUM 62 scoring matrix (Henikoff and Henikoff, 1992) and a gap opening
penalty of 10 and gap extension penalty of 0.1, so that the highest order match is
obtained between two sequences wherein at least 50% of the total length of one of
the sequences is involved in the alignment; Other methods that may be used to align
sequences are the alignment method of Needieman and Wunsch (1970), as revised
by Smith and Waterman (1981) so that the highest order match is obtained between
the two sequences and the number of identical amino acids is determined between
the two sequences. Other methods to caldulate the percentage identity between two
amino acid sequences are generally art recognized and include, for example, those
described by Carillo and Lipton (1988) and those described in Computational
Molecular Biology, Lesk, e.d. Oxford University Press, New York, 1988,

Biocomputing: Informatics and Genomics Projects.
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Generally, computer programs will be employed for such calculations.
Programs that compare and align pairs of sequences, like ALIGN (Myers and Miller,
1988), FASTA (Pearson and Lipman, 1988; Pearson, 1990) and gapped BLAST
(Altschul et al., 1997), BLASTP, BLASTN, or GCG (Devereux et al., 1984) are .also
useful for this purpose. Furthermore, the Dali server at the Eurbpean Bioinformatics
institute offers structure-based alignments of protein sequences (Holm, 1993; 1995;
1998).

By wa'y of providing a reference point, sequences according to the present
invention having 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98% or 99%
homology, sequence identity etc. may be determined using the ALIGN program with
default parameters (for instance available on Internet at the GENESTREAM network
server, IGH, Mbntpellier, France). _

By "at least moderately Stringent hybridization conditions" it is meant that
conditions are selected that promote selective hybridization between two
complementary nucleic acid molecules in solution. Hybridization may occur to all or
a portion of a nucleic acid sequence molecule. The hybridizing portion is typically at
least 15 (e.g., 20, 25, 30, 40 or 50) nucleotides in length. Those skilled in the art will
recognize that the stability of a nucleic acid duplex, or hybrids, is determined by the
Tm, which in sodium containing buffers is a function of the sodium ion concentration
and temperéture (Tm = 81.5°C — 16.6 (Log10 [Na+]) + 0.41(%(G+C) — 600/1), or
similar equation). Accordingly, the parameters in the wash conditions that determine
hybrid stability are sodium ion concentration and temperature. In order to identify
molecules that are similar, but not identical, to a known.nucleic acid molecule, a 1%
mismatch may be assumed to result in about a 1°C decrease in Tm. For example, if
nucleic acid molecules are sought that have a >95% identity, the final wash
temperature will be reduced by about 5°C. Based on these considerations those
skilled in-the art will be able to readily select appropriate hybridization conditions. In
preferred embodiments, stringent hybridization conditions are selected. By way of
example the following conditions may be employed to achieve stringent hybridization:
hybridization at 5x sodium chloride/sodium citrate (SSC)/5x Denhardt’s solution/1.0%
SDS at Tm - 5°C based on the above equation, followed by a wash of 0.2x
SSC/0.1% SDS at 60°C. Moderately stringent hybridization conditions include a ‘

| washing step in 3x SSC at 42°C. By way of further example, sequences that
"hybridize" are those sequences binding (hybridizing) under non-stringent conditions -
(e.g., 6 x SSC, 50% formamide at room temperature) and washed under conditions

of low stringency (e.g., 2 x SSC, room temperature, more preferably 2 x SSC, 42°C)
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or conditions of higher stringency (e.g., 2 x SSC, 65°C) (where SSC = 0.15M NaCl,
0.015M sodium citrate, pH 7.2). | A

It is understood, however, that equivalent stringencies may be achieved using
alternative buffers, salts and temperatures. Additional guidance regarding
hybridization conditions may be found in: Current Protocols in Molecular Biology,
John Wiley & Sons, N.Y., 1989, 6.3.1-6.3.6 and in: Sambrook et al., Molecular
Cloning, a Laboratory Manual, Cold Spring Harbor Laboratory Press, 1989, Vol.3.

. Generally speaking, sequences that hybridize under conditions of high
stringency are preferred, as are sequences which, but for the degeneracy of the
code, would hybridize under high stringency conditions.

In other preferred embodiments, second generation antibodies are provided
that have enhanced or superior properties in comparison to an original anti-CCR4
. antibody, such as 17G, 9E, 10, 11F, 9E10J or 9E1D. For example, the second
generation antibodies may have a stronger binding affinity for CCR4, a superior cross
reactivity profile, superior ability to target CCR4+ cells, particularly tumour cells, an
improved ability to induce ADCC, an improved ability to induce CDC, an improved
treatment of the disorders discussed elsewhere herein.

Comparisons to identify effective second generation antlbodles are readily
conducted and quantified, e. g., using one or more of the various assays described in
detail herein or in the art. Second generation antibodies that have an enhanced
biological property or activity of at least about 2-fold, 5-fold, 10-fold, 20-fold, and
preferably, at least about 50-fold, in comparison to the anti-CCR4 antibodies of the
present invention, as exemplified by the 17G, 9E, 10, 11F, 9E10J or SE1D antibody,
are encompassed by the present invention. |

The antibody, binding protein and nucleic acid molecules of the |nvent|on are
generaily "isolated” or "purified” molecules insofar as they are dlstlngwshed from any
such components that may be present in situ within a human or animal body or a
tissue sample derived from a human or animal body. The sequences may, however,
* correspond to or be substantially homologous to sequences as found in a human or

animal body. Thus, the term "isolated” or "purified" as used herein in reference to
nucleic acid molecules or sequences and proteins or polypeptides, e.g., antibodies,
refers to such molecules when'isolated from, purified from, or substantially free of
their natural environment, e.g., isolated from or purified from the human or animal
body (if indeed they occur naturally) or refers to such molecules when produced by a
* technical process, i.e., includes recomblnant and synthetically produced molecules.
Thus, when used in connectlon with a nucleic acid molecule, such terms may

refer to a nucleic acid substantially free of material with which it is naturally
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associated such as other nucleic acids/genes or polypeptides. These terms may
also refer to a nucleic acid_ substantially free of cellular material or culture medium
when produced by recombinant DNA techniques, or substantially free of chemical
precursors, or other chemicals when chemically synthesized. An isolated or purified
nucleic ac‘id may also be substantially free of sequences that naturally flank the
nucleic acid (i.e., sequences located at the 5' and 3' ends of the nucleic acid) from
which the nuc[eic acid is derived or sequences that have been made to flank the
nucleic acid (e.g., tag sequences or other sequence that have no therapeutic value)
by, for example, genetic engineering. '

Thus, when used in connection with a protein or polypeptide molecule such
as light chain CDRs 1, 2 and 3, heavy chain CDRs 1, 2 and 3, light chain variable
regions, heavy chain variable regions, and binding proteins or antibodies of the
invention, including full length antibodies, the term "isolated" or "purified" typically
refers to a protein substantially free of cellular material or other proteins from the
source from which it is derived. In some embodiments, particularly where the protein
is to be administered to humans or animals, such isolated or purified proteins are
substantially free of culture medium when produced by recombinant techniques, or
chemical precursors or other chemicals when chemically synthesized. Such isolated
or purified proteins may also be free of flanking sequences such as those described
above for the isolated nucleic acid molecules.

The term "nucleic acid sequence" or "nucleic acid molecule" as used herein
refers to a sequence of nucleoside or nucleotide monomers composed of naturally
occurring bases, sugars and intersugar (backbone) linkages. The term also includes
modified or substituted sequences comprising non-naturally occurring monomers. or
portions thereof. The nucleic acid sequences of the present invention may be
deoxyribonucleic acid sequences (DNA) or ribonucleic acid sequences (RNA) and
may include naturally occurring bases including adenine, guanine, cytosine,
thymidine and uracil. The sequences may also contain modified bases. Examples of
such modified bases include aza and deaza adenine, guanine, cytosine, thymidine
and uracil; and xanthine and hypoxanthine. The hucleic acid molecules may be
double stranded or single stranded. The nucleic acid molecules may be wholly or
partially synthetic or recombinant.

In preferred embodiments the antibodies of the invention are human
antibodies, more preferably fully human antibodies. In this regard, human antibodies
generally have at least three potential advantages for use in human therapy. First,
the human immune system should not recbgnize the antibody as foreign. Second,

the half-life in the human circulation will be similar to naturally occurring human
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antibodies, allowing smaller and less frequent doses to be given. Third, because the
effector portion is human, it will interact better with the other parts of the human
immune system, e.g., to destroy targét cells more efficiently by complement-
dependent cytotoxicity (CDC) or antibody-dependent cellular cytotoxicity (ADCC).

‘However, although human antibodies are generally recognized to display
these advantages, it is known that the development of human antibodies that have
high enough affinities and apprbpriate functional properties to make them candidates
for successful human therapy is by no means straightforward. The art therefore still
lacks anti-CCR4 for the safe and effective treatment of humans, and poses
challenges to the development of such agents.

- The term "human" as used herein in connection with antibody molecules and
binding proteins first refers to antibodies and binding proteiné having variable regions
(e.g., Vu, Vi, CDR or FR regions) and, optionally, constant antibody regions, isolated
or derived from a human repertoire or derived from or corresponding to sequences
found in humans, e.g., in the human germline or somatic cells. The 17G, 9E, 10,
11F, 9E10J and 9E1D antibodies are examples of such a human antibody molecules
wherein the variable regions have been isolated from a human repertoire.

The "human” antibodies and binding proteins of the invention further include
amino acid residues not encoded by human sequences, e.g., mutations introduced
by random or site directed mutations in vitro, for example mutations introduced by in
vitro cloning'of PCR. Particular examples of such mutations are mutations that
involve conservative substitutions or other mutations in a small number of residues of
the antibody or binding protein, e.g., inupto 5, 4, 3, 2 or 1 of the residues of the
antibody or binding protein, preferably e.g., in upto 5,4, 3,2or1 of the residues
making up one or more of the CDRs of the antibody or binding protein. Certain
examples of such "human" antibodies include antibodies and variable regions that
have been subjected to standard modification techniques to reduce the amount of
potentially immunogenic sites. _

Thus, the "human” antibodies of the invention include sequences derived
from and related to sequences found in humans, but which may not naturally exist
within the human antibody germline repertoire in vivo. In addition, the human
antibodies and binding proteiné of the present invention include proteins ‘comprising
human consensus sequences identified from human sequences, or sequences
substantially homologous to human sequences.

In addition, the human antibodies and binding proteins of the present
invention are not limited to combinations of Vy, V| CDR or FR regions that are

themselves found in combination in human antibody molecules. Thus, the human
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antibodies and binding proteins of the invention can include or correspond to
‘combinations of such regions that do not necessarily exist naturally in humans.

In preferred embodiments, the human antibodies will be fully human
antibodies. "Fully human" antibodies, as used herein, are antibodies comprising
"human" variable region domains and/or CDRs, as defined above, without substantial
non-human antibody sequences or without any non-human antibody sequences. For |
example, antibodies comprising human variable region domains and/or CDRs
"without substantial non-human antibody sequences" are antibodies, domains and/or
CDRs in which only up to 5, 4, 3, 2 or 1 amino acids are amino acids that are not
encoded by human antibody sequences. Thus, "fully human" antibodies are
distinguished from "humanized" antibodies, which are based on substantially non-
human variable region domains, e.g., mouse variable region domains, in which
certain amino acids have been changed to better correspond with the amino acids
typically present in human antibodies. | '

The "fully human” antibodiés of the invention may be human variable region
domains and/or CDRs without any other substantial antibody sequencés, such as
being single chain antibodies. Alternatively, the "fully human" antibodies of the
invention may be human variable fegion domains and/or CDRs integral with or
operatively attached to one or more human antibody constant regions. Certain
preferred fully human antibodies are IgG antibodies with the full complement of IgG
constant regions. »

In other embodiments, "human" antibodies of the invention will be part-human
chimeric antibodies. “Part-huhan chimeric" antibodies, as used herein, are

“antibodies comprising "human" variable region domains and/or CDRs operatively
attached to, or grafted onto, a conétaht- region of a non-human species, such as rat

or mouse. Such part-human chimeric antibodies may be used, for example, in pre-
clinical studies, wherein the constant region will preferably be of the same species of -

animal used in the pre-clinical testing. These part-human chimeric antibodies may

" also be used, for example; in ex vivo diagnostics, wherein the constant region of the

~ non-human species may provide additional options for antibody detection.

The term "fragment” as used herein refers to fragments of biological
relevance, e.g., fragments that contribute to antigen binding, e.g., form part of the
antigen binding site, and/or contribute to the inhibition or reduction in function of the
CCR4 antigen. Certain preferred fragments comprise a heavy chain variable region
(Vi domain) and/or a light chain variable region (V. domain) of the antibodies of the
invention. Other preferred fragments compriée one or more of the heavy chain CDRs

of the antibodies of the invention (or of the V,; domains of the invention), or one or

l
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more of the light chain CDRs of the antibodies of the invention (or of the V. domains
of the invention). Certain preferred fragments are at least 5 amino acids in length
and comprise at least one CDR region, preferably a CDR3 region, more preferably" a
heavy chain CDR3 region. o

In embodiments where the antibodies of the invention comprise a fragment of
any of the defined sequences (for example comprise a fragment of SEQ ID NO:35,
46, 5‘7, 68, 104 or 114), e.g., are antibodies comprising V}y and/or V, domains of the
invéntion, or are antibodies or binding proteins comprising one or more CDRs of the
invention, then these regions/domains are generally separated within the antibody or
binding protein so that each region/domain can perform its biolog'ical function and so
that the contribution to antigen binding is retained. Thus, the Vy and V, domains are
preferably separated by appropriate scaffold sequences/linker sequences and the

‘CDRs are preferably separated by appropriate framework regions such as those
found.in naturally occurring antibodies a'nd/or effective engineered antibodies. Thus,
the V4, V. and individual CDR sequences of the invention are preferably provided
within or incorporated into an appropriate framework or scaffold to enable antigen
binding. Such framework sequences or regions may correspond to naturally
occurring framework regions, FR1, FR2, FR3 and/or FR4, as appropriate to form an
appropriate scaffold, or may correspond to consensus framework regions, for |
example identified by comparing various naturally occurring framework regions.
Alternatively, non-antibody scaffolds or frameworks, e.g., T cell receptor frameworks
can be used. '

A Appropriate sequences that can be used for framework regions are well |
known and documented in the art and any of these may be used. Preferred .
sequences for framework regions are one or more (i.e. one, two, three or four) of the
framewdrk regions making up the Vy andfor V. domains of the invention, i.e., one or
more of the framework regions disclosed in Tables 1, 2, 3 or 4, or framework regions
éubstantia"y homologous fhereto, and in particular framework regions that allow the
maintenance of antigen specificity, for example framework regions that result in
substantially the same or the same 3D structure of the antibody.

In certain preferred embodiments, all four of the variabie light chain (SEQ ID
NOs:SO, 31, 32 and 33) and/or variable he_avy chain (SEQ ID NOs: 25, 26, 27 and
28), as appropriéte‘, FR regions of SEQ ID NO: 35 (also shown in Table 1), or FR
regions substanfially homologous thereto, are found in the antibodies of the
invention.

in certain preferred embodiments, all four of the variable light chain (SEQ ID
NOs:41, 42, 43 and 44) and/or variable heavy chain (SEQ ID NOs: 36, 37, 38 and
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39), as appropriate, FR regions of SEQ ID NO: 46 (also shown in Table 2), or FR
regions substantially homologous thereto, are found iﬁ the antibodies of the
invention.

In certain preferred embodiments, all four of the variable light chain (SEQ ID
NOs:41, 42, 43 and 44) and/or variable heavy chain (SEQ ID NOs: 36, 37, 102 and
39), as appropriate, FR regions of SEQ ID NO: 103, or FR regions substantially
hpmologous thereto, are found in the antibodies of the invention. Embodiments in .
which variable heavy chain FR region of SEQ 1D NO: 102 or a sequence
substantially homologous thereto is present are especially preferred.'

In certain preferred embodiments, all four of the variable light chain (SEQ ID
NOs: 107, 109, 111 and 44) and/or _variable"heavy chain (SEQ ID NOs: 36, 37, 38
and 39), as appropriate, FR regions of SEQ ID NO: 114, or FR regions substantially
homologous thereto, are found in the antibodies of.the invention.

In certain preferred embodiments, éll four of the variable light chain (SEQ ID
NOs:52, 53, 54 and 55) and/or variable heavy chain (SEQ ID NOs: 47, 48, 49 and
50), as appropriate, FR regions of SEQ ID NO: 57 (also shown in Table 3), or FR
regions substantially homologous thereto, are found in the antibodies of the
invention.

In certain preferred embodiments, all four of the variable light chain (SEQ ID
NOs: 63, 64, 65 and 66) and/or variable heavy chain (SEQ ID NOs: 58, 59, 60 and
61), as appropriate, FR regions of SEQ 1D NO: 68 (also shown in Table 4), or FR
regions substantially homologous thereto, are found in the antibodies of the
invention. ‘

In addition, although preferred antibodies of the invention are made up of Vy,
V_ or CDRs of the invention, it should be noted that the antibodies of the invention
also encompass one or more Vy, Vi or CDRs of the invention in combination with

. other V4, V. or CDRs not of the invention, provided that the CCR4 binding properties
or anti-CCR4 properties of the-antibodies of the invention as outlined herein are still
present. A

The term "heavy chain complementarity determining region" ("heavy chain
CDR") as used herein refers to regions of hypervariability within the heavy chain
variable region (Vy domain) of an antibody molecule. The heavy chain variable
region has three CDRs termed heavy chain CDR1, heavy chain CDR2 and heavy
chain CDR3 from the amino terminus to carboxy terminus. The heavy chain variable
region also has four framework regions (FR1, FR2, FR3 and FR4 from the amino

terminus to carboxy terminus). These framework regions separate the CDRs.
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The term "heavy chain variable region" (V4 domain) as used herein refers to
the variable region of a heavy chain of an antibody molecule.

The term "light chain complementarity determining region” ("light chain CDR")
as used herein refers to regions of hypervariability within the light chain variable
region (V. domain) of an antibody molecule. Light chain variable regions havé three
CDRs termed light chain CDR1, light chain CDR2 and light chain CDR3 from the
amino terminus to the carboxy terminus. The Iightv chain variable region also has four
framework regions (FR1, FR2, FR3 and FR4 from the amino terminus to carboxy
terminus). These framework regions separate the CDRs.

The term "light chain variable regibn" (V. domain) as used herein refers to the
variable region of a light chain of an antibody molecule‘.

It should be noted that the Kabat nomenclature is followed herein, where
necessary, in order to define the positioning of the CDRs (Kabat ef al., 1991,
specifically incorporated herein by reference).

A person skilled in the art will appreciate that the proteins and polypeptides of
the invention, such as the light and heavy CDRs, the light and heavy chain variable
regions, antibodies, antibody fragments, and immunoconjugates, may be prepared in
any of several ways well known and described in the art, but are most preferably
prepared using recomblnant methods. |

Nucleic acid fragments encoding the light and heavy chain variable regions of
the antibodies of the invention can be derived or produced by any appropriate

~method, e.g., by cloning or synthesis. Such sequences could, for example be
prepared by cloning appropriate sequences frome.g, human germ line genes and
then making any necessary modifications to the germ line sequences to obtain the
sequences of the invention using methods well known and described in the art. An
alternative and more efficient method would be to synthesize the appropriate light or
heavy chain variable region sequence as overlapping primers, and use primer
extension to obtéin the fUll sequence. This full sequence could then be amplified via
PCR with primers containing appropriate restricﬁon sites for further cloning and
manipulation, e.g., for cloning iﬁto an appropriate expression vector. Five to seven
overlapping primers per variable region are normally be sufficient, thereby making
this technique very efficient and precise. ’ '

Once nucleic acid fragments encoding the light and heavy chain variable
regions of the antibodies of the invention have been obtained, these fragments can

~ be further manipulated by standard recombinant DNA techniques, for example to
convert the variable region fragments into full length antibody molecules with

appropriate constant region domains, or into particular formats of antibody fragment
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discussed elsewhere herein, e.g.; Fab fragments, scFv fragments, etc. Typically, or
as part of this further manipulation p.roce‘dure, the nucleic acid fragments encoding
the antibody molecules of the invention are generally incorporated into an
appropriate expression vector in order to facilitate production of the antibodies of the
invention. | A

Possible expression vectors include but are not limited to cosmids, plasmids,
or modified viruses (e.g., replication defective retroviruses, adenoviruses and adeno-
associated viruses), so long as the vector is compatible with the host cell used. The
expression vectors are "suitable for transformation of a host cell", which means that
the expression vectors contain a nucleic acid molecule of the invention and
regulatory sequences selected on the basis of the host cells to be used for
expreséion, which are operatively linked to the nucleic acid molecule. Operatively
" linked is intended to mean that the nucleic acid is linked to regulatory sequences in a
manner that allows expression of the nucleic acid. '

The invention therefore contemplates a recombinant expression vector
containing a nucleic acid molecule of the invention, or a frégment thereof, and the
necessary regulatory sequences for the transcription and translation of the protein
sequence encoded by the nucleic acid rﬁolecule of the invention.

| Suitable regulatory sequences may be derived from a variety of sources,
including bacterial, fungal, viral, mammalian, or insect genes (for example, see the
regulatory sequences described in Goeddel, 1990). Selection of appropriate
regulatory sequences is dependent on the host cell chosen as discussed below, and.
may be readily accomplished by one of ordinary skill in the art. Examples of such
regulétory sequehces include: a transcriptional p_romoter and enhancer or RNA
polymerase binding sequence, a ribosomal binding sequence, including a translation
initiation signal. Additionélly, depending on the host cell chosen and the vector
employed, other sequences, such as an origin of replication, additional 'DNA
restriction sites, enhancers, and sequences conferring inducibility of transcription
may be incorporated into the expression vector.

The recombinant expression vectors of the invention h\ay also coniain a
selectable marker gene that facilitates the selection of host cells transformed or
transfected with a recombinant molecule of the invention. Examples of selectable
marker genes are genes encoding a protein such as neomycin and hygromycin that
confer resistance to certain drugs, p-galactosidase, chloramphenicol
acetyltransferase, firefly luciferase, or an immuhoglobulin or portion thereof such as
the Fc portion of an immunogiobulin preferably 1gG. Transcription 'of the selectable

marker gene is monitored by changes in the concentration of the selectable marker



WO 2010/142952 PCT/GB2010/001130

- 69 -

protein such as B-galactosidase, chloramphenicol acetyltransferése, or firefly
luciferase. If the selectable marker gene encodes a protein conferring antibiotic
resistance such as‘*n'eomycin resistance transformant cells can be selected with
G418. Cells that ha\)é incorporated the selectable marker gene will survive, while the
other cells die. This:makes it possible to visualize and assay for expression of
recombinant expreséion vectors of the invention and in particular to determine the
effect of a mutation on expression and phenotype. It will be appreciated that |
selectable markers-can be introduced on a separate vector from the nucleic acid of
interest. : |

The recombihant expression vectors may also contain genes that encode a
fusion moiety that p‘ﬁovides increased expression of the recombinant protein,
increased solubility of the recombinant protein; and aid in the purification of the target
recombinant protein by acting' as a ligand in affinity purification (for example
appropriate "tags" to enable purification and/or identification may be present, e.g.,
His tags or myc tags). For example, a proteolytic cleavage site may be added to the
target recombinantlpr'otein'to allow separation of the recombinant protein from the
fusion moiety subse(quent to purification of the fusion protein. Typical fusion -
expression vectors include pGEX (Amrad Corp., Melbourne, Australia), pMal (New .
England Biolabs, Beverly, MA) and pRIT5 (Pharmacia, Piscataway, NJ) which fuse
glutathione S-transferase (GST), maltose E binding protein, or protein A,
respectively, to the recomblnant protein. _

Recombinant expression vectors can be mtroduced into host cells to produce
a transformed host c__e‘ll. The terms "transformed with", "transfected with",
"transformation” and "transfection” are intended to encompass introduction of nucleic
acid (e.g., a vector) into a cell by one of many possible techniques known in the art.
The term "transformed host cell" as used herein is intended to also include cells
capable of glycosylafio(n that have been transformed with a recombinant expression
vector of the invention. Prokaryotic cells can be transformed with nucleic acid by, for
example, electroporétion or calcium-chloride mediated transformation. For example,
nucleic acid can bé introduced into mammalian cells via conventional techniques
such as calcium phosphate or calcium chloride co-precipitation, DEAE-dextran
mediated transfection, lipofection, electroporation or microinjection. Suitable
methods for transforming and transfecting host cells can be found in Sarﬁbrook etal.,
1989, and other laboratory textbooks. ' ‘

Suitable host cells include a wide variety of eukaryotic host cells and
prokaryotic cells. Fo‘r.example, the proteins of the invention may be expressed in

yeast cells or mammalian cells. Other suitable host cells can be found in Goeddel,
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1990. In addition, the proteins of .the invention may be expressed in.prokaryotic cells,
“such as Escherichia coli (Zhang et al., 2004).

Yeast and fUhgi host cells suitable for carrying out the present invention
include, but are not limited to Saccharomyces cerevisiae, the genera Pichia or
Kluyveromycesl and various species of the genus Aspergillus. Examples of vectors
for expression in yeé’:st S. cerevisiae include pYepSec1 (Baldari. et al., ‘1987), pMFa
(Kurjan and Hersko‘v&.i_tz, 1982), pJRYS88 (Schultz et al., 1987), and pYES2 (Invitrogen
Corporation, San Diego, CA). Protocols for the transformation of yéast and fungi are
well known to those of ordinary skill in the art (see Hinnen et al., 1978; lto et al.,
1983, and Cullen et al. 1987).

Mammalian cells suitable for carrying out the present invention include,
among others: COS (e.g., ATCC No. CRL 1650 or 1651), BHK (e.g., ATCC No. CRL
6281), CHO (ATCC’ No. CCL 61), HelLa (e.g., ATCC No. CCL 2), 293 (ATCC No.
1573), NS-1 cells, NSO (ATCE CRL-11177), and Per.C6® (Crucell, Leiden,
Netherlar;ds). Suit\able expression vectors for directing expression in mammalian
cells generaliy inc|Udé a promoter (e.g., derived from viral material such as polyoma,
Adenovirus 2, cytomegalovirus and Simian Virus 40), as well as other transcriptional
and translational control sequences. Examples of mammalian expreésion vectors
include pCDM8 (Se'ed, B., 1987) and pMT2PC (Kaufman et al., 1987).

Given the teachings provided herein, promoters, terminators, and methods for
introducing expression vectors of an appropriate type into plant, avian, and insect
cells may also be rea_dily accomplished. For example, within one embodiment, the
proteins of the invention may be expressed from plant cells (see Sinkar et al., 1987,
which reviews the use of Agrobacterium rhizogenes vectors; see also Zambryski et
al., 1984, which describes the use of expression vectors for plant cells, including,
among others, PAPS2022, PAPS2023, and PAPS2034).

Insect cells suitable for carrying out the present invention include cells and
cell lines from Bombyx, Triéhoplusia or Spodotera épecies. Baculovirus vectors
available for expression of proteins in cultured insect cells (SF 9 cells) include the
pAc series (Smith et al., 1983) and the pVL series (Luckow and Summers 1989).
Some baculovirus-insect cell expression systems suitable for expression of the

- recombinant proteins of the invention are described in PCT/US/02442.
Alternatively, the proteins of the invention may also be expressed in non-
human transgenic animals such as, rats, rabbits, sheep and pigs (Hammer et al.
1985; Palmiter et al. 1983; Brinster et al. 1985; Palmiter and Brinster 1985, and U.S.
Patent No. 4,736,866).
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The proteins of the invention may also be prepared by chemical synthesis
using techniques well known in the chemistry of proteins such as solid phase
'synthesis (Merrifield (1964); Frische et al.; 1996) or synthesis in homogenous
solution. - ’

N-terminal or C-terminal fusion proteins comprising the antibodies and
. proteins of the invention conjugated to other molecules, such as proteins, may be
prepared by fusing 'through recombinant techniques. The reéultant fusion protéins
‘contain an antibody or protein of the invention fused to the selected protein or marker
protein, or tag protein as described herein. The antibodies and proteins of the |
invention may alsq be conjugated to other proteins by known techniques. For
example, the proteins may be coupled using heterobifunctional thiol-containing
linkers as described in WO 90/10457, N-sucdnimidyI-3-(2-pyridyIdithio-proprionate)
or N-succinimidyl-5 thioacetate. Examples of proteins that may be used to prepare
fusion proteins orbonjugates include cell binding protéins such as immunoglobulins,
hormones, growth factors, lectins, insulin, low density lipoprotein, glucagon,
endorphins, transferrin, bombesin, asialoglycoprotein glutathione-S-transferase
(GST), hemagglutinin (HA), and truncated myc.

Irre.spective'vof the manner of preparation of a first anti-CCR4 antibody nucleic
acid segment, further suitable antibody nucleic acid segments may be readily
prepared by standard molecular biological techniques. In order to confirm that any
variant, mutant or second generation anti-CCR4 antibody nucleic acid segment is
suitable for use in the present invention, the nucleic acid segment will be tested to
confirm expression of an anti- CCR4 antibody in accordance with the present
invention. Preferably, the variant, mutant or second generation nucleic acid segment
will also be tested to confirm hybridization under standard, more preferably, standard
stringent hybridization conditions. Exemplary suitable hybridization conditions
include hybridization in about 7% sodium dodecyl sulfate (SDS), about 0.5 M NaPO4,
about 1 mM EDTA at about 50° C; and washing with about 1% SDS at about 42°C.

As a variet'y’ of antibodies may be readily prepared, the treatment methods of
the invention may- be executed by providing to the animal or patient at least a first
nucleic acid segment or molecule that expresses a biologically effective amount of at
least a first anti- CCR4 antibody of the invention in the patiént The "nucleic acid
‘ segment or molecule that expresses an anti- CCR4 antibody” will generally be in the
form of at least an expression construct or vector and may be in the form of an
expression construct or vector comprised within a virus or within a recombinant host
cell. Preferred gene therapy vectors of the present invention will generally be viral

vectors, such as comprised within a recombinant retrovirus, herpes simplex virus
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(HSV), adenovirus, adeno-associated virus (AAV), cytomegalovirus (CMV), and the
like. n

. A yet further aspect provides an expression construct or expression vector
comprising one or more of tih"e hucleic acid segments or molecules of the invention.
Preferably the expression c‘bh's’gructs or vectors are recombinant. Preferably said
constructs or vectors further comprise the necessary regulatory sequenbes for the
transcription and translation of the protein sequence encoded by the nucleic acid
molecule of the invention.”

A yet further aspect p"r'b’v_ivdes a host cell or virus comprising one or more
expression constructs or expréséion vectors of the invention. Also provided are host
cells or viruses cor'ﬁprising one or more of the nucleic acid molecules of the
invention. A host cell or virus eéxpressing an antibody of the invention forms a yet
further aspéct. o ,

A yet further aspect of fhe invention provides a method of producing.an
antibody of the present invention comprising a step of culturing the host cells of the
invention. Preferred methods comprise the steps of (i) culturing a host cell
comprising one or more of the.recombinant expression vectors or one or more of the
nucleic acid sequences of the invention under conditions suitable for the expression
of the e‘ncoded antibody or'proie‘in; and optionally (i) isolating or obtaining the
antibody or protein from the Hos’t cell or from the growth medium/supernatant. Such
methods of producﬁon may also comprise a step of purification of the antibody or
protein product and/or formulating the antibody or product into a composition
including at least one additional component, such as a pharmaceutically acceptable
carrier or excipienti'

In embodirﬁents when the antibody or protein of the invention is made up of
more than one polybeptide cﬁéin (e.g., certain fragments such as Fab fragments),
then all the polypeptides are 'préferably expressed in the host cell, either from the
same or a different expressioh_ vector, so that the complete proteins, e.g., binding
proteins of the invention, can assemble in the host cell and be isolated or purified
therefrom. ‘ |

The antibodies of the invention may also be used to produce further
antibodies that bind to CCR4. Such uses involve for example the addition, deletion,
substitution or insertion of one‘_'or more amino acids in the amino acid sequence of a
parént antibody to form a new éntibody, wherein said parent antibody is one of the
antibodies of the invention as defined elsewhere herein, and testing the resulting new
antibody to identify antibodies that bind to CCR4. Such methods can be used to form
multiple new antibodies that can all be tested for their ability to bind CCR4.
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Preferably said addition, deletion, substitution or insertion of one or more amino acids
takes place in one or more of the CDR domains.

Such modification or mutation to a parent antibody can be carried out in any
appropfiate manner using techniques well known and documented in the art, for
example by carrying out methods of random or directed mutagenesis. If directed
mutagenesis is to be used then one strategy to identify appropriate residues for
mutagenesis utilizes the resolution of the crystal structure of the binding protein-
antigen complex7 e.g., the Ab-Ag complex, to identify the key residues involved in the
antigen binding (Davies and Cohen, 1996). Subsequently, those residues can be |

" mutated to enhance the interaction. Alternatively, one or more amino acid residues
can simply be targeted for directed mutagenesis and the effect on binding to CCR4
assessed. |

Random mutagenesis Cén be carried out in any appropriate way, e.g., by
error-prone PCR, chain shuffling or mutator E. coli strains. '

Thus, one dr more of the V}, domains of the invention can be combined with a
single V, domain or a repertoire of V. domains from any appropriate source and the
resulting new antibodies tested to identify antibodies specific for CCR4. Conversely,
one or more of the V|, domains of the invention can be combined with a single VHx
domain or repertoire of V; domains from any appropriate sourcé and the resulting
new antibodies tested to identify antibodies that bind to CCR4.

Similarly, oné or more, or preferably all three CDRs of the Vi and/or Vi
domains of the invention can be grafted into a single Vy and/or V. domain or a
repertoire of Vi and/or V. do'r"néins, as appropriate, and the resulting new antibodies
tested to identify antibodies that bind to CCR4.

The targeted mutations of the CDRs, especially CDR3 of the light and/or
heavy chains, have been shown to be an effective technique for increasing antibody
affinity and are preferred. Preferabfy, blocks of 3 to 4 amino acids of the CDRS3 or
specific regions called "hot-spots” are targeted for mutagenesis.

"Hot spots" are the sequences where somatic hypermutation takes place in .
vivo (and below Neuberger and M'ilstein, 1995). The hotspot sequences can be '
defined as consensus nucleotide sequences in certain codons. The consensus
sequence is the tetranucleotide, RGYW, in which R can be either Aor G, Y can be C
or T and W can be e‘ither A or T (Neuberger and Milstein, 1995). In addition, the
serine residues encoded by the nucleotides AGY are predominantly present in the
CDRs regions of the variable domain over those encoded by- TCN corresponding to a

potential hot-spot sequences (Wagner et al., 1995).
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Thus, the nucleotide sequence of the CDRs of the heavy and light chéins of
each antibody of the invention can be scanned for the presence of the hot-spot
sequences and AGY codons. The identified hot-spots of the CDR regions of the light
and heavy chain can then Optiorially be compared to the germinal sequences of the
heavy and light chains using the International ImMunoGen Tics database (IMGT,
http://imgt.cines fr/textes/vquest/) (Davies et al., 1990). A sequence, identical to the
germ line, suggest t_hat somatic mutation has not occurred, therefore random
mutations can be introduced mimicking the somatic events occurring in vivo or
alternatively, ;ite directed mutagenesis can be carried out, e.g., at the hot spots
and/or AGY codons. In contrast, a different sequence shows that some somatic
mutations have already occurred. It will remain to be determined if the in vivo
somatic mutation was optimal.

Preferred hot-épots for mutation are those that codé for exposed amino acids
and preferably those that encode amino acids that form part of the antigen binding
sites. Other preferred hot-spots for mutation are those that codé for non-conserved
amino acids. The hot-spots that code for buried or conserved amino acids within the
CDRs are preferablly not mutégeniied. ‘These residues are usually critical for the
overall structure and-are unlikely to interact with the antigen since they are buried.

Met'hods of barrying out the above described manipulation of amino acids and
protein domains are well known to a person skilled in the art. For example, said
manipulations could conveniently be carried out by genetic engineering at the nucleic
acid level wherein nucleic acid molecules encoding appropriate binding proteins and
domains thereof are mddified such that the amino acid sequence of the resuiting
expressed protein is in turn modified in the appropriate way.

Testing the Vability of one or more antibodies to specifically bind to CCR4 can
be carried out by any appropriate method, which are well known and described in the
art. CCR4+ cell lines may be obtained from culture collections, or they may be
prepared by transforming CCR4-negative cells with a construct that allows
expression of recombinant CCR4. Such cells, or immobilised CCR4 can readily be
used to assay binding, for example by conventional methods such as ELISA, BiaCon,
etc. . _ ' '

The new antibodies produced by these methods will preferably have
improved functional properties, e.g. a higher or enhanced affinity (or at least an
equivalent affinity) for CCR4 as the parent antibodies, and can be treated and used
in the same way as the antibodies of the invention as described elsewhere herein

(e.g., for therapy, diagnosis, in compositions etc). Alternatively, or additionally, the
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new antibodies will have one or more other improved functional properties as
described elsewhere herein.

New antibodies produced, obtained or obtainable by these methods form a
yet further aspect of the invention.

This invention further provides compositions comprising at least one human
antibody or antibody,fragment'of the invention, optionally including a diluent. Such |
compositions may be pharfnac‘éUtically acceptable compositions or compositions for
use in laboratory studies. In terms of fhe pharmaceutical compositions, they may
preferably be formulated for pa'renteral, intravenous or eveh subcutaneous
administration. '

The present invention provides ,é number of methods and uses of the human
antibodies and antibody fragm‘e’nts of the invention. Concerning all methods, the
terms "a" and "an" are used to mean "at least one", "at least a first", "one or more" or
"a plurality” of steps in the recited methods, except where specifically stated. This is
particularly relevant to the administration steps in the treatment methods. Thus, not
only may different doses be employed with the present invention, but different
numbers of doses, e.g., injections, may be used, up to and including multiple
injections. Combined therapeutics may be used, administered before, after or during
administration of the-anti-CCR4 therapeutic antibody. 1

"Various usefu! in vitro methods and uses of the antibodies or
immunoconjugates of the invention are provided that have important biological
implications. First provided are methods of, and uses in, binding CCR4, which
generally comprise eﬁectivély contacting a composition comprising CCR4 with at
least a first anti-CCR4 antibody of the invention, or antigen-binding fragment thereof.
The antibodies of the invention, or immunoconjugates thereof, can thus be used in
binding assays. Suitably useful binding assays include those commonly employed in
thé art, such as in immunob_lots, Western blots, dot blots, RIAs, ELISAs,
immunohistochemistry, fluorescent activated cell sorting (FACS),
immunoprecipitation, affinity 6hromatography, and the like.

Methods of, and uses.i'n, detecting CCR4 are provided, which generally
comprise contacting a composition suspected of containing CCR4 with at least a first
antibody or immunoconjugate of the invention, or antigen-binding fragment thereof,
under conditions effective to allow the formation of CCR4/antibody complexes and
detecting the complexes so formed. The detection methods and uses may be used
in connection with biological samples, e.g., in diagnostics for tumours, and diagnostic

kits based thereon are also provided.
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The methods and uses of the present invention are particularly intended for
use in animals and patients that have, or are at risk for developing, any disease or
condition associated with CCR4 expression or activity or in which CCR4 plays a
biological role. Such diseases and disorders include diseases which are mediated by
CCR4 positive cells, typically CCR4+ Th2 or Th17 cells, which, upon binding of a
ligand to CCR4, may take part in a signaling pathway which will cause or contribute
to a disorder or disease. T_he‘y also include diseases caused by aberrant
proliferation of cells expressing CCR4.- Such aberrantly proliferating cells may

_naturally be CCR4+, or they may have mutated/been transformed to express
CCR4 As mentioned above, expression of CCR4 may help cancer cells expressing
this antigen to evade the immuine system. Thus, there is provided a method of
treating a disease or disorder mediated by CCR4 and/or characterised by aberrant
prollferatlon of CCR4: posmve cells.

Alternatively viewed, there is provided the treatment of a condltlon which
can benefit from one or more of the following
(i) the selective elimination of CCR4+ cells
(ii) the inhibition of CCR4 binding' to one or more of its ligands
(iii) the inhibition of CCR4-mediated cellular responses to a CCRA4 ligand, particularly
the inhibition of chemotaxis or increased intracellular calcium ion concentration (cell
activation). |

Preferably, the CCR4 ligand is MDC and/or TARC.

It is well known to those of ordinary skill in the art that as CCR4 is involved in
a wide range of diseases and disorders, a given anti-CCR4 therapy, once shown to
be effective in any acceptable model system, can be used to treat the entire range of
dlseases and disorders connected with CCR4 expression. |

In one embodlment ‘the CCR4-mediated condition is a T-helper cell type 2-
mediated immune disease:. By "T-helper cell type 2-mediated immune disease" i
meant a disease involving immunoglobulin E (IgE) and mast ceils due to the
development and activation of allergen-spéciﬁc Th2 cells.

The CCR4—mediated disease or disorder may be a disease or condition
associated with inflammation, infection and/or cancer. Such diseases or disorders
can be treated or prevente'd with the present antibodies and compositions. Preferred
diseases or conditions include: (1) allergic diseases such as systemic anaphylaxis or
hypersensitivity respoﬁses, drug allergies, allergic bronchopulmonary aspergillosis
(ABPA), insect stin.g' allergies and food allergies‘,d (2) inflammatory bowel diseases,
such as Crohn's disease, ulcerative colitis, ileitis and enteritis, (3) vaginitis, (4)

psoriasis and inflammatory dermatoses such as dermatitis, eczema, atopic dermatitis,
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allergic contact dermatitis, urticaria and pruritus, (5) vasculitis, (6)
spondyloarthropathies, (7) scleroderma, (8) asthma and respiratory allergic diseases
such as allergic asthma, allergic rhinitis, chronic obstructive pulmonary diseasé,
hypersensitivity lung diseases and the like, (9) autoimmune diseases, such as
arthritis (including rheumatoid and psoriatic), multiple sclerosis, systemic lupus
erythematosus, type | diabetes, glomerulonephritis, and the like, (10) graft rejection
(including allograft rejection and graft-v-host disease), and (11) other diseases in
which undesired inﬂémmatory responses are to be inhibited, such as atherosclerosis,
myositis, T-cell mediated néu_rodegenerative diseases, multiple sclerosis,
encephalitis, meningitis, hepatitis, nephritis, sepsis, sarcoidosis, allergic conjunctivitis,
otitis, Castleman'’s disease, sinusitis, LPS-induced endotoxic shock, Behcet's
syndrome and gout, (12) cancers, both hematological and non-hematological
cancers, preferébly Breast cancer, Colorectal cancer, Esophageal cancer, Gastric
cancer, Hepatocellular carcinoma, Lung cancer, Melanoma, O\}ariah cancer,
Pancreatic cancer, Adult T-éell leukemia/lymphoma (ATL), Peripheral T-cell
lymphoma, unspecified Diffuse large B-cell lymphoma, Hodgkin's lymphoma, B-cell
chronic lymphocytic leukemia, CTCL, particularly Mycosis fungoides, Sezary
syndrome, cervical cancer, kidney cancer, brain cancer, prostate cancer, stomach
cancer (13) infections such as Epstein-Barr virus (EBV) infection, HIV infection and
other viral infections. ' )

The binding of the antibody of the present invention to CCR4 may also impair
the ability of CCR4-positive aberrant cells such as cancer cells to evade the host
immune system. The antibodies of the present invention may be used to block the
suppression of DCs by Treg cells, so there is provided the use of an anti-CCR4
antibody of the present invention as an adjuvantin a vaccine. The vaccine is
preferably a vaccine for cancer or an infectious disease. The vaccine may be a
preventative vaccine or a curative vaccine. By "adjuvant" is meant an-agent which .
enhances the immune response of a host to an antigen. When used as vaccine
-adjuvants, the antibodies of the present invention.are therefore typically administered
in conjunction or combined with an antigen against which it is desired to elicit an
immune response. ‘

" As used herein, the term "aberrant proliferation” means cell proliferation that .
deviates from the normal, proper, or expected course. For example, aberrant cell
proliferation may include inappropriate proliferation of cells whose DNA or other
cellular components have become damaged or defective.

Aberrant cell proliferation may inélude cell proliferation whose characteristics

are associated with an indication caused by, mediated by, or resulting in



WO 2010/142952 PCT/GB2010/001130

-78 -

. inappropriately high levels of cell division, inappropriately low levels of apoptosis, or
both. Such indications may be characterized, for example, by single or multiple local
abnormal proliferations of cells, groups of cells, or tissue (s), cancerous or non-
cancerous, benign or malignant. ‘

Any reference to "tumour(s)" herein also refers to "cancer(s)" or
"carcinoma(s)", Metastatic cancers can also be treated, as can the reduction of
metastases from a primary tumour. SQ-caIIed minimal residual disease'(MRD),.
which is left in post-surgery patients, may be amenable for immunotherapy with anti-
CCR4 antibodies.

" The present invention thus further provides methods of, and uses in, treating
a disease 'as defined above, comprising administering to an animal or patient with
such a disease, a therapeutically effective amount of an anti-CCR4 antibody of the
invention, or an antigen-binding fragment or immunoconjugate of such an anti-CCR4
antibody. '

A yet further aspect of the invention provides the use of the antibodies of the
invention or an antigen-binding fragment or immunoconjugate of such an antibody in
the manufacture of a composition or medicament for use in therapy, imaging or
diagnosis.

. A yet further aspect provides the antibodies of the invention or an antigen-
binding fragment or immunoconjugate of such an antibody for use in therapy,
diagnosis or imaging. |

In addition, the invention provides compositions comprising the antibodies of
the invention or anréhtigen—binding fragment or immurnoc'onjugate of such an
antibody with one or more pharmaceutically acceptaé)le excipient, carrier, diluent,
buffer or stabilizer. |

The in vivo methods as described herein are generally carried out in a
mammal. Any mamr_ha| may be treated, for example humans and‘any livestock,
domestic or Iab_dratory anirhal. Specific examples include mice, rats, pigs, cats,
dogs, sheep, rabbits; cows and monkey. Preferably, however, the mammal is a
human. .

Thus, the term "animal"}or "patient" as used herein includes any mammal, for
example humans é_hd any Iivestock, domestic or laboratory animal. Sbeciﬁc
examples include mice, rats, pigs, cats, dogs, sheep, rabbits, cows and monkey.
Preferably, however, the animal or patient is a human subject.

This invention links both methods of treating'disorders as defined above using
unconjugated or naked antibodies and fragments thereof, and CCR4+ cell, preferably

CCR4+ tumour cell, targeting methods using immunoconjugates in which an antibody
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of the invention or antigen-binding fragment thereof, is operatively attached to a
therapeutic agent. Unless otherwise specifically stated or made clear in scientific
terms, the terms "antibody and fragment thereof”, as used herein, therefore mean an
"unconjugated or naked" antibody or fragment, which is not attached to another
agent, particularly a therapeutic or diagnostic agent. These definitions do not
exclude modifications of the antibody, such as, by way of example only, modifications
to improve the biological half life; affinity, avidity or other properties of the antibody;,
or combinations of the antibody with other effectors.

The treatment methods and uses of the invention also encompass the use of
both unconjugated or naked antibodies and immunoconjugates. In the _
immunoconjugate-based-treatment methods, an antibody of the invention, or antigen-
binding fragment thereof, is preferably operatively attached to a second therapeutic
agent (the anti-CCR4 antibody itself, being the first therapeutic agent). The
therapeutic agent may for example be an anti-cancer agent or an anti-inflammatory
agént, including corticosteroids and non-steroidal anti-inflammatory drugs (NSAIDs). .

The foregoing treatment methods and uses will generally involve the
administration of the pharmaceutically effective composition to the animal or patient
systemically, such as by transdermal, intramuscular, intravenous injection and the
like. However, any route of administration that allows the therapeutic agent to
localize to the tumour site or sites, will be accebtable. Therefore, other suitable
routes of delivery inciude oral, nasal or respiratory and topical.

"Administration”, as used herein, means provision or delivery of anti-CCR4 \
antibody therapeutics.in an amount(s) and fof a period of time(s) effective to exert
therapeutic, e.g. anti-tumour effects. The passive administration of proteinaceous
therapeutics is generally preferred, in part, for its simplicity and reproducibility.

However, the term "administration” is herein used to refer to any and all
means by which anti-CCR4 antibodies of the invention are delivered or otherwise
provided to the target site. "Administration” therefore includes the provision of cells
that produce the anti-CCR4 antibody of the invention in a manner effective to result in
delivery to the target site. In such e_mbodiment.s, it may be desirable to formulate or
backage the cells in a selectively permeable membrane, structure or implantable
device, generally one that can be removed to cease therapy. Exogenous anti-CCR4.
antibody of the invention will still generally be preferred, as this represents a non-
invasive method that allows the dose to be closely monitored and controlied.

The therapeutic methods and uses of the invention also extend to the
provision of nucleic acids that encode an anti-CCR4 antibody of the invention in a

manner effective to result in their expression in the vicinity of the tumour or their
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localization to the target site. ‘Any gene therapy technique may be employed, such
as naked DNA delivery, recombinant genes and vectors, cell-based delivery,
including ex vivo manipulation of patients' cells, and the like.

The anti-CCR4 antibodies of the invention can also be used to deliver other
therapeutic or diagnostic agents to the target site In such embodiments, the other
therapeutic or diagnostic agents are generally operatively attached to the anti-CCR4
antibodies of the invention.

The "therapeutically effective amounts" for use in the invention are amounts
of anti-CCR4 antibody of the invention, or immunoconjugates thereof, effective to
specifically kill at least a portion of target CCRA4+ cells; to specifically induce
apoptosis in at least a portion of target CCR4+ cells; to specifically induce necrosis in
at least a portion of target CCR4+ cells; to inhibit the bindin‘g of a CCR4 ligand to
CCR4: to inhibit CCR4-mediated cellular responses to a CCR4 ligand, preferably
inhibit the increase in intracellular calcium ion concentration in response to a CCR4
ligand; to reduce inflammation; and/or to induce tumour regression or remission upon
administration to animals or patients having a CCR4+ tumour. Such effects are
preferably achieved while exhibiting little or no binding to, or little or no killing of cells
in normal, healthy tissues; and exerting negligible or manageable adverse side
effects on normal, healthy tissues of the animal or patient.

By "target site” is meant the location of-CCR4+ cells which mediate a disorder
or which proliferate in an aberrant manner causing or exacerbating a disorder. The
target site may thus for example be a tumour or the site of CCR4-mediated
inflammation. "Target cells” are CCR4+ cells which mediate a disorder or which
proliferate in an aberrant manner causing or exacerbating a disorder. Thus, target
cells may for example include CCR4+ tumour cells, CCR4+ Treg cells and/or CCR4+
Th2 cells. |

The terms "preferentially” and "specifically”, as used herein in the context of
killing or inducing apoptosis or of inducing necrosis of CCR4+ celvls such as CCR4+
tumour cells or of reducing inflammation or of inducing tumour regression or ‘
remission, thus mean that the anti-CCR4 antibody of the invention or
immunoconjugates thereof, function to achieve CCR4+ target cell destruction, e.g.
tumour cell destruction and/qr tumour nécrosis, that is substantially confined to the
target site, and does not substantially extend to 'causing destruction and/or tissue
necrosis in normal, healthy tissues of the animal or subject. ’

Anti-CCR4 antibodies of the invention or therapeutic conjugates are
preferably linked to one or more radiotherapeutic agents, chemotherapeutic agents,

anti-angiogenic agénts, apoptosis-inducing agents, anti-tubulin drugs, anti-cellular or
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cytotoxic agents, cytokine or chemokine antagohists, inhibitors of cytokine or
chemokine expression, ATPase inhibitors, anti-inflammatory agents, other antibodies
(e.g. as bispecific antibodies) or coagulants (coagulation factors) or anti-inflammatory
agents such as corticosteroids, preferably glucocorticoids, or non-steroidal anti-
inflammatory drugs (NSAIDs). :

The invention thus provides a range of conjugated antibodies and fragments
thereof in which the anti-CCR4 antibody is operatively attached to at least one other
therapeutic or diagnostic agent. The term "immunoconjugate” is broadly used to
define the operative association of the antibody with another effective agent and is
not intended to refer solely to any type of operative association, and is particularly not
limited to chemical "conjugation”. Recombinant fusion proteins are particularly
contemplated. So long as the delivery or targeting agent is able to bind to the target
and the therapeutic or diagnostic agent is sufficiently functional upon delivery, the
mode of attachment will be suitable.

Attachment of agents via the carbohydrate moieties on antibodies is also
contemplated. Glycosylation, both O-linked and N-linked, naturally occurs in
antibodies. Recombinant antibodies can be modified to recreate or create additional
glycosylation sites if desired, which is simply achieved by-engineering the appropriate
amino acid sequences (such as Asn-X-Ser, Asn-X-Thr, Ser, or Thr where Xis any
amino acid except Pro) into the primary sequence of the antibody.

Currently preferred agents for use in anti-CCR4 antibody or therapeutic

- conjugates of the invention and related methods and uses are those that complement
or enhance the effects of the antibody and/or those selected for a particular type of
disorder (e.g. tumour type) or patient.

"Therapeutic agents that complement or enhance the effects of the antibody"
include radiotherapeutic agents, chemotherapeutic agents, anti-angiogenic agents,
apoptosis-inducing agents, anti-tubulin drugs, anti-cellular or qyto_toxic agents,
coagulants, cytokine or chemokine antagonists, inhibitors of cytokine or chemokine
expression, ATPase inhibitors, anti-inflammatory agents such as corticosteroids,
preferably gluéocorticoids, or non-steroidal anti-inflammatory drugs (NSAIDs), other
antibodies, (e.g. as bispecific antibodies), any one or more of which are preferred for
use herewith. '

Currently preferred anti-cancer, particularly anti-leukaemia agents include
Anthracycline drugs such as daunorubicin, Doxorubicin, Cytarabine, 6-thioguanine,
Mitoxantrone, busulfan (Myleran®), dasatinib (Sprycel™), prednisone, vincristine

sulfate (Oncovin®), Chlorambucil, Fludafabine, Pentostatin and Cladribine.
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Currently preferred agents for the treatment of ATL include zidovudine
(azidothymidine) aqd the CHOP regimen. CHOP stands for Cyclophosphamide,

- Hydroxydaunorubicin (Adriamycin), Oncovin (Vincristine), Prednisone/Prednisolone.

-Currently preferred anti-angiogenic agents include angiostatin, endostatin,
any one of the angiopoietins, vasculostatin, canstatin and maspin. |

"Anti-tubulin drug(s)", as used herein, means any agent, drug, prodrug or
combination thereof that inhibits cell mitosis, preferably by directly or indirectly
inhibiting tubulin activities necessary for cell mitosis, preferably tubulin polymerization
or depolymerization. Currently preferred anti-tubulin drugs include colchicine, taxol,
vinblastine, vincristine, vindéscine and one or more of the combretastatins.

Currently preferred NSAIDs include COX-2 inhibitors, sulphonanilides,
licofelone and omega-3 fatty acids

The attachment or associatibn of the preferred agents with anti-CCR4
antibodies of the invention gives "immunoconjugates”, wherein such
immunoconjugates often have enhanced and even synergistic therapeutic properties,
€.g. anti-tumour or anti-inflamfnatory properties.

The use of anti-cellular and cytotoxic agents results in anti-CCR4 antibody
"immunotoxins” of the invention, whereas the use of coagulation factors results in
anti-CCR4 antibody "coaguligands” of the invention.

The use of at least two therapeutic agents is also contemplated, such as
combinations of one or more radiotherapeutic égents, chemotherapeutic agents, anti-

‘angiogenic agents, apoptosis-inducing agents, anti-tubulin drugs, anti-cellular and
cytotoxic agents, cytokine or chemokine antagonists, inhibitors of cytokine or
chemokine expression, ATPase inhibitors, anti-inflammatory agents such as
corticosteroids, preferably glucocorticoids, or non-steroidal anti-inflammatory drugs
(NSAIDs), other antibodies, (e.g. as bispecific antibodies) and coagulation factors.

In certain applications, the anti-CCR4 antibody therapeutics of the invention
will be operatively attached to cytotoxic, cytostatic or otherwise anti-cellular agents
that have the ability to kill or suppress the growth or cell division of cells. Suitable
anti-cellular agents include chém_otherapeutic agents, as well as cytotoxins and
cytostatic agents. Cytostatic agents are genefally those that disturb the natural cell
cycle of a target cell, preferably so that the.cell is taken out of the cell cycle.

Exemplary chemotherapeutic agents include: hormones, such as steroids;
anti-metabolites, such as cytosine arabinoside, fluorouracil, methotrexate or
aminopterin; anthracyclines; mitomycin C; vinca alkaloids; antibiotics; demecolcine;
etoposide; mithramycin; and anti-tumor alkylating agents, such as chlorambucil or

melphalan. Certain preferred anti-cellular agents are DNA synthesis inhibitors, such

o
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as daunorubicin, doxorubicin/adriamycin, and the like. Overall, taxol/paclitaxel,
docetaxel, cisplatin, gemcitabine, a combretastatin and doxorubicin/adriamycin are
currently preferred anti-cancer agents. |

V-type ATPase inhibitors are also currently preferred, such as
salicylihalamide, concanamycin or bafilomycin, as are protein synthesis inhibitors,
such as psymberin, pederin, irciniastatin A. ‘

' In certain therapeLrtiC' applications, toxin moieties will be preferred, due to the
much greater ability of most Vtexins to deliver a cell killing effect, as compared to other
potential agents. Therefore, certain preferred anti-cellular agents for anti-CCR4
antibody constructs ef the invention are plant-, fungus- or bacteria-derived toxins.
Exemplary toxins include epipodophyllotoxins; bacterial endotoxin or the lipid A
moiety of bacterlal endotoxin; ribosome rnactrvatlng proteins, such as saporin or
gelonin; a-sarcin; aspergillin; restrictocin; ribonucleases, such as placental
ribonuclease; diphtheria toxin and pseudomonas exotoxin. Currently preferred
examples are ricin, gelonin, abrin, diphtheria, pseudomonas and pertussis toxins.

Certain preferred toxins are the A chain toxins, such as ricin A chain. The
most preferred toxin moiety is often ricin A chain that has been treated to modify. or
remove carbohydrate residues, so called "deglycosylated A chain" (dgA).
Deglycosylated ricin A chain is preferred because of its extreme potency, longer half-
life, and because it is economically feasible to )manufact‘ure it a clinical grade and
scale. Recombinant and/or truncated ricin A chain may also be used.

The anti-CCR4 antibody therapeutics of the invention may comprise a
component that is capable of promoting coagulation, i.e., a coagulant. Here, the
targeting antibody may be directly or indirectly, e.g., via another antipody, linked to a
factor that directly or indirectly stimulates coagulation.

Preferred coagulatlon factors for such uses are Tissue Factor (TF) and TF

" derivatives, such as truncated TF (t{TF), dimeric, trimeric, polymeric/multimeric TF,
and mutant TF deficient in the ability to activate Factor VII. Other suitable
coagulation factors include vitamin K-dependent coagulants, such as Factor Il/lla,
Factor VII/Vlla, Factor IX/1Xa and Factor X/Xa; vitamin K-dependent coagulation
factors that lack the Gla modification; Russell's viper venom Factor X activator;
platelet-activating cbmpounds, such as thromboxane A, and thromboxane A;
synthase; and inhibitors of fibrinolysis, such as a2-antiplasrnin. Qverall, truncated
Tissue Factor (tTF) is currently preferred.

The preparation of immur\oconjugates and immunotoxins is generally well
known in the art (see, e.g., U.S. Patent No. 4,340,535). Each of the following paterfts

are further rncorporated herein by reference for the purposes of even further
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supplementing the present teachings regarding immunotoxin generation, purificatibn
and use: U.S. Patent No. 6,004,554, 5,855,866; 5,965,132; 5,776,427, 5,863,538,
5,660,827 and 6,051,230. |

A variety of chemotherapeutic and other pharmacological agents can also be
successfully conjugated to anti-CCR4 antibody therapeutics of the invention.
Exemplary antineoblastic agents that have been conjugated to antibodies include

‘ doxorubicin, daunomycin, methotrexate and vinblastine. Moreover, the attachment of
other agents such as neocarzinostatin, macromycin, trenimon and a-amanitin has
been described (see U.S. Patent No..5,660,827; 5,855,866;'and 5,965,132; each |
incorporated herein.) ,

The preparation of coaguligands is also easily practiced. The operable
association of one or more coagulation factors with an anti-CCR4 antibody of the
invention may be a direct linkage, such as those described above for the
immunotoxins. Alternatively, the_operative association- may be an indirect
attachment, such as where the antibody is operatively attached to a second binding
region, preferably an antibody or antigen binding région of an antibody, which binds
to the coagulation factor. The coagulation factor should be attached to the anti-
CCRA4 antibody of the invention at a site distinct from its functional coagulating site,
particularly where a covalent linkage is used to join the molecules.

Bispecific or trispecific antibodies may also be employed in the methods of
the invention. In such antibodies one arm binds to CCR4 and is an antibody of the
preseht invention. Methods for preparing bispecific antibodies are well known and
described in the art.

In the preparation of immunoconjugates, immunotoxins and coaguligands,
recombinant expression may be employed. The nucleic acid sequences encoding
the chosen anti-CCR4 antibody of the invention, and thérapeutic agent, toxin or
coagulant, are attached in-frame in an expression vector. Recombinant expression
thus results in translation of the nucleic acid to yield the desired immunoconjugate.
Chemical cross-linkers and avidin:biotin bridges may also join the therapeutic agents
to the anti-CCR4 antibody of the invention.

The compositions and methods of the present invention may be used in
combination with other therapeutics and diagnostics. In terms of biological agents,
preferably diagnostic or therapeutic agents, for use "in combination" with an anti-
CCR4 antibody in accordance with the present invention, the term "in combination" is
succinctly used to cover a range of embodiments. The "in combination” terminology,

unless otherwise specifically stated or made clear from the scientific terminology,
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thus applies to various formats of combined compositions, pharmaceuticals,
cocktails, kits, methods, and first and second medical uses.

The "combined" embodiments of the invention thus include, for example,
where the anti-CCR4 of the invention is a naked antibody and is used in combination
with an agent or therapeutic agent that is not operatively attached thereto. In such
cases, the agent or therapeuﬁc agent may be used in a.ﬁon-targeted or targeted
form. In "non-targeted form", the agent, particularly therapeutic agents, will generally
be used according to their standard use in the art.' In "targeted form", the agent will
generally be operatively attached to a distinct antibody or targeting region that
delivers the agent or therapeutic agent to the target disease site. The use of such
targeted forms of biological agents, both diagnostics and therapeutics, is also quite
standard in the art. ' |

In other "combined” embodiments of the invention, the anti-CCR4 antibody of
the invention is an immunoconjugate wherein the antibody is itself operatively
associated or combined with the agent or therapeutic agent. The operative
attachment includes all forms of direct and indirect attachment as described herein
and known in the art.

The "combined” uses, partncu|ar|y in terms of an anti-CCR4 antibody of the
invention in combination with therapeutic agents; also include combined
compositions, pharmaceuticals, cocktails, kits, methods, and first and second
medical uses wherein the therapeutic agent is in the form of a prodrug. in such
embodiments, the activating component able to convert the prodrug to the functional
form of the drug may again be operatively associated with the anti-CCR4 antibodies
of the present invention. |

In certain prefefred embodiments, the therapeutic compositions,
combinations, pharmaceuticals, cocktails, kits, methods, and first ahd second
‘medical uses will be "prodrug combinations”. As will be understood by those of
ordinary skill in the art, the term "prodrug combination”, unlesé otherwise stated,
means that the antibody of the invention is operatively attached to a component
capable of converting the prodrug to the active drug, not that the antibody is attached
to the prodrug itself. However, there is no requirement that the prodrug
embodiments of the invention need to be used as prodrug combinations.
Accordingly, prodrugs may be used in any manner that they are used in the art,
including in ADEPT and other forms.

. Thus, where combined compositions, pharmaceuticals, cocktails, kits,
‘methods, and first and second medical uses are described, preferably in terms of

diagnostic agents, and more preferably therapeutic agents, the combinations inblude
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anti-CCR4 antibodies that are naked antibodies and immunoconjugates, and wherein
practice of the in vivo embodiments of the invention involves the prior, simultaneous
or subsequent administration of the naked antibodies or immunoconjugate and the
biologieal, diagnostic or therapeutic agent; so long as, in some conjugated-or
unconjugated form, the overall provision of some form of the antibody and some form
of the biological, diagnostic or therapeutic agent is achieved.

The foregoing and other explanations of the effects of the present invention

- on tumors are made for simplicity to explain the comblned mode of operation, type of
attached agent(s) and such like. This descriptive approach should not be interpreted
as either an understatement or an oversimplification of the beneficial properties of the
antl CCR4 antibodies of the invention. It will therefore be understood that such
antibodies themselves have anti-CCR4 properties and that immunoconjugates of
such antibodies Wil! maintain these properties and combine them with the properties
of the attached agent; and further, that the combined effect of the antibody and any
attached agent will typically be enhanced and/or magnified.

The invention therefore provi.des compositions, pharmaceutical compositions,
therapeutic kits and medicinal cocktails comprising, optionally in at least a first
composition or container, a biologically effective amount of at least afirst anti-CCR4
antibody of the invention, or an antigen-binding fragment or immunoconjugate of
such an anti-CCR4 antibody; and a biologically effective amount of at least a second
biological agent, component or system. |

The "at least a second biological agent, component or system" W||l often be a
therapeutic or diagnostic agent, component or system, but it need not be. For
example, the at least a second biological agent, component or system may comprise
components for modification of the antibody and/or for attaching other agents to the
antibody. Certain preferred second biological agents, components or systems are
p.rodrugs or components for making and using prodrugs, including components for
making the prodrug itself and components for adapting the antibodies of the invention
to function in such prodrug or ADEPT embodiments.

Where therapeutic or diagnostic agents are included as the at least a second
biological agent, component or system, such therapeutics and/or diagnostics will
typically be those for use in connection with the treatment or diagnosis of one or
more of the disorders defined above. | _

Thus, in certain embodiments "at least a second therapeutic agent" will be
included in the therapeutic kit or cocktail. The term "at least a second therapeutic
agent" is chosen in reference to the anti-CCR4 antibody of the invention being the

first therapeutic agent. The antibodies of the invention may thus be combined with



WO 2010/142952 PCT/GB2010/001130

-87 -

chemotherapeutic agents, radiotherapeutic agenfs, cytokine or chemokine
antagonists, inhibitors of cytokine or chemokine expression, anti-angiogenic agents,
apoptosis-inducing agents or anti-cancer immunotoxins or coaguligands, or anti-
inflammatory agents including corticosteroids and NSAIDs, some examples of which
are discussed elsewhere herein. _

Other e'xemplary anti-cancer agent include, e. g., heomycin,

’ podophyllofox_in(s), TNF-a, a,B3 antagohists, calcium ionophores, calcium-flux
inducing agents, and any derivative or prodrug thereof. Currently preferred anti-
tubulin drugs include colchibine, 'taxol, vinblastine, vincristine, vindescine, a
combretastatin or a derivative or prodrug thereof.

In terms of compositions, kits and/or medicaments of the invention, the
combined effective'amounts of the therapeutic agents may be comprised withina |
single container or container means, or comprised within distinct containers or

container means. The cocktails will generally be admixed together for combined use.

Agents formulated for intravenous administration will often be preferred. Imaging

components may also be included. The kits may also comprise instructions for using

the at least a first antibody and the one or more other biological agents included.

S-peaking generally, the at least a second therapeutic agent may be
administered to the animal or patient substantially simultaneously with the ahti-CCR4
antibody of the invention; such as from a single pharmaceutical composition or from
two pharmaceutical compositions administered closely together.

Alternatively, the at least a second therapeutic agent may be administered to
the animal or patiént at a time sequential to the administration of the anti-CCR4. '
antibody of the invention. "At a time séquential", as used herein, means "staggered”,
such that the at least a second anti-cancer agent is administered to the animal or
patient at a time distinct to the administration of the anti-CCR4 antibody of the
invention. Generally, the two agents are administered at times effectively Spaced
apart to allow the two agents to exert their respective therapeutic effects, i.e., they
are administered at "biologicaily effective time intervals”. The at least a second
therapeutic agent may be administered to the animal or patient at a biologically
effective time prior to the anti-CCR4 antibody of the invention, or at a biologically
effective time subsequent to that therapeutic. 4

Accordingly, the present invention provides methods for treating an animal or
patient with a tumor, comprising: »

(a) subjecting the animal or patient to a first treatment that substantially reduces

the tumor burden; and
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(b) subsequently administering at least a first anti-CCR4 antibody of the
invention, or antigen-binding fragment thereof; optionally wherein the éntibody or
fragment is operatively associated with a second therapeutic agent.

Preferred first treatments include surgical resection and chemotherapeutic

~ intervention. '

In other embodiments, the present invention provides methods for treating an
animal or patieht with a CCR4-mediated disorder, chprising: '

(a) subjecting the animal or patient to é first treatment that substantially reduces
the CCR4-mediated burden such as inflammation; and

(b) subsequently administering at least a first anti-CCR4 antibody of the
invention, or antigen-binding fragment thereof; bptiohally wherein the antibody or
fragment is operatively associated with a second therapeutic agent. - |

in certain other embodiments, the antibodies and immunoconjugates of the
invention may be combined with one or more diagnostic agents, typically diagnostic
agents for use in connection with the diagnosis of a disorder as defined above. A
range of diagnostic compositions, kits and methods are thus included within the
invention. _

Yet further aspects are methods of diagnosis or imaging of a subject
comprising the administration of an appropriate amount of an antibody or other
protein of the invention as defined herein to the subject and detecting the presence
and/or amount and/or the location of the antibody or other protein of the invention in
the subject. '

- In one embodiment, the invention provides a method of reducing
immunosuppression associated with CCR4 expression in an animal, bomprising
administering to said animal the antibody of the invention, or an immunocohjugate
thereof, in an amount effective to form complexes between said antibody and CCR4
in said animal, thereby reducing immunosuppression associated with CCR4
expression in an animal.

Appropriate diseases to be imaged or diagnosed in accordance with the
above described uses and methods include any disease and preferably any cancer
as described elsewhere herein. '

In one embodiment, the invention provides a method of diagnosing disease or -
rhonitoring the prdgress of disease in an animal comprising the step of:

(a) contacting a test‘sample taken from said animal with an antibody of the
invention or an immunoconjugate thereof.

In a further embodiment, the invention provides a method of diagnosing

disease or monitoring the progress of disease in an animal comprising the steps of:
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(a) contacting a test sample taken from said animal with an antibody of the
invention or an immunoconjugate thereof;

(b) measuring or detecting the presence and/or amount and/or location of
antibody-antigen complex in the test sample; ahd, optionally

(c) comparing the presence and/or amount of antibody-antigen complex in the A
test sample to a control. '

In the above methods, said contacting step is carried out under conditions
that permit the formation of an antibody-antigen complex. Appropriate conditions can
readily be determined by a person skilled in the art. '

In the above methods any appropriaté test sample may be used, for example
biopsy cells, tissues or organs suspected of being affected by disease or histological
sections. - ‘ ' |

In certain of the above methods, the presence of any amount of antibody-
antigen complex in the test sample would be indicative of the presence of disease.
Preferably, for a positive diagnosis to be made, the amount of antibody-antigen
complex in the test sample is greater than, preferably significantly greater than, the
amount found in an appropriate control sample. More preferably, the significantly
greater levels are statistically significant, preferably with a probability value of <0.05.
Appropriate methods of determining statistical significance are well known and

'. documented in the art and any of these may be used.

Monitoring the progress of a disease may also involve monitoring the
presence and/or amount of antibody-antigen complex in test samples over time. »
Thus, monitoring fnay involve (d) comparing the presence and/or amount of antibody-
antigen complex in a first test sample to the presence and/or amount of antibody-
anfigen complex in a second test sample taken from said animal. By "first test
sample” is meant a sample that was taken prior to taking the "second test sample”,
for example 1, 2, 3,4,5,6,7, 8,9, 10, 11 or 12 days, weeks, months or years prior to
taking the second test sample. A decrease in the amount of antibody-antigen
complex in the second test sample cdmpared to the first test sample is indicative of
the disease regressing, whereas an increase is indicat'ive of the disease progressing.

Appropriate control samples could be readily chosen by a pérson skilled in
the art, for example, in the case of diagnosis of a parti-cular disease, an appropriate
control would be a sample from a subject that did not have that disease. Appropriate
control "values" could also be readily determined without running a control "sample”
in every test, e.g., by reference to the range for normal subjects known in the art.

For use in the diagnostic or imaging applications, the antibodies of the

invention may be labeled with a detectable marker such as a radio-opaque or
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radioisotope, such as °H, 1¥C, 2P, 3, 13| 125|131 4 radioactive emitter (e.g., o, B or
v emitters); a fluorescent (fluorophore) or chemiluminescent (chrompphore)
compound, such as fluorescein iéothiocyanate, rhodamine or luciferin; an enzyme,
such as alkaline phosphatase, beta-galactosidase or horseradish peroxidase; an
imaging agent; or a metal ion; or a chemical moiety such as biotin which may be
detected by binding to a specific cognate detectable moiety, e.g., labelled
avidin/streptavidin. Methods‘of attaching a label to a binding protein, such as an
antibody or antibody fragment, are known in the art. Such detectable markers allow
the presence, amount or location pf binding protein-antigen complexes in the test
sample to be examined.

Preferred detectable markers for in vivo use include an X-ray detectable
compound, such as bismuth (1l1), gold (1It), lanthanum (ill) or lead (I1); a radioactive
ion, such as copper®’, gallium®, gallium®, indium"", indium ™, iodine'%, iodine'?®,
iodine'™, mercury'®, mercury?®, rhenium®, rhenium®, rubidium®, rubidium'®,
technetium®™ or yttrium®®; a nuclear magnetic spin-resonance isotope, such as
cobalt (11}, copper (1I), chromium (1), dysprosium (llI), erbium (lil), gadolinium I(lll),
holmium (111), iron (1), iron (111), manganese (11), neodymium (ili), nickel (1), samarium.
(1), terbium (1), vanadium (Il) or ytterbium (Iil);jor rhodamine or fluorescein.

_ The invention also includes diagnostic or imaging agents comprising the
antibodies of the invention attached to a label that produces a detectable signal,
directly or indirectly. Appropriate labels are described elsewhere herein.

The invention further includes kits comprising one or more of the antibodies,
~immunoconjugates or compositions of the inventioh or one or more of the nucleic

acid molecules encoding the antibodies of the invention, or one or more recombinant

. expression vectors comprising the nucleic acid sequences of the invention, or one or

more host cells or viruses comprising the recombinant expression vectors or nucleic
acid sequences of the invention. Preferably said kits are for use in the methods and
uses as described herein, e.g., the therépeutic, diagnostic or imaging methods as
described herein, or are for use in the in vitro assays or methods as described
herein. The antibody in such kits may preferably be an antibody conjugate as
described elsewhere herein, e.g., may be conjugated to a detectable moiety or may
be an immumoconjugate. Preferably said kits comprise instructions for use of the kit
components, for example in diagnosis. 'Preferably said kits are for diagnosing or
treating diseases as described elsewhere herein and optionally comprise instructions

for use of the kit components to diagnose or treat such diséases.
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The antibodies of the invention as defi.néd herein may also be used as
molecular tools for in vitro or in vivo applicationé and assays. As the antibodies have
an antigén binding site, these can function as memibers of specific binding pairs and
these molecules can be used in any assay whére the particular binding pair member
is required. .

Thus, yet further aspects of the mventlon provide a reagent that comprises an
antibody of the invention as defined herein and the use of such antibodies as
molecular tools, for example in in vitro or in vi\}'Q assays.

Cancer treatment may also be carried-out by:

(a) forming an image of a tumor by adminiS’tering to an animal or patient having a
tumor a diagnostic amount of at least a first dé_téCtably—labeIed anti-CCR4 antibody of
the invention, comprising a diagnostic agent ‘d_f)'_eir'atively attached to the anti-CCR4
antibody of the invention, thereby forming a detectable image of the tumor; and

(b) éubsequently administering to the sarﬁé animal or patient a therapeutically.
optimized amount of at least a first naked anti;fCCR4 antibody of the invention or
therapeutic agent-antibody construct using such an antibody, thereby causing an
anti-tumor effect. . '

The invention will now be described in fore detail in the followung non-limited
examples with reference to the Tables and Figures in which:

Table 1 lists some of the sequences dis'CIosed herein relating to antibody 17G

Table 2 lists some of the sequences _disClosed herein relating to antibody 9E

Table 3 lists some of the sequences disclosed herein relating to antibody 10

Table 4 lists some of>the sequences _di's‘clo’sed herein relating to antibody 11F‘

Table 5 lists some of the sequences c'i:i"s”c|osed herein relating to the IgG form
of antibody 17 G. The variable regions are underlmed

Table 6 lists some of the sequences disclosed herein relatlng to 1gG form of
antibody 9E. The variable regions are underlined.

Table 7 lists some of the sequences disclosed herein relating to IgG form of
antibody 10 The variable regions are underlined.

Table 8 lists some of the sequences dlsclosed herein relating to 1gG form of
antibody 11F. The variable regions are underlln_ed.

Table 9 shows the calculated affinities (Kp Values) from 1gG titrations on
CCR4" cells using “One site - Specific bindin‘vg’_’ model_ of the software Prism
(GraphPad, San Diego, CA). The IgG forms of antibodies 17G, 9E and KM3060var
using variolus CCR4" cell types were used (see EXampIe 2). “

Table 10 shows the sequences of ahtibody KM3060var.
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Table 11 lists some of the sequences disclosed herein relating to antibody
9E10J.

Table 12 lists some of the sequenceédis(:l'osed herein relating to antibody
9E1D. . ‘ .

Table 13 lists some of the sequences disclosed herein relating to 1gG form of
antibody 9E10J. The variable regions are underlined. ,
Table 14 lists some of the sequences disclosed herein relating to IgG form of
" antibody 9E1D. The variable regions are underlined.

Table 15 shows apparent affinities (/Cso and Kp) determined from results
obtained in Example 4. '

Table 16 shows /Cs values determined in Ca** flux assays (Example 5).

Table 17 shows a comparison of ADCC activity of anti-CCR4 antibodies
(Example 6).

Table 18 shows a comparison of ADCC activity of anti-CCR4 antibodies
including defucosyiated 9E10J (Exafnple 1’1).: :
- Table 19 shows some of the results of Example 14. Apparent affinities (Kp) as

determined by saturated antibody titration on cells in flow cytometry.

Table 20 shows some of the results of Example 9. /Cs; values and calculated
affinities (Kp) for cell-binding inhibition of biotinylated MDC, aé determined from
competition binding experiments on DT-40-CCR4" and CCRF-CEM cells.

Table 21 shows some of the results of Example 9.' ICs values for cell-binding
inhibition of biotinylated TARC, as determinéd from competition binding experiments
on DT-40-CCR4" and CCRF-CEM cells.

Table 22 shows an overview of determined ICso-values from competition
experiments of Example 9. | _

Table 23 shows CDR consensus sequences based on the antibodies
discloses herein.

Table 24 shows sorhe results of Exémple_v'15 concerning the determination of
the effect of 9E10J on platelet aggregation. 'P'Iat'e"lets were isolated from fresh donor-
blood and incubated in presence of either 9E10J-1gG (10 pg/ml) or native ligands
MDC and TARC (0.25 pg/ml). ADP (3 uM) was used as control to demonstrate that
platelets behave as expected. Anti-GFP (10 pg/ml) was included into the
measurements as well to demonstrate spec_ificify of the assay. Aggregation was
determined and expressed in % by measuring the absorbance in the sample

chambers which were compared to a platelet-depleted plasma (= 0% aggregation) in
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parallel. Preincubation = IgG-samples were fir.st'.incubated with the platelets for 10
min, followed by addition of the ligands; mixture = IgG-samples were mixed with the
ligands and followed by incubation with the platelets.

'Figure 1 shows the nucleotide and amino acid sequence of inter alia the
hea\}y and light chain of clone 17G. ScFv was cloned via Ncol/Notl site into pHOG21.
The restriction sites used for initial cloning (N¢ol, Hindlll, Miut and Notl) are italicized
and underlined. The linker sequence between VH and VL is in italic. The c-myc
epitope and 6 His are underlined and double und'e.'rlined, respectively.

Figure 2 shows the nucleotide and amino acid sequence.of inter alia the
heavy and light chain of clone 9E. ScFv was cloned via Ncol/Noti site into pHOG21.
The restriction sites used for initial cloning (Ncol; Hindlll, Miul and Nétl) are italicized
and underlined. The linker sequence between VH and VL is in italic. The c-myc |
epitope and 6 His are underlined and double underlined, respectively.

Figure 3 shows the nucleotide and amino acnd sequence of inter alia the
-heavy and light chain of clone 10. ScFv was cloned vna Ncol/Notl site into pHOGZ1
The restriction sites used for initial cloning (Ncol, Hindlll, Miul and Notl) are italicized
and underlined. The linker sequence between VH and VL is in italic. The c-myc
epitope and 6 His are underlined and double underlined, respectively.

Figure 4 shows the nucleotide and amino acid sequence of inter alia the
heavy and light chain of clone 11F ScFv was cloned via Ncol/Not! site into pHOG21.
The restriction sites used for initial cloning (chl, Hindlll, Miul and Notl) are italicized
and underlined. The linker sequence between VH and VL is in italic. The c-myc
epitope and 6 His are underlined and double und_é‘rlined, respectively.

Figure 5 illustrates some of the results of the flow cytometry of Example 2.
The CCR4 specificity of the antibodies 17G IgG and 9E IgG was confirmed by
staining CCR4 transfected and untransfected DT40 cells. The anti-CCR4 antibody
KM3060var IgG served as a positive control and anti-GFP 19G was used as a
negative control in this experiment

Figure 6-illustrates some of the results -of the flow cytometry of Example 2.
The binding of anti-CCR4 antibodies KM3060var, 17G and 9E to CCR4 expressing
cell line CCRF-CEM was analyzed using flow cytometry. Staining of the cells was
performed in triplicate and error-bars indicate thé standard deviations which are too
small to be seen. The negative control antibody anti-GFP did not give any staining
signals.

Figure 7 illustrates some of the results of the flow cytometry of Example 2.
The CCR4-specificity of the 10 antibody was confirmed by staining CCR4
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transfected and untransfected DT40-cells. The anti-GFP scFv served as a negative
control in this experiment. '

Figure 8 illustrates some of the results of the flow cytometry of Example 2.
The CCR4-specificity of the 11F antibody was confirmed by staining CCR4
transfected and untransfected DT40-cells. The anti-VZV scFv served as a negative
control in this experiment. |

Figure 9 is a graph which shows some of the results of Example 3. The anti-
CCR4 antibodies 11F, 9E, 17G'and 10 interfere with the ligand MDC binding to
CCRA4 transfected DT40 cells as determined by flow cytometry by staining cells with
the scFvs after pre-incubation with different concentrations of MDC. in accordance
with previous reports, the antibody KM3060var did not interfere the MDC binding to
the CCR4 receptor.

Figure 10 Figures 10 A, B and C are graphs showing the results of the
competition assay of Example 4 The bindihg of éntibody to CCR4 is shown as the
percentage of maximum binding (i.e. binding in the absence of any competitor)
plotted against increasing concentrations of the test antibodies (i.e. the putative
competitors). '

Figure 10 A shows binding of 0.28 nM bictinylated 17G IgG to CCR4
transfected DT40-cells in presence of non-biotinylated 17G, 9E and KM3060var 1gGs.
KM3060var does not have any appreciable effect on the binding of 17G to CCRA4,
whereas the présence of antibody 9E causes a reduction in the amount of 17G that
binds to CCR4, indicating that 17G and 9E compete with one another for binding to
CCRA4. | |

Figure 10B shows binding of 7 nM biotinylated 9E IgG to CCR4 transfected
DT40-cells in presence of non-biotinylated 17G, 9E and KM3060var. KM3060var
does not have any appreciable effect on the Vbinding of 9E to CCR4, whereas the
presence of antibody 17G causes a reduction in the amount of 9E that binds to
CCR4, confirrﬁing the results of Figure 10A that 17G and 9E compete with one
another for binding to CCRA4. - '

Figure 10C shows binding of 6.8 nM biotinylated KM3060var IgG to CCR4
transfected DT40-cells in presence of non-biotinylated 17G, 9E and KM3060var. It
can be seen that neither 17G nor 9E compete with KM3060var for binding to CCR4.

Figure 11 shows the results of Example 5 in which calcium flux inhibition by
9E, 17G and KM3060var IgG was assayed.: The natural CCR4" CCRF-CEM cell line,
labeled with Fluo-4, was breincubated with antibodies followed by stimulation with
TARC (A) or MDC (B) ligands. The recording of the cells started about 15 sec after
the ligand addition. TARC and MDC both cause calcium flux, seen as a high peak in
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the Figures. TARC-induced calcium flux is almost.completely inhibited by 17G and
9E respectively, but not by KM3060var. MDC-indt"Jced calcium flux is also strongly
inhibited by 17G and 9E respectively, but not by KM3060var.

Figure 12 A an.d B shows antibody—depe’ndént cell cytotoxicity (ADCC) results
of Example 6. The figure shows that 17G (Figure 12B) and 9E (Figure 12A) are able
to induce ADCC of CCRF-CEM cells in the presence of human PBMCs. |

Figure 13 is a graph which shows some of the results from Example 2. The
CCR4-specificity of the antibodies 9E10J and 9E1D was confirmed by staining CCR4
transfected and untransfected DT40 cells. 9E served as a positive control in this
experiment. Binding to CCR4+ cells is shown using light grey bars. Binding to
CCR4- cells is shown using dark grey bars, the absence of a dark grey bar meaning
that no significant binding could be detected.

Figuré 14 is a graph which shows some of the results from Example 3.
Binding of anti-CCR4 scFv antibodies 17G, 9E, 10, 11F and KM3060var to CCR4-
transfected DT-40 cells was assayed in the presence or abgence of the CCRA4 ligand

TARC, as determined by flow cytometry.

Figure 15 shows some of the resulté from Example 4. Competition titration of
fixed amounts of biotinylated IgG1 9E at concentration of either 0.7 (a, c) or 3.3 nM-
(b) in presence of increasing concentrations ‘of unlabelled IgGs 9E, 9E1v0J or
KM3060var on DT-40-CCR4" (a-b) or CCRF-CEM cells (c). Detection of bound
biotinylated IgG was performed by Strep-PE. MFI= median fluorescence intensity

Figure 16 shows some of the results from Example 5. Ca'"-flux assays were
carried out on CCRF-CEM cells labelled with Fluo-4 using overlapping concentration
intervals. Cells were pre-incubated with SE, 9E10J, or KM3060var IgGs for 15 min
before adding the CCR4-specific ligand TARC. The IgG concentrations were 0.001
pg/ml (a), 0.01 pg/mi (b), 0.1 pg/ml (c), 0.1 pg/ml (e), 1.0 pg/mi (f) and 10 pg/ml (g).
The areas under the curves (AUC) were integrated using software Prism (GraphPad)
and plotted as percentage of AUC for maximal stimulation with TARC alone, as

shown in panels (d) and (h) for the left and right columns, respectively.

Figure 17 shows some of the results from Example 5. Ca“—fldx assays were
carried out on CCRF-CEM cells labelled with Fluo-4 using overlapping concentration
intervals. Cells were pre-incubatéd with 9E10J or KM3060var IgGs for 15 min before
adding the CCR4-specific ligand TARC. A broad range of IgG concentrations was

used. Signals were recorded and the areas under the curves (AUC) were integrated
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using software Prism (GraphPad) and plotted as percentage of AUC for maximal
stimulation with TARC alone.

Figure 18 shows some of the results from Example 6, concerning ADCC of
-CCRF-CEM cells mediated by anti-CCR4-antibodies. Figure 18 (a) comparison of
IgG 9E to IgG 9E10J, Figure 18 (b) comparison of 9E10J to KM3060var.

Figure 19 shows some of the results from Example 10. Bihding of
defucosylated 9E10J (9E_10Jdef), unmodified 9E10J and KM3060var to DT40 cells,
stably transfected with CCR4 (+) or untransfected, i.e. CCR4-negative (-). Presented
is the binding signal at a concentration of 20 pg/ml. Binding was detected using anti-
human-FITC (fluorescein isothiocyanate) (goat) conjugated-igG.

Figure 20 shows some of the resuits from Example 11. ADCC of CCRF-CEM
cells mediated by anti-CCR4 antibodies, comparing defucosylated 9E10J (9E10Jdef)
to unmodified 9E10J and KM3060var.

Figure 21 shoWs some of the results from Example 14. Binding titration of
IgGs 9E, 9E1D and KM3060var on DT-40 CCR4" cells (a) and on human T-cell
leukaemia cells CCRF-CEM (b). Detection was performed with anti-human-FITC.
MF1, median fluorescence intensity |

Figure 22 shows some of the results from Example 14. Binding titration of
scFv 9E, 9E1D and SE10J on DT-40 CCR4’ cells. The scFvs were cross-linked via
myc-tag in order to simulate a dimeric IgG-alike situation. Detection was performéd
with anti-human-PE. MFI, median fluorescence intensity :

Figure 23 shows some of the results from Example 14. Binding titration of
IgGs 9E, 9E10J and KM3060var on human T-cell leukaemia cells CCRF-CEM.
Detection was performed with anti-human’—PE. MFI, median fluorescence intensity

Figure 24 shows some of the results from Example 9. Competition titration of
- fixed amounts of biotinylated MDC (ca. 10 nM'in a, b and ca. 20 nM in ¢, d) in
presence of increasing concentrations of either unlabelled ahtibody (scFv or IgG
9E10J) or CCR4 ligand (MDC) on DT-40-CCR4* (a) or CCRF-CEM cells (b-d).
Detection of bound biotinylated MDC was performed by Strep-PE. MFI, median

fluorescence intensity.

Figure 25 shows some of the results from Example 9. Competition titration of
fixed amounts of biotinylated TARC (ca. 20 AnM) in presence of increasing
concentrations of either unlabelied antibody (IgG 9E10J) or CCR4 ligands, MDC or
TARC on DT-40-CCR4" (a,b) or CCRF-CEM cellsA(c,d). Detection of bound
biotinylated TARC }was.performed using Strep-PE. In (b) and (d), incubation of
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proteins with cells was performed in presence of 1% BSA. MFI, median fluorescence

intensity

Figu‘re 26 shows some of the results from Example 9. Competition titration of
fixed amounts of biotinylgted MDC (a) and TARC (b) in presence of increasing
amounts of unlabelied antibodies 9E, 9E10J or unlabelled ligands.

Figure 27 shows the nucleotide and amino acid sequence of inter alia the
heavy and light chain of clone 9E10J. ScFv was cloned via Ncol/Notl site into
pHOG21. The restriction sites used for initial clonihg (chl Hindlll, Miul and Notl) are
italicized and underlmed The linker sequence between VH and VLis in |taI|c The c-
myc epitope and 6 His are underlined and double underlined, respectlvely

Figure 28 shows the nucleotide and amino acid sequence of inter alia the
heavy and light chain of ciene 9E1D. ScFv was cloned via Ncol/Notl site into
pHOG21. The restriction sites used for initial cloning (Ncol, Hindlll, Miul and Notl) are
italicized and underlined. The linker sequence between VH and VL is in italic. The c-
myc epitope and 6 His are underlined and double underlined, réspectively.

Figure 29 shows some resuits of Example 13. Inhibition of ligand (TARC; 3.5.
nM) induced cell migration by anti-CCR4 antibodies and controls. Human T-cell
leukaemia CCRF-CEM celis were induced to migrate in Multiscreen-MIC chambers,
where the ligand TARC was placed in the lower chamber and the cells were co-
iﬁcubated with antibodies or medium only as a control in the upper chambers.
Migrated cells to the lower c'hamber-were detected and counted. Me_an and SD

. values of triplicates are plotted. (a) Inhibition of TARC-induced migration of 9E10J in
comparison to 9E and anti-GFP. (b) Inhibition of TARC-induced migration of 9E10J in
comparison to 1G1 and KM3060var.

Figure 30 shows some results from Example 16. Staining of peripheric blood
lymphocytes (PBL). Lymphoctyes were gated out of the total cell population. T-cells
were gated upon incubation with anti-CD3-APC-lgGs (human) and anti-CD8-PE-Cy5-
IgGs (human). Biotinylated 9E10J and biotinylated comparator KM3060var were
titrated from 20 pg/ml down to 0.3 ng/mli and detected with PE-conjugated
Streptavidin.were used PBLs were a.) Gating of lymphocyte population. b.) Gating of
CD3-positive cells and sub-dividing into CD8-positive (CD4-negative) and CD8-
negative (CD4-positive) cells. ¢.) Titration curves of 9E10J and KM3060var on gated
CD8-negative (CD4-positve) cells, expressed in % of positive events. |

The following non-limiting examples are illustrative of the present invention:
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EXAMPLES
Example 1: Novel Antibodies

Four human antibodies have been identified which can specifically bind to
CCRA4. Single chain forms of the antibodies wére cloned in the pHOG21plasmid-
which contains a c-myc and 6xHis tag epitopes. TG1 bacteria were transformed,
and the scFv was expressed upon IPTG induction. The binding of the purified scFv ‘
was confirmed by EasyCyte. '

The nucleotide sequences of the heavy and light chain of the antibody
producing clones were sequenced. The antibodies are designated as 17G, 9E, 11F,
10, 9E10J and SE1D. The nucleotide sequence and amino acid sequence of the light
and heavy chain of 17G are shown in Figure 1. The CDR regions of the lightand
heavy chains of 17G are shown in Table 1. The nucleotide sequence and amino acid
sequence of the light and heavy chain of 9E aré shown in Figure 2. The CDR regions
of the light and heavy chains of 9E are shown in Table 2. The nucleotide sequence
and amino acid sequence of the light and heavy chain of 10 are shown in Figure 3.
The CDR regions of the light and heavy chains of 10 are shown in Table 3. The
nucleotide sequence and amino acid sequence of the light and heavy chain of 11F
are shown in Figure 4. The CDR regions of the light and heavy chains of 11F are
shown in Table 4. -

Two further antibodies have been identified which can specifically bind to
CCR4. Single chain forms of the‘antibodies were prepared as described above. The
nucleotide sequence and amino acid sequence of the light and heavy chain of 9E10J
are shown in Figure 27. The CDR regions of the light and heavy chains of 9E10J are
shown in Table 11. The nucleotide sequence and amino acid sequence of the light
and heavy chain of 9E1D are shown in Figure 28. The CDR regions of the light and
heavy chains of 9E1D are shown in Table 12.

The 1gG form of antibodies 17G, 9E, 10, 11F, 9E10J and 9E1D has also
been made. IgGs were prepared using standard protocols. Briefly, the genes
encoding the corresponding variable domains were;cloned into the mammalian
expression vector pLNO comprising the genes for i\wman constant domains
(Norderhaug et al, 1997). The antibodies were expressed in a cell factory, and the
first harvest was purified on a protein A column and fractionated into monomer by
size exclusion chromatography. The IgGs retained their ability to specifically bind to
CCRaA. , . '

The IgG form is of the IgG1 isotype and it comprises two heavy chains and .
two light chains. Each heavy chain comprises a VH domain of SEQ ID NO: 69 (for
17G), SEQ ID NO: 71 (for 9E or 9E1D), SEQ ID NO:73 (for 10), SEQ ID NO:75 (for
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11F), or SEQ ID NO: 105 (for 9E10J), and a human IgG1 constant region. Each light
chain comprises a VL domain of SEQ ID NO: 70 (for 17G), SEQ ID NO: 72 (for 9E or
9E10J), SEQ ID NO: 74 (for 10) SEQ ID NO: 76 (for 11F), or SEQ ID NO: 115 (for
9E1D), and a human Iémbda light constant region, except for the IgG form of 11F,
which has a human kappa light_chain. The full IgG sequences of 17G, 9E, 10,11F,
9E10J and-9E1D are shown in Tables 5, 6, 7, 8, 13 and 14 respectively.

| A further antibody, 9E1Dyv, has been identified. This antibody has a point
mutation at position 88 in FR3 (numbering according to Kabat et al., Sequences of
proteins of immunological interest; Fifth edition, 1991), where SE1Dv has an Alanine
(A) instead of the Valine (V) found in 9E1D. The properties of 9E1Dv, insofar as they

. have been tested, appear to correspond to those of antibody 9E1D.

Example 2: Binding of anti-CCR4 antibodies to target expressing cells

To demonstrate the CCR4-s.pecificity of the antibodies disclosed in Example 1
and to estimate their binding affinities, in-house CCR4 transfected and untransfected
HEK293T-ceII§, DT40-cells ar,xd the natural CCR4" CCRF-CEM cell line were used in
flow cytometry for staining with IgGs 17G and 9E as well as with scFvs 10 and 11F.
As a positive control, in-house cloned and expressed KM3060var IgG which is
sspecific for an epitope present in positions 2-29 in N-terminal part of human CCR4
(EP1270595) was used. An anti-GFP antibody (raised against the green fluorescent
protein) or the anti-VZV antibody'(raised against Varicella zoster virus) were used as
negative controls (anti-GFP both as scFv and IgG, while anti-VZV only as scFv).

CCRF-CEM (acute lymphoblastic leukemia, ATCC number CCL-119),
HE'K293T/1\7 (human kidney, ATCC number CRL-11268), and DT40 (chicken
lymphoma, ATCC number CRL-2111) cell lines were obtained from the American
Type Culture Collection (ATCC, Rockville, MD). The CCRF-CEM anq DT40 cells
were maintained in RPMI-1640 culture medium and the HEK293T cells were _
maintained in Dulbecco’s Modified Eagle Medium (DMEM) culture medium. All cells
were maintained with fetal calf serum, the concentration was 10% for DT40 and
HEK293T cells and 20% for CCRF-CEM cells. All -media were supplemented with
Penicillin and Streptomycin. ‘ '

For the flow cytometry experiments, the cells were harvested from the culture
flasks, washed 2 times with PBS, re-suspendéd in PBS with 0.2% BSA and 0.09%
NaN; and finally aliquoted 1x10° cells per Well into V-shaped 96-well plates (Greiner
Bio-One, Frickenhausen, Germany). Cells were centrifuged at 400 x g for 5 min and

then incubated at 4°C for 45 min with different antibody dilutions.
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For staining with scFvs, the scFv preparations were pre-incubated with a
chimeric (mouse variable / human constant domains) anti-c-myc antibody prior
adding to the cells.

After washing with PBS with 0.2% BSA and 0.09% NaN3, the cells were
stained with 10 pg/ml of RPE-conjugated goat anti-human IgG (AbDSerotec,
Disseldorf, Germany) fO( 30 minutes at 4°C. The stained cells were washed, re-
suspended in 200 ul PBS with 0.2 % BSA and 0.09% NaN; and transferred to a U-
shaped 96-well plate (Corning, Schiphol-Rijk, The Netherlands) for acquisition on
EasyCyte flow cytometer (Guava Teéhnologies, Hayward, CA, USA).

The results obtained clearly indicate that the antibodies 17G, 9E, 10 and 11F
are specific for CCR4. Binding of antibodies 17G and 9E to CCR4-positive DT40
cells compared to CCR4-negative DT40 cells is illustrated in Figure 5. Binding of
17G and 9E to CCR4-expressing CCRF—CEM cells is illustrated in Figure 6.
Selective binding of 17G and 9E to CCR+ HEK293T cells compared to CCR-
HEK293T cells was also found.

The affirﬁty values (Kp) deduced from these IgG titration experiments were
estimated to be in low nanomolar range (see Table 9).

The specifigity of antibody 10 scFv for CCR4 is illustrated in Figure 7 and the
specificity of antibody 11F scFv for CCR4 is illustrated in Figure 8.

The binding specificity of 9E10J and 9E1D was also'testedk against
untransfected and CCR4-transfected DT40 cells under conditions corresponding
essentially to those described above. For this experiment, 9E10J and 9E1D were
expressed as scFvs having a c-myc tag at the 3" end, which was used to create
dimers to mimic the IgG format. The antibodies were pre-incubated with an anti-c-
myc antibody prior to adding to cells. Staining was carried out essentially as
describe above. The results show that 9E10J and 9E1D bind selectively to CCR4-

positive cells (Figure 13).

Example 3: Antl-CCR4 antibodies interference with ligand binding

To determine whether the anti-CCR4 antibodies interfere with the blndlng of
CCRA4 ligands to the receptor, MDC (obtained from PeproTech EC Ltd., London, UK)
was pre-incubated with CCR4-transfected DT40-cells prior to staining with the scFvs.
As a negative control, the KM3060var scFv (see Table 10 for sequence) was used
which is spécific for the N-terminal part of human CCR4. It was shown previously
. that the antibody KM3060 does not interfere with ligand binding to the receptor (T
Ishida et al (2006) Specific Recruitment of CC Chemokine Receptor 4—Positive

| Regulatory T Cells in Hodgkin Lymphoma Fosters Immune Privilege, Cancer Res 66:
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(11): 5716-5722.). KM3060var corrésponds to KM3060, but it has been expressed in
a different host cell, which may have led to differences in the sugar chains attached.
to this antibody. , ‘

The CCR4+ DT40-cells were harvested from culture flasks, washed 2 times
with RPMI-1640 culture medium and aliquoted ‘1 x105 cells per well into V-shaped
'96-well plates (Greiner Bio-One, Frickenhausen, Germany). Cells were centrifuged at
500 x g for 5 minutes and then incubated for 30 minutes at 37°C with 0, 1 or 10 ng/ml
of MDC (PeproTech EC, London, UK) in RPMI-1640 culture medium. The
supernatants were aSpirated after a cenfrifugation .step at 500 x g for 5 minutes and
cells were incubated for 1 hour at 4°C with 0.5 pg/ml of scFv and 2.5 ug/ml of an in-
house produced anti-cMyc with human Fc. After washing three times with PBS
containing 0.2 % BSA and 0.09% NaN3, the cells were stained with 2.5 pg/ml of
RPE-conjugated goat anti-human IgG (AbDSerotec, Dusseldorf, Germany) for 1 hour
at 4°C. Cells were washed, re-sﬁspended in 200 pl PBS with 0.2% BSA and 0.09%
NaN3 and transferred to a U-shaped 96-well plate (Corning, Schiphol-Rijk, The
Netherlands) for flow cytometry using an EasyCyte deviée (Guava Technologies,
Hayward, CA, USA). The results showed a clear decrease in staining signals, apart
f'[om staining with KM3060var antibody, after pre—ihcubation of CCRA4 transfected
DTA40 cells with 10 ng/ml of MDC (Figure 9). This indicates that the antibodies 17G,
9E, 10 and 11F in,térfere with the ligand binding and thus have a CCR4-blocking
activity. '

A similar experiment showed that all four antibodies 17G, 9E, 10 and 11F
also interfere with the biriding of TARC to CCR4. The results are shown in Figure 14.

Example 4: Competition between anti-CCR4 antibodies

To analyze the epitope binding of .anti-CCR4 antibodies 17G, 9E and
KM3060var, competition experiments were performed using flow cytometry. The
binding of biotinylated anﬁbodies to CCR4 transfected DT40-cells was challenged in
the presence of different concentrations of non-biotinylated anti-CCR4 antibodies.
The CCR4* DT40 cells were harvested from culture flésks, washed 2 times with PBS,
-re-suspended in PBS with 0.2% BSA and ‘0.09% NaNs; and finally aliquoted 1x10°
cells per well into V-shaped 96-well plates (Greinef Bio-One, Frickenhausen,
Germany). Cells were centrifuged at‘ 400 x g for 5 min and then inbubated at 4°C for
3-4 hours with' fixed amounts of biotinylated IgG and different concentrations of non-
biotinylated antibodies. After washing with PBS with 0.2 % BSA and 0.09% NaNs, the
cells were stained with 2.5 pg/m! of Streptavidin - RPE (BD Pharmingen, San Diego,
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CA, USA) for 30 minutes at 4°C. The stained cells were washed, re-suspended in

250 pl PBS with 0.2 % BSA and 0.09% NaN,; and transferred toa U-shaped 96-well
plate (Corning, Schiphol-Rijk, The Netherlands) for acquisition on EasyCyte flow
cytometer (Guava Technologies, Hayward, CA, USA). The results shown in Fing're

10 A, B and C illustrate that the' 17G and 9E antibodies have epitopes that are
identical or at least overlapping. There was no competition between KM3060var
antibody binding to the cells and the other two antibodies indicating that 17G and 9E
"do not bind to the same epitope as KM3060var. _

Further competition experiments were carried out to assess whether or not
the test antibodies recognise the same or overlapping epitopes, and to determine -
their relative afﬁr\ities for CCR4. Antibodies 9E10J, 9E and KM3060var were tested
using labelled 9E as a competitor. '

DT40 and CCRF-CEM cells were cultivated as described in Example 2. The
cells Were harvested from culture flasks, washed 2 times with PBS (400 x g, 5 min,
4°C) and resuspended in PBS containing 0.2 % BSA and 0.09 % NaN3. 1 x 105 cells
per well were aliquoted into V-shaped 96-well plates (Griner Bio-One, Frikenhausen,
Germany). Cells were centrifuged (400 x g, 5 min, 4°C) and resuspended in 50 pl
IgG 9E10J or KM3060var (dilution series starting at 5 pg/ml) mixed with biotinylated
competitor antibody 9E (0.1 or 0.5 pyg/mi). The cells were incubated for 2 heurs at
4°C, mixing with a pipette every 45 min. The cells were washed three times with 150
pl PBS with 0.2 % BSA and 0.09 % NaN3 and stained with 3 pg/ml streptavidin PE
(BD Biosciences) for 45 minutes at 4 °C. Cells were washed, resuspe'nded in 200 pl
PBS with 0.2 % BSA and 0.09 % NaN3, and transferred to a U-shaped 96 well -
Costar (Corning, Schiphol-Rijik, The Netherlands) plate for flow cytometry using an
FACS Canto I flow cytometer (BD Biosciences, Heidelberg, Germany).

~ The results shown in Fig. 15 demor\strate that both 9E and 9E10J effectively
inhibited cell birrding of biotinylated IgG 9E in a dose-dependent manner. In contrast,
nearly no decrease of binding signals was observed when KM3060var was titrated
with biotinylated 9E, thus confirming that epitepes recognized by these antibodies do
not overlap.

To determine IC50 values (antibody concentrations leading to 50% inhibition
of biotinylated 1gG binding), fhe experimental data were fitted by non-linear
regression curve fit using a model “log (inhibitor) vs. response” of software Prism
(GraphPad). Apparent binding affinities (Kp) were calculated according to the
- following equation derived from previously described methods (Kipriyanov et al,
1997b: Schodin & Kranz, 1993):
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where | is the unlabelled inhibitor (IgG), [bio-lgG®F] is fixed concentration of
' biotinylated 1gG 9E,-and Kp® is the binding affinity of IgG 9E derived from saturation
titration experiments (4.95 nM). Results are shown in Table 15.

Example 5: Antagonistic activity

The ability of 9E and 17G to reduce ligand induced calcium flux in the natural
CCR4' CCRF-CEM cell line was assessed. The antibody KM3060var was used as a
negative contfol. The sequence-identical defucosylated clone KM2760 has been
reported to be not inhibiting CCR4 signaling. The CCRF-CEM target cells, cultivated
under regular conditions, were sedimented by centrifugation and resuspended twice
in RPMI-1640 culture medium. One ml with 2.5x10° cells was mixed with Fluo-4-AM
(Invitrogen, Carlsbad, California), Pluronic F-127 (Invitrogen, Carlsbad, California)
and Probenecid to final concentrations of 1 yM, 0.02% and 1 mM respectively. The
cells were incubated at 37 °C for 30 min on a vertical rotating wheel (7 rpm). All
subsequent steps were done in the presence of 1 mM Probenecid. The cells were

~washed twice in RPMI-1640 with‘10% FCS, once in assay buffer (145 mM NaCl, 4
mM KCI, 1 mM NaH,PO,, 0.8 mM MgCl,, 25 mM Hepes, 22 mM glucose) and then
resuspended to a final density of 1.2x1 08 cells/ml. Equal volumes of cells, aésay
buffer with or without antibodies and ligand (MDC or TARC) were mixed. The first two
components (cells and antibodies) were pre‘-incubated for 15 min prior to addition of
the ligand. The final concentrations of the IgGs, TARC and MDC were 10 pg/ml, 10
ng/mi and 2.5 ng/mi, respectively.'The samples were immediately analyzed using the
515-545 nm band pass filter on a FACSCanto |l flow cytometer (BD Biosciences,
Heidelberg, Germany). »

The results shown in Figure 11 clearly demonstrated that both 9E and 17G
act as inhibitors of TARC and MDC. Cells preincubated with 9E,"17G and KM3060var
IgGs at concentration 10 pg/mL showed signal responses to TARC stirhulation of 3%,
-1% and 104% assuming the sig'nal to TARC alone as 100% (Figure 11A).
Accordingly, the cells preincubated with 9E, 17G and KM3060var IgGs showed
signal responses to MDC stimulation of 64%, 42% and 92%, respectively of the
signal.to MDC in the absence of IgGs (Figure 11B). No signal was detected when
either 9E or 17G IgGs were added to the cells instead of TARC or MDC ligands (data
not shown). The 9E or 17G IgGs also did not show any inhibitibn of the CXCR4
specific SDF-1 Iigand (data not shown).
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The experiment was also carried out undér similar conditions using antibody
9E10J in the human IgG1 format, excepf that incubation of the cells with Fluo4-AM
was carried out for 40 min at 37° C Without rotating wheel. Antibody KM3060var was
included as a negative control and antibody 9E was also included (both also in
human IgG1 format). The results shown in Fig. 16 demonstrate dose-dependent
inhibition of TARC-induced signalling by both 9E and 9E10J antibodies.

Detailed analysis of Ca™ flux inhibition was performed using the broad range
of IgG concentrations for 9E10J (Fig. 17). ICsp (ng/ml) values were calculated as
explained in Example 4. Complete signal inhibition was reached at concentrations
100-300 ng/ml (0.7-2.0 nM) with the calculated /Cs, value of 43.3 pM (Table 16).

Example 6: Antibody-dependent cell-mediated cytotoxicity (ADCC)

The ability of 9E and 17G to induce ADCC was assessed on the natural
CCR4*' CCRF-CEM cell line. The CCRF-CEM target cells, cultivated under regular
conditions, were sedimented by centrifugation and resuspended. in RPMI-1640
culture medium. This step was repeated once. One ml with _2.5x106 cells was mixed
with calcein-AM (I'nvitrogen, Carlsbad, California) to a final concentration of 10 uM
and then incubated at 37°C for 30 min on a vertical rotating wheel (7 rpm). The cells
were washed three times in RPMI-1640 with 10% FCS and the cell density was
adjusted to 3x10° /ml. Separately, peripheral blood mononuclear cells (PBMC) were
prepared following conventional procedures (enriched by Ficoll-Hypaque gradient
centrifugation), washed in RPMI-1640 with 10% FCS and resuspended at 6x10° per
milliliter. Fifty ul of each target and effector cells were added to the same wells in a
96-well microtiter plate giving a ratio of effector to target cells (E:T) of 20:1. The
antibodies (all in IgG format) were added to the same wells in é volume of 20 pl
giving a final concentration range of 10 to 10 000 ng/mL, and with each concentration -
in quadruplicate samples. The microtiter'plate was then incubated four hours at 37°C,
and 20 pl 0.9% Triton-X100 was added to some of the wells after 3 hrs and 45
minutes to achieve complete lysis of the target célls. One hundred pl supernatant of
each sample was then transferred to a black microtiter plate and the fluorescence
(excitation: 488 nm, emission: 518 nm) was analyzed in a TECAN M200 plate reader.
The fluorescence intensity in the samples with no antibodies was subtracted from the
intensity of all other samples. The percentage of lysis in samples with antibodies was
estimated based on fluorescence intensity of the samples with 100% cell lysis after
treatment with TritonX-100. The dose—response curves were computed by nonlinear -
regression analysis and a three-parameter fit model using software Prisrh (GraphPad,
_San Diego, CA, USA).
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The results shown in Figures 12A and 12B clearly demonstrated that both 9E
and 17G were able to induce ADCC in the presence of human PBMCs with ECsp
values of 619 ng/ml and 46 ng/ml and maximum killing of 55% and 22% respectively.

The ability of antibody 9E10J to induce ADCC of CCRF—CEM cells was also
tested and compared to antibody 9E and antibody KM3060var under conditions
similar to those described above, except that a rotating wheel was not used. The
results, shown in Figure 18 and Table 17, show that 9E and 9E10J can induce ADCC
and that ADCC-induction by 9E10J is superior to ADCC induction by KM3060var.

Example 7- Preparation of Anti-cMyc hybrid/human 1gG1 antibody

Anti-cMyc hybrid/human 1gG1 antibody: 9E10 H-chain (AJ000488) and light-
“chain 9E10 L-chain (AJ000489) variable DNA sequences were ordered from GeneArt
. and converted into a hybrid Human IgG1/Kappa protein. Cloning of the variable VH

and VL regions by PCR with specific primers on the scFv template, digested and
ligated into heavy- and light-chain vectors, respectively according to the method of
Norderhaug et al, JIM 204:77-87. HEK293/T cells were transiently transfected and
after 5-6 days, the IgG was purified via Protein-A followed by size exclusion to isolate

the monomeric 1gG fraction.

Example 8 Species cross- -reactivity
Antibodies 9E and 9E10J were tested for their ability to cross-react with CCRA4 from

species other than human.

Hek293T/17 were cultured in DMEM (from PAA, cat# E15-810) with 10% FBS
(from PAA cat# A15-252) and 1 X penicillin/streptomycin (from PAA cat#P1 1-010).
They were split 2-3x per week. Hek293T/17 were seeded to 32000 celis/cm2 for 48h
and 27000 cells/cm2 over the week end.

For transient transfection, Hek293T/17 cells were seeded as2x106 cellsina
T75 (NUNC) flask. 48h after seeding, the cells were transfected with Fugene
(ROCHE). 40 pl Fugene and 16 pg DNA are used per T75. The cells were used for
assays 48h after transfection. )

HEK-293T/17 cells, were transiently transfected either with pcDNA3.1
plasmid encoding human CCR4 or with pLNO plasmids (Norderhaug et al, 1997)
" encoding either mouse (GeneBank CAA62372) or monkey (Macaca mulatta) CCR4
(PubMed access number XP_001098807) using Fugene (Roche) as a transfection
reagent. Non-transfected (CCR4 negative) cells served as a negative control. The
cells were cultivated further for 48 hours under regular conditions described above.

The cells were washed twice with PBS, detached from the culture flasks by
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incubating with Accutase (PAA laboratories, Linz, Austria) for 3 minutes at room
temperature. The cells were thenl washed 2 times with PBS (400 x g, 5 min, 4°C) and
resuspended in PBS containing 0.2 % BSA and 0.09 % NaNs. 1 x 10° cells per well
were aliquoted into V-shaped 96-well plates (Griner Bio-One, Frikenhauéen,
Germany). Cells were centrifuged (400 x g, 5 min, 4°C) and resuspended in 50 pl of
10 pg/m! 9E or 9E10J, in PBS containing 0.2 % BSA and 0.09 % NaN3. The cells
were incubated further at 4 °C for 6'0 min. The samples were then washed twice by
pentrifugation and re-suspénsion in 100 pl FACS buffer. The cell pellets were finally
ré-suspended in 50 pl with 3 pg/mi anti-human-IgG-PE (BD Biosciences) and
incubated at 4 °C for 45 min. The samples were washed twice as described above
and re-suspended in 250 ul FACS buffer followed by transfer into a U-shaped 96-well
plate (Corning, Schiphol-Rijk, Netherlands) for flow cytometry on FACSCantoll (BD
Biosciences, San Jose, CA). '

9E and 9E10J both strongly bound to human and monkey CCR4; no binding

to murine CCR4 was detected.

Example 9 Inhibition of ligand binding
Antibodies 9E and 9E10J were tested-for their ability to inhibit binding of MDC

and TARC to CCR4+ cells in a competition experiment using biotinylated ligands.

The experiment is designed to give an indication of the affinity of the antibodies for
CCR4 compared to affinity of the'ligands for CCR4.

~ The competition binding assays were performed with biotinylated MDC or
biotinylated TARC on DT-40-CCR4+ and CCRF-CEM cells. DT40 and CCRF-CEM
cells were cultured as described in Example 2. TARC and MDC were biotinylated
using standard procedures. The biotinylation process causes some losses, SO the
concentrations of biotinylated MDC and TARC recited herein are approximate.

The cells were harvested from culture flasks, washed 2 times with PBS (4(_)0 X

g, 5 min, 4°C) and resuspended in PBS containing 0.2 % BSA and 0.09 % NaN3. 1 x
105 cells per well weré aliquoted into V-shaped 96-well plates (Greiner Bio-One,
Fbrikenhausen, Germany). Cells were centrifuged (400 x g, 5 min, 4°C) and
resuspended in 50 pl IgG, single chain or Ljnlabeled ligand (1:10 dilution series
starting on 100/500/26,4 ug/ml) mixed with a fixed concentration of biotinylated
ligand (10 or 20 nM, see legend to Figure 24). The cells were incubated for 2 hours
at 4°C and mixed with a pipette every 45 min. The cells were washed three times
with 150 pl PBS with 0.2 % BSA and 0.09 % NaN3 and stained with 3 pg/ml

streptavidin PE (BD Biosciences) for 45 minutes at 4 °C; Cells were washed,
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resuspended in 200 pl PBS with 0.2 % BSA and 0.09 % NaN3, and transferred to a
U-shaped 96 well Costar (Corning, Schiphol-Rijik, The NetherlandS) plate for flow
cytometry using an FACS Canto Il flow cytometer (BD Bioscienceg, Heidelberg,
Germany). To determine IC50 values (concentration of inhibitor leading to 50%
decrease of signal), the experimental data were fitted by non-linear regression curve -
fit using a model “log (inhibitor) vs. response” of software Prism (GraphPad).
Apparent binding affinities (KD) were calculated according to the following equation
derived from previously described methods (Kipriyanov et al, 1997b; Schodin &
Kranz, 1993):
KD(1) = IC50/(1+ [bio-MDC})/KD(MDC)),
where | is the unlabelled inhibitor (antibody or ligand), [bio-MDC]J i is fixed
concentration of biotinylated MDC, and KD(MDC) is the binding afflmty of MDC 0.18
nM (Imai et al, 1998).

The results of competition binding experiments shown in Fig. 24 and Table 20
demonstrate that CCR4-binding of high-affinity ligand MDC can effectively be
inhibited in a dose-dependent manner by IgG 9E10J. CCR4—transfected DT-40 cells
express a much higher density of CCR4 than CCRF-CEM cells which have 15-fold
fewer CCR4 receptors on their surface.

1t should be noted that unlabelled MDC was able to completely inhibit binding
of biotinylated MDC to CCRF-CEM cells while antibody 9E10J was not (Fig. 24). This
observation indicates possible binding of MDC to another receptor on CCRF-CEM
cells. Most probably, this ié an atypical scavenger (decoy) GPCR receptor D6 which
is able to bind MDC with high affinity (Graham, 2009; Locati et al, 2005). This also
explains the higher apparent IC50. ' _

Similar binding inhibition experiments were performed using biotinylated
TARC. As expected, TARC, antibody 9E10J and MDC all competed effectively with
labeilled TARC (Fig. 25). To avoid non-specific cell-binding of the labelled ligand, half
of the experiments were performed in the presence of 1% BSA as a blocking agent.
The presence or absence of BSA did not seem to have any significant effect (BSA

present in Figure 25 b and d, absent in Figure 25 a and c).

Example 10 Generation of defucosylated 9E10J

It has been reported that ADCC enhancement can be achieved by
manipulating the state of oligosaccharides on human IgG1 subclass (Niwa R et al,
CanRes, Vol.64, 2004). Modifying the amount of fucose was demonstrated to have a
beneficial effect on enhancement of ADCC. Therefore, antibody 9E10J was produced

in the presence of Kifunensine, a selective inhibitor of class | a-mannosidases,
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cauéing a stop in fucosylation of the IgG during production.in cell culture. For quality
control, the defucosylated 9E10J igG was first tested for binding specificity on DT40
ceIIs,' stably transfected with CCR4 and compared to unmbdified 9E10J and
KM3060var.

IgGs were produced in the presence of Kifunensine (100ng/ml; Sigma). After
harvesting the cell medium, IgGs were isolated first upon affinity purification using a
ProteinA column (HiTrap, 5ml, ProteinA; GE). IgGs were eluted using citrate buffer
(pH 3) and transferred into 1M Tris-buffer (pH 9). Prior a second purification, IgG
samples were up-conbentrated and loaded on to a size exclusion chromatography
(HiLoad Sephadex 200, GE; running buffer PBS pH 7.4). Monomeric fractions were
collected and IgGs were up-concentrated a second time. For binding experiments,
IgGs were serial diluted 2-fold, starting at a concentration from 20 ug/mi down to
0.15625 ug/ml. IgGs were incubated on DT40 cells (1.5*106/mi), stably transfected
with human CCR4. Untransfected DT-40 cells were used as a negative control.
Bound IgGs were detected via anti-human-FITC (goat) conjugated antibodies.

The results presented in the Figure 19 demonstrate that the modification of

the fucosylation pattern has no influence on the CCR4 binding capabilities of 9E10J.

Example 11 Induction of Antibody Dependent Cellular Cytotoxicity (ADCC) of

defucosylated lgG1-variant

~ Defucosylated 9E10J prepared as described in Example- 10 was compared to
unmodified 9E10J and unmodified KM3060var. The IgGs were tested using CCRF-
CEM cells which constitutively e;press CCR4. ADCC induction was assayed as
described in Example 6. ‘

The results shown in Fig. 20 and Table 18 demonstrate that the
defucosyalted variant of candidate 9E10J has increased killing properties of CCR4-
positive CCRF-CEM cells by human PBMCs and possesses much higher cytolytic
activity in comparison to the unmodified version of 9E10J (4 to 5-fold lower EC50)

Example 12 Inhibition of growth and Induction of apoptosis

The ability of antibody 9E to induce apoptosis in Ramos cells (a B-
lymphoblastoid cell line derived from a Burkitt lymphoma). was assayed using
Annexin V staining and FACS analysis. No significant induction of apoptosis was

observed.
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A growth inhibition test was carried out using 9E, 9E10J and KM3060var (all in IgG
format) on CCRF-CEM cells and Ramos cells (a B-lymphoblastoid cell line derived

from a Burkitt ymphoma). No growth inhibition was observed.

Example 13 Inhibition of chemotaxis °

i) The inhibition of chemotaxis by antibbodies 9E and 9E10J was assayed by
contacting CCR4+cells capable of chemotaxis with antibody 9E or 9E10J in one
chamber, and a Iigand' of CCR4 (MDC or TARC) was placed in another chamber
separated from the first chamber by a membrane or filter having a suitable pore size.
The effect of the antibody on cell migration towards the ligand (chemotaxis) was
. determined by comparing chemotaxis in‘the presence of the antibody to chemotaxis
in the absence of the antibody. Both 9E and 9E10J were found to inhibit chemotaxis
of CCR4-positive cells towards MDC and TARC. |

i) The ability of 9E10J to reduce ligand induced migration of the natural
CCR4+ CCRF-CEM cells was assessed and compared with 9E, KM3060var and
1G1 antibodies. All antibodies were tested in IgG1 format.

CCRF-CEM target cells, cuitivated as described in example 2, were
sedimented by centrifugation and re-suspended twice in RPMI-1640 culture medium
without FCS. In a third centrifugatien step, cells were re-suspended in RPMI-1640
culture medium supplemented with 1% FCS and adjusted to a final density of
1.6%107 celis/ml. In parallel, 150 pl of RPMI supplemented with 1% FCS containing
TARC at 3.5 nM was added into each of the lower chémber of a Multiscreen-MIC
plate 96 well (8 pm pores, Millipore, Billerica, MA, USA, MAMIC5S10). 50 ul of the
cells with IgGs (serial diluted from 167 nM down to 0.3 nM) were added to the upper
compartment of the Multiscreen-MIC 96 chamber plate and incubated at 37 °C for 3
hr. The filter was removed and 100 pl of cells (from the lower chamber) were
transferred after re-suspending into a 96-'well COASTAR plate (Greiner Bio-One,
Frikehhausen, Germany); an additional volume of 100 pl of PBS (supplemented with
0.2% BSA and 0.09% NaN3) was added to the samples. Migration was evaluated by
counting of gated cells.

The data presented in Figure 29 demonstrate inhibition of TARC induced
chemotaxis of CCRF-CEM cells by 9E and 9E10J. No significant inhibition of
chemotaxis was observed for a antibodies KM3060var and 1G1 or for the control IgG

(anti-GFP).
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Example 14 _Binding specificity and affinity for CCR4

The quality of the specific binding to DT40+ cells was tested for 9E1D and
9E10J in scFv or IgG format in a titration experiment.

DT 40 and CCRF-CEM cells were cultured as described in Exémple 2. The
DT40 CCR4+ and DT40 (CCR4-) cells weré harvested from culture flasks, washed 2
times with PBS (400 x g, 5 rhin, 4°C) and resuspended in PBS containing 0.2 % BSA
, and 0.09 % NaNs. 1 x 10°cells per well were aliquoted into V-shaped 96-well plates
(Greiner Bio-One, Frikenhausen, Germany). The cells were centrifuged (400 x g, 5
min, 4°C) and resuspended in 50 pl ScFvs (5 pg/ml) in PBS containing 0.2 % BSA
and 0.09 % NaNs;, and an in-house produced antiécMyc antibody with a human Fc
(25 pg/ml). After 1 hour incubation (4°C), the cells were washed three times with 150
pl PBS with 0.2 % BSA and 0.09 % NaNs; and stained with 2.5 ug/ml RPE conjugated
goat anti-human lgG (AbDSerotec, Dusseldorf, Germany) for 45 minutes at 4 °C.
Cells were washed, resuspended in 200 yl PBS with 0.2 % BSA and 0.09 % NaN3,
and transferred to a U-shaped 96 well Costar (Corning, Schiphol-Rijik, The
Netherlands) plate for flow cytometry using an Easy Cyte device (Guava
Technologies, Hayward, CA, USA).

Alternatively, 9E1D and 9E10J were converted into the full-length human
IgG1 and tested for cell binding. The DT40+CCR4 and DT40 cells were harvested
from culture flasks, washed 2 times with PBS (400 X g, 5 min, 4°C) and resuspended
in PBS containing 0.2 % BSA and 0.09 % NaN;. 1 x 10° cells per well were aliquoted
into V-shaped 96-well plates (Greiner Bio-One, Frikenhausen, Germany). Cells were
centrifuged (400 x g, 5 min, 4°C) and resuspended in a _1:5 dilution series of IgG
starting on 10 pg/ml (50 pl/well). After 1 hour incubation at 4°C, the cells were
washed three times with 150 ul PBS with 0.2 % BSA and 0.09 % NaN; and stained
with 2.5 pg/iml RPE conjugated goat anti-human .IgG (AbDSerotec, Disseldorf,
Germany) or 2.5 pg/mIA anti human IgG Fc (goat polyclonal aff. puf) FITC (Sigma
Aldrich) for 45 minutes at 4 °C. Cells were washed, resuspended in 200 pl PBS with
0.2 % BSA and 0.09 % NaNs, and transferred to a U-shaped 96 weil Costar (Corning,
Schiphol-Rijik, The Nethervlands) plate for flow cytometry using an Easy Cyte device
(Guava Technologies, Hayward, CA, USA) or FACS Canto Il flow cytometer (BD

Biosciences, Heidelberg, Germany).

( The appérent affinity values (Kp) were deduced from non-linear fit of the

experimental data curves using “One site - Specific binding” model of software Prism
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(GraphPad, San Diego, CA). KM3060var was included as positive control, as it is -
known to bind to CCR4. Results are shown in Figures 21, 22 and 23 and in Table 19.

Example 15 _Aggregation measurements on platelets
CCR4 is known to be expressed on platelets, and its ligands MDC and TARC

are known to induce platelet aggregation. This could potentially be problematic, as

IgG molecules have two ligand binding sites, so there is a possibility that an IgG
capable of recognizing CCR4 may be able to cross link platelets if both arfns are able -
to bind to CCR4 on different platelets. This might result in blot clotting in vivo.
Therefore, the effect of 9E 10J-IgG on platelet aggregation was examined. 9E10J-
IgG was incubated with isolated platelets alone or in combination with the ligands
MDC or TARC. ADP, a well-described inducer of aggregation (Varon and Spectre
“Antiplatelet agents” Hematology Am Soc Hematol Educ Program. 267-72, 2009),
was included as positive control during eéch measurement.

A total of 30 ml of fresh donor blood was collected into sodium citrate
containing tubes. Platelet rich plasma was obtained by centrifuging at room
temperature (RT) for 15 min at 185 g. The platelet containing plasma was transferred
into a fresh tube. To define the baseline, platelet depleted plasma was prepared by
centrifugétion of 1 ml of the platelet rich plasma for 5 min at 1200g at RT, the
supernatant transferred into a new tube and treated in the following the same way as
the platelet rich sample. Aggregation measurements ére performed at 37°C under
stirring using a Packs-4 aggregometer (Helena Biosciences, USA). IgGs (9E10J and
anti-GFP as negative control) were incubated with platelets at a concentration of 10
pg/ml in FACS buffer (PBS, pH 7.4, 0.2 %BSA, 0.09% NaNs). ADP served as a
positive control for aggregation and was used at a final concentration of 3 pM.
Ligands (MDC and TARC) were tested 0.25 pg/ml.

The signal obtained with ADP was set as 100%, the baseline 0 was deflned by the
platelet depleted serum, which was measured in parallel in all experimental settings

To check that the tested’igGs bind to the isolated platelets, FACS staining of
platelets was performed in parallel. Platelets were transferred into V-shaped 96 well
plates (Greiner Bio-One, Frikenhausen, Germany) and washed once by adding 100
yl of FACS-buffer (1xPBS, pH 7.4, supplemented with 0.02% BSA and 0.09% NaNs).
Platelets were then incubated for 1h at 4°C in presence of 9E10J-IgG (at 10 pg/mi)
and washed afterwards twice in presence of 100 pl of FACS-buffer (1xPBS, pH 7.4,
supplemented with 0.02% BSA and 0.09% NaN3). Bound 1gG Was detected using
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anti-human-PE (1:400 dilutions) after incubation on the IgG-stained cells for 1h at -
4°C. Stained platelets were analyzed in FACS measurements.

Binding of 9E10J-1gG to platelets was observed (data not shown). The
results are of the aggregation measurements are sUmmarized in Table 24. ltis
concluded that altheugh 9E10J-1gG binds to platelets, it has no effect on platelet
aggregation: it does not induce aggregation by itself, nor does it inhibit Iigand—

induced platelet aggregation.

. Example 16 Binding of IgG 9E10J to peripheral blood lymphocytes (PBL)
As CCR4 is known to be expressed on lymphocytes (e.g. Th2-cells and Treg-

cells) titration curves of 9E10J and KM3060var on isolated PBLs from buffy coats
were performed.

The antibodies 9E10J and KM3060var were biotinylated following the manual
of the EZ-link Maleimide-PEO Solid Phase Biotinylation Kit (Pierce, Thermo Fisher,
P.O. Box 117 Rockford, IL. 61105 U.S.A). The biotinylation did not significantly affect
the antibodies’ ability to recognize their targets, as judged by assessing t'he binding
of the biotinylated and non-biotinylated antibodies to CCRF-CEM cells following the
protocols given in example 2 (data not shown).

Human PBLs were prepared from fresh donor blood by Ficoll<(Hypaque)
gradient cehtrifugation, washed in RPMI-1640/10% FCS. Leucosep tubes (50 ml;
Greiner Bio-One, Frikenhausen, Germany) were filled with 15 ml of lymphoprep
(Fresenius Kabi Norge, Oslo, Norway) and centrifuged for 30 sec at 1000g at room
temperature. '

The buffy coat was diluted with 280 m|_ of 1x Dulbeccos PBS _(pH 7.4) and 35
m! of the diluted blood were transferred into each Leucosep tube (50 ml; Greiner;

'Bio-One, Frikenhausen). Upon centrifugation for 10 min at room temperature at 1000
g (no break, no acceleration), the target cells were transferred into 50 ml tubes (50 ml
Falcon, Greiner Bio-One, Frikenhausen, Germany), in a total volume of 50 ml of
RPMI-medium. PBLs were pelleted for 15 min at 200g at room temperature,
resuspended in 50 m! of RPMI-medium and filtered through a 70 um cell strainer
before counting cells. PBLs were diluted to a final. cell number of 1.5 x 106 cells/ml in
1x PBS (pH 7.4), supplemented with 0.2% BSA and 0.09% NaN3.

Biotinylated IgGs 9E10J and KM3060var were diluted from 20 ug/ml down to
0.3 ng/mi in 1x PBS Dulbeccos (pH 7.4), supplemented with 0.2% BSA and 0.09%
NaN3 and incubated for 2h on a total of 1.5 x 105 PBLs. Unbound IgG was removed
after washing cells twice with 150 pl of PBS (pH 7.4), supplemented with 0.2% BSA
and 0.09% NaN3. Detection of bound IgG was after incubation with PE-labeled
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streptavidin (BD-Biosciences Norge; dilution of 1:100 in PBS (pH 7.4), supplemented
with 0.2% BSA and 0.09% NaN3).

Cells were double stained with an anti-CD3-APC-conjugated antibody and
with an anti-CD8-PE-Cy5-conjugated antibody (BD-Biosciences Norge; dilution of
1:10 for both in PBS (pH 7.4), supplemented with 0.2% BSA and 0.09% NaN3).

To compensate signal overlapping of the fluorochromes, an anti-CD4-PE-conjugated
IgG (BD-Biosciences Norge) was added in a separate well. Samples were analyzed
on a FACS-cantoll (BD-Biosciences Norge).

To assess binding to PBLs of 9E10J and KM3060var 1gGs, lymphocytes were
first gated out of the total eventé. Next, CD3-positive cells were gated form
lymphocyte population. The CD3-positive population was next divided into CD8-
positive (= CD4-negative) and CD8-negative (= CD4-positive) cells, which include the
Treg fraction. The signal ihtensity in the PE-channel indicates the binding of the
9E10J and KM3060var IgGs to CD8-negative (=CD4-positive) cells. Binding was
expressed in % (positive events) after comparison to the negative control (= PE-
conjugated streptavidin).

As presented in Figure 30, 9E10J bindé to gated CD4-positive cells
(determined by CD8-negative staining). Binding is still detectable at a concentration
as low as 32 ng/ml (corresponding to ~ 210 pM of IgG). At this concentration, no
binding signal for comparator KM3060var was detectable. In this sense, 9E10J could

be useful in immunotherapy for the depletion of Treg-cells.
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Table 1
SEQ scFv 17G
ID
NO:
25 Heavy QOVQLVESGGGLVQPGGSLRLSCAASGFTFS
chain
FR1:
1 CDR 1: SYAMS
26 FR 2 WVRQAPGKGLEWVS
2 CDR 2: ATISGSGGSTYYADSVKG
27 FR 3: RFTISRDNSKNTLYLOMNSLRAEDTAVYYCAN
3 | CDR 3: IRYSAGY
28 FR 4: WGQGTLVTVSS
29 Linker: | KLSGSASAPKLEEGEFSEARV
30 Light SYVLTQPPSASGTPGQRVTISC
chain '
FR1:
4 CDR 1: SGSSSNIGSNYVY
31 FR 2 WYQQLPGTAPKLLIY
5 CDR 2: RNNQRPS
32 FR 3: GCVPDRFSGSKSGTSASLATSGLRSEDEADYYC
6 CDR 3: AAWDDRLSGWV
33 FR 4: FGGGTKLTVL
34 scFv caggtgcagctggtggagtctgggggaggcttggtaCagcct
17G ggggggtécctgagactctcctgtgcagcctctggattcacc
n.a. tttagcagctatgccatgagctgggtccgccaggctccaggg
aaggggctggagtgggtctcagctattagtggtagtggtggt
agCacatactacgcagactccgtgaagggccggttcaccatc
tccagagacaattccaagaacacgctgtatctgcaaatgaac
agcctgagagccgaggacacggccgtatattactgtgcgaat
-attaggtatagtgcaggctactggggccagggaaccctggtc
accgtctcctcaaagctttcagggagtgcatccgeccccaaaa
cttgaagaaggtgaattttcagaagcacgcgtatcctatgtg
_ctgacacagccaccctcagcgtctgggacccccgggcagagyg
gtcaccatctcttgttctggaagcégctccaacatcggaagt
aattatgtatactggtaccagcagctcccaggaacggccccc
aaactcctcatctataggaataatcagcggccctcaggggtc
cctgaccgattctctggctccaagtctggcacctcagcctcc
ctggccatcagtgggctccggtccgaggatgaggctgattat
tactgtgcagcatgggatgaccgcctgagtggttgggtgttc
ggcggagggaccaagctgaccgtccta
35 scFv QVQLVESGGGLVQPGGSLRLSCAASGFTFSSYAMSWVRQAPG
17G KGLEWVSAISGSGGSTYYADSVKGRFTISRDNSKNTLYLQMN
a.a. SLRAEDTAVYYCANIRYSAGYWGQGTLVTVSSKLSGSASAPK
LEECEFSEARVSYVLTQPPSASGTPGQRVTISCSGSSSNIGS
NYVYWYQQLPGTAPKLLIYRNNQRPSGVPDRFSGSKSGTSAS
LAISGLRSEDEADYYCAAWDDRLSGWVFGGGTKLTVL
69 Vi (aa) QVQLVESGGGLVQPGGSLRLSCAASGFTFSSYAMSWVRQAPG
KGLEWVSAISGSGGSTYYADSVKGRFTISRDNSKNTLYLQMN
SLRAEDTAVYYCANIRYSAGYWGQGTLVTVSS
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70 Vi (aa) | SYVLTQPPSASGTPGQRVTISCSGSSSNIGSNYVYWYQQLPG
' " | TAPKLLIYRNNQRPSGVPDRFSGSKSGTSASLAISGLRSEDE
ADYYCAAWDDRLSGWVFGGGTKLTVL

77 VH CAGGTGCAGCTGGTGGAGTCTGGGGGAGGCTTGGTACAGCCT
domain GGGGGGTCCCTGAGACTCTCCTGTGCAGCCTCTGGATTCACC
(nt) TTTAGCAGCTATGCCATGAGCTGGGTCCGCCAGGCTCCAGGG

AAGGGGCTGGAGTGGGTCTCAGCTATTAGTGGTAGTGGTGGT
AGCACATACTACGCAGACTCCGTGAAGGGCCGGTTCACCATC
TCCAGAGACAATTCCAAGAACACGCTGTATCTGCAAATGAAC
AGCCTGAGAGCCGAGGACACGGCCGTATATTACTGTGCGAAT
ATTAGGTATAGTGCAGGCTACTGGGGCCAGGGAACCCTGGTC

ACCGTCTCCTCA
78 | VL TCCTATGTGCTGACACAGCCACCCTCAGCGTCTGGGACCCCC
domain GGGCAGAGGGTCACCATCTCTTGTTCTGGAAGCAGCTCCAAC
(nt) ATCGGAAGTAATTATGTATACTGGTACCAGCAGCTCCCAGGA

ACGGCCCCCAAACTCCTCATCTATAGGAATAATCAGCGGCCC
TCAGGGGTCCCTGACCGATTCTCTGGCTCCAAGTCTGGCACC
TCAGCCTCCCTGGCCATCAGTGGGCTCCGGTCCGAGGATGAG
GCTGATTATTACTGTGCAGCATGGGATGACCGCCTGAGTGGT
TGGGTGTTCGGCGGAGGGACCAAGCTGACCGTCCTA

Table 2
SEQ scFv 9E
ID
NO:
36 Heavy QVQLVQSGAEVKKPGSSVKVSCKASGGTFS
chain
FR1: :
7 CDR 1: NYAIS
37 FR 2 WVRQAPGQGLEWMG
8 CDR 2: GIIPIFGTANYAQKFQG
38 FR 3: RVTITADESTSTAYMELSSLRSEDTAVYYCAR
9 CDR 3: RGGSYFDY
39 FR 4: WGQGTLVTVSS
40 Linker: | KLSGSASAPKLEEGEFSEARV
41 Light SYVLTQPPSASGTPGQSVTISC
chain
FR1:
10 CDR 1: SGSTSNIGSHYVF
42 FR 2 WYQQLPGTAPRLLIY
11 CDR 2: RNHQRPS .
43 FR 3: GVPDRLSGSKSGTSASLAISGLRSEDEADYYC
12 CDR 3: AVWDDTLSGWV
44 FR 4: FGGGTKLTVL
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Table 2 cont.

45 scFv 9E | caggtccagcttgtacagtctggggctgaggtgaagaagect
n.a. gggtcctcggtgaaggtctcctgcaaggcttctggaggcacc
ttcagcaactatgctatcagctgggtgcgacaggcccctgga
caagggcttgagtggatgggagggatcatccctatctttggt
acagcaaactacgcacagaagttccagggcagagtcacgatt
accgcggacgaatccacgagcacagcctacatggagctgagce
agcctgagatctgaggacacggccgtgtattactgtgcgaga
cgcggtgggagctactttgactactggggccagggaaccctyg
gtcaccgtctcttcaaagctttcagggagtgcatccgeccca
aaacttgaagaaggtgaattttcagaagcacgcgtatcctat
gtgctgactcagccaccctcagcgtctgggacccccgggcayg
agcgtcaccatctcttgttctggaagcacctccaacatcgga
agtcattatgtgttctggtaccagcagctcccaggaacggcec
cccagactcctcatctataggaatcatcagcggccctcaggg_
gthctgaccgactctctggctccaagtctggcacctcagcc
tcCctggccatcagtgggctccggtccgaggatgaggctgat
tattactgtgcagtgtgggatgacaccctgagtggctgggtg
ttcggcggagggaccaagctgaccgtcctagcggcdgctgga
tccgaacaaaagctgatctcagaagaagacctaaactcacat
caccatcaccatcac

46 scFv 9E QVQLVQSGAEVKKPGSSVKVSCKASGGTFSNYAISWVRQAPG
a.a. QGLEWMGGIIPIFGTANYAQKFQGRVTITADESTSTAYMELS
SLRSEDTAVYYCARRGGSYFDYWGQGTLVTVSSKLSGSASAP
KLEEGEFSEARVSYVLTQPPSASGTPGQSVTISCSGSTSNIG
SHYVFWYQQLPGTAPRLLIYRNHQRPSGVPDRLSGSKSGTSA
SLAISGLRSEDEADYYCAVWDDTLSGWVFGGGTKLTVLAAAG
SEQKLISEEDLNSHHHHHH

71 Vu (aa) QVQLVQSGAEVKKPGSSVKVSCKASGGTFSNYAISWVRQAPG
' QGLEWMGGIIPIFGTANYAQKFQGRVTITADESTSTAYMELS
SLRSEDTAVYYCARRGGSYFDYWGQGTLVTVSS

72 Vi (aa) SYVLTQPPSASGTPGQSVTISCSGSTSNIGSHYVFWYQQLPG
TAPRLLIYRNHQRPSGVPDRLSGSKSGTSASLAISGLRSEDE
ADYYCAVWDDTLSGWVFGGGTKLTVL

79 VH CAGGTCCAGCTTGTACAGTCTGGGGCTGAGGTGAAGAAGCCT
domain GGGTCCTCGGTGAAGGTCTCCTGCAAGGCTTCTGGAGGCACC
(nt) TTCAGCAACTATGCTATCAGCTGGGTGCGACAGGCCCCTGGA

CAAGGGCTTGAGTGGATGGGAGGGATCATCCCTATCTTTGGT
ACAGCAAACTACGCACAGAAGTTCCAGGGCAGAGTCACGATT
ACCGCGGACGAATCCACGAGCACAGCCTACATGGAGCTGAGC
AGCCTGAGATCTGAGGACACGGCCGTGTATTACTGTGCGAGA
CGCGGTGGGAGCTACTTTGACTACTGGGGCCAGGGAACCCTG

. GTCACCGTCTCTTCA

80 VL TCCTATGTGCTGACTCAGCCACCCTCAGCGTCTGGGACCCCC
domain GGGCAGAGCGTCACCATCTCTTGTTCTGGAAGCACCTCCAAC
(nt) ATCGGAAGTCATTATGTGTTCTGGTACCAGCAGCTCCCAGGA

ACGGCCCCCAGACTCCTCATCTATAGGAATCATCAGCGGCCC
TCAGGGGTCCCTGACCGACTCTCTGGCTCCAAGTCTGGCACC
TCAGCCTCCCTGGCCATCAGTGGGCTCCGGTCCGAGGATGAG
GCTGATTATTACTGTGCAGTGTGGGATGACACCCTGAGTGGC
TGGGETGTTCGGCGGAGGGACCAAGCTGACCGTCCTA
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Table 3
SEQ scFv 10
ID
NO: ‘
47 Heavy QVQOLVESGGGLVQPGRSLRLSCAASGFTFS
chain
FR1:
1 or |CDR 1: SYAMS
13*
48 FR 2 WVRQAPGKGLEWVS
2 or [CDR 2: ATSGSGGSTYYADSVKG
14* * N
149 FR 3: RFTISRDNSKNTLYLOMNSLRAEDTAVYYCAK
15 CDR 3: GAGEGRGLGVV
50 FR 4: MGQGTLVTVSS
51 Linker: | KLSGSASAPKLEEGEFSEARV
52 Light QAVVTQEPSLTVSPGGTVTLTC
chain
FR1:
16 CDR 1:. ASSTGAVTSGYFPN
53 FR 2 WFQQKPGQAPRALITY
17 CDR 2: | STTNKHS
54 FR 3: WTPARFSGSLLGGKAALTLSGVQPEDEAEYYC
18 CDR 3: LLYYGGARV '
55 FR.4: . { FGGGTKLTVL
56 scFV 10 | caggtgcagctggtggaatctgggggaggcttggtacagect
n.a. ggcaggtccctgagactctcctgtgcagcctctggattcacc

tttagcagctatgccatgagctgggtccgccaggctccaggyg
aaggggctggagtgggtctcagctattagtggtagtggtggt
agcacatactancagactccgtgaagggccggttcaccatc.
tccagagacaattccaagaacacgctgtatctgcaaatgaac
agcctgagagccgaggacacggccgtatattactgtgcgaag
ggggccggcgagggtcgagggcttggagtggttatgggcecag
ggaaccctggtcaccgtctcctcaaagctttcagggagtgca
tccgccccaaaacttgaagaaggtgaattttcagaagcacgc
gtacaggctgtggtgacccaggagccctcactgactgtgtcc
ccaggagggacagtcactctcaéctgtgcttccagcactgga
_ gcagtcaccagtggttactttccaaactggttccagcagaaa
CctggacaagcacccagggcactcatttatagtacaaCcaac
aaacactcctggacccctgecccggttctcaggectcecectectt
gggggcaaagctgccctgacactgtcaggtgtgcagcctgag
gacgaggctgagtattactgcctgctctactqtggtggtgct
cgggtgttcggcggagggaccaagctcaccgtcctagcggcc
gctggatccgaacaaaagctgatctcagaagaagacctaaac
tcacatcaccatcaccatcac
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57

scFv 10
a.a.

QVQLVESGGGLVQPGRSLRLSCAASGFTFSSYAMSWVRQAPG
KGLEWVSATSGSGGSTYYADSVKGRFTISRDNSKNTLYLOMN
SLRAEDTAVYYCAKGAGEGRGLGVVMGQGTLVTVSSKLSGSA
SAPKLEEGEFSEARVQAVVTQEPSLTVSPGGTVTLTCASSTG
AVTSGYFPNWFQQOKPGQAPRALIYSTTNKHSWTPARFSGSLL
GGKAALTLSGVQPEDEAEYYCLLYYGGARVFGGGTKLTVLAA
AGSEQKLISEEDLNSHHHHHH

73

VH_(aa)

QVOLVESGGGLVQPGRSLRLSCAASGFTFSSYAMSWVRQAPG
KGLEWVSAISGSGGSTYYADSVKGRFTISRDNSKNTLYLQMN
SLRAEDTAVYYCAKGAGEGRGLGVVMGQGTLVTVSS

74

VL (aa)

QAVVTQEPSLTVSPGGTVTLTCASSTGAVTSGYFPNWFQQKP
GQAPRALIYSTTNKHSWTPARFSGSLLGGKAALTLSGVQPED
EAEYYCLLYYGGARVFGGGTKLTVL

81

domain
(nt)

CAGGTGCAGCTGGTGGAATCTGGGGGAGGCTTGGTACAGCCT
GGCAGGTCCCTGAGACTCTCCTGTGCAGCCTCTGGATTCACC
TTTAGCAGCTATGCCATGAGCTGGGTCCGCCAGGCTCCAGGG
AAGGGGCTGGAGTGGGTCTCAGCTATTAGTGGTAGTGGTGGT
AGCACATACTACGCAGACTCCGTGAAGGGCCGGTTCACCATC
TCCAGAGACAATTCCAAGAACACGCTGTATCTGCAAATGAAC
AGCCTGAGAGCCGAGGACACGGCCGTATATTACTGTGCGAAG
GGGGCCGGCGAGGGTCGAGGGCTTGGAGTGGTTATGGGCCAG
GGAACCCTGGTCACCGTCTCCTCA

82

VL
domain
(nt)

CAGGCTGTGGTGACCCAGGAGCCCTCACTGACTGTGTCCCCA
GGAGGGACAGTCACTCTCACCTGTGCTTCCAGCACTGGAGCA
GTCACCAGTGGTTACTTTCCAAACTGGTTCCAGCAGAAACCT
GGACAAGCACCCAGGGCACTCATTTATAGTACAACCAACAAA
CACTCCTGGACCCCTGCCCGGTTCTCAGGCTCCCTCCTTGGG
GGCAAAGCTGCCCTGACACTGTCAGGTGTGCAGCCTGAGGAC
GAGGCTGAGTATTACTGCCTGCTCTACTATGGTGGTGCTCGG
GTGTTCGGCGGAGGGACCAAGCTCACCGTCCTA

* SEQ ID NO:1 is identical to SEQ ID NO:13
** GEQ ID NO:

2 is identical to SEQ ID NO:14
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SEQ |[scFv 11F
ID

NO:

58 Heavy QVQLVQSGAEVKKPGASVKVSCKASGYTFT
chain ‘
FR1:

19 CDR 1: GYYMH

59 FR 2 WVRQAPGQGLEWMG

20 CDR 2: WINPNSGGTNYAQKFQG

60 FR 3: RVTMTRDTSISTAYMELSRLRSDDTAVYYCAR

21 CDR 3: | GTVTRIQGRSLYGMDV

61 FR 4: WGQGTTVIVSS

62 Linker: KLSGSASAPKLEEGEFSEARV

63 Light ETTLTQOSPGTLSLSPGEGVTLSC

» chain ' ‘
FR1:

22 CDR 1: RASQSVNRRYLA

64 FR 2 WYQQKPGQAPRLLIY

23 CDR 2: GASSRAT

65 FR 3: CIPDRFSGSGSGTDFTLTISRLEPEDFAVYYC

24 CDR 3: QQYGSSPLT

66 FR 4: FGGGTKVEIK

67 scFv 11F | caggtccagcttgtgcagtctggggctgaggtgaagaagc
n.a. ctggggcctcagtgaaggtctcctgcaaggcttctggata

: caccttcaccggctactatatgcactgggtgdgacaggcc

cctggacaagggcttgagtggatgggatggatcaacccta
acagtggtggcacaaactatgcacagaagtttcagggcag
ggtcaccatgaccagggacacgtccatcagcacagcctac
'atggagctgagcaggctgagatctgacgacacggccgtgt
attactgtgcgagaggtacggtgactaggattcagggcCg
ctctctctacggtatggacgtctggggccaagggaccacyg
gtcaccgtctcttcaaagctttcagggagtgcatccgcce
caaaacttgaagaaggtgaattttcagaagcacgcgtaga
aacgacactcacgcagtctccaggcaccctgtctttgtct
ccaggggaaggagtcaccctctcctgcagggccagtcaga
gtgttaacaggaggtacttagcctggtaccagcagaaacc
tggccaggctcccaggctcctcatctatggggcatccagc
agggccactggcatccctgacaggttcagtggcagtgggt
ctgggacagacttcactctéaccatCagcagactggagcc
tgaagattttgcagtgtattactgtcagcagtatggtagc
tcacccctcactttcggcggagggaccaaggtggaaatca
aagcggccgctggatccgaacaaaagctgatctcagaaga
agacctaaactcacatcaccatcaccatcac
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68 scFv 11F QVQLVQSGAEVKKPGASVKVSCKASGYTFTGYYMHWVRQAP
a.a GQGLEWMGWINPNSGGTNYAQKFQGRVTMTRDTSISTAYME

LSRLRSDDTAVYYCARGTVTRIQGRSLYGMDVWGQGTTVTIV
SSKLSGSASAPKLEEGEFSEARVETTLTQSPGTLSLSPGEG
VTLSCRASQSVNRRYLAWYQQKPGQAPRLLIYGASSRATGI
PDRFSGSGSGTDFTLTISRLEPEDFAVYYCQQYGSSPLTFG
GGTKVEIKAAAGSEQKLISEEDLNSHHHHHH

75 . | Vi (aa) QVOLVQSGAEVKKPGASVKVSCKASGYTFTGYYMHWVRQA
*PGQGLEWMGWINPNSGGTNYAQKFQGRVIMTRDTSISTAY
MELSRLRSDDTAVYYCARGTVTRIQGRSLYGMDVWGQGTT
VTVSS '

76 VL (aa) ETTLTQSPGTLSLSPGEGVTLSCRASQSVNRRYLAWYQOQOK
PGQAPRLLIYGASSRATGIPDRFSGSGSGTDFTLTISRLE
PEDFAVYYCQQYGSSPLTFGGGTKVEIK

83 VH CAGGTCCAGCTTGTGCAGTCTGGGGCTGAGGTGAAGAAGC
domain CTGGGGCCTCAGTGAAGGTCTCCTGCAAGGCTTCTGGATA
(nt) CACCTTCACCGGCTACTATATGCACTGGGTGCGACAGGCC

CCTGGACAAGGGCTTGAGTGGATGGGATGGATCAACCCTA
ACAGTGGTGGCACAAACTATGCACAGAAGTTTCAGGGCAG
GGTCACCATGACCAGGGACACGTCCATCAGCACAGCCTAC
ATGGAGCTGAGCAGGCTGAGATCTGACGACACGGCCGTGT
ATTACTGTGCGAGAGGTACGGTGACTAGGATTCAGGGCCG
CTCTCTCTACGGTATGGACGTCTGGGGCCAAGGGACCACG

GTCACCGTCTCTTCA -
84 VL GAAACGACACTCACGCAGTCTCCAGGCACCCTGTCTTTGT
domain CTCCAGGGGAAGGAGTCACCCTCTCCTGCAGGGCCAGTCA
(nt) GAGTGTTAACAGGAGGTACTTAGCCTGGTACCAGCAGAAA

CCTGGCCAGGCTCCCAGGCTCCTCATCTATGGGGCATCCA
GCAGGGCCACTGGCATCCCTGACAGGTTCAGTGGCAGTGG
GTCTGGGACAGACTTCACTCTCACCATCAGCAGACTGGAG
CCTGAAGATTTTGCAGTGTATTACTGTCAGCAGTATGGTA
GCTCACCCCTCACTTTCGGCGGAGGGACCAAGGTGGAAAT
CAAA
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Table 5 IgG sequences of 17G

SEQ
ID
NO:
85

IgGl
heavy
chain
(nt)

caggtgcagctggtggagtctgggggaggcttggtacagcctg
gggggtccctgagactctcecctgtgcagecctctggattcacctt
tagcagctatgccatgagctgggtccgccaggctccagggaadg
gggctggagtgggtctcagctattagtggtagtggtggtagca
catactacgcagactccgtgaagggccggttcaccatctccag
agacaattccaagaacacgctgtatctgcaaatgaacagcctg
agagccgaggacacggccgtatattactgtgcgaatattaggt
atagtgcaggctactggggccagggaaccctggtcaccgtctce

'| ctcagcctccaccaagggcccatcggtcttccceccctggecacce

tcctccaagagcacctctgggggcacagecggecctgggetgcec
tggtcaaggactacttccccgaaccggtgacggtgtcecgtggaa
ctcaggcgccctgaccagecggegtgcacaccttcececggetgte
ctacagtcctcaggactctactccctcagcagecgtggtgaccg
tgccctccagcagcttgggcacccagacctacatctgcaacgt
gaatcacaagcccagcaacaccaaggtggacaagaaagttgag
cccaaatcttgtgacaaaactcacacatgcccaccgtgeccag
cacctgaactcctggggggaccgtcagtcttcectecttcceccce
aaaacccaaggacaccctcatgatctcccggacccctgaggtc
acatgcgtggtggtggacgtgagccacgaagaccctgaggtca
agttcaactggtacgtggacggcgtggaggtgcataatgccaa
gacaaagccgcgggaggagcagtacaacagcacgtaccgtgtg
gtcagcgtcctCaccgtcctgcaccaggactggctgaatggca
aggagtacaagtgcaaggtctccaacaaagccctcccagcccc
catcgagaaaaccatctccaaagccaaagggcagccccgagaa
ccacaggtgtacaccctgcccccatcccgggatgagctgacca
agaaccaggtcagcctgacctgcctggtcaaaggcttctatcc
cagcgacatcgccgtggagtgggagagcaatgggcagccggag
aacaactacaagaccacgcctcccgtgctggactccgacggct
ccttcttcctctacagcaagctcaccgtggacaagagcaggtg
gcagcaggggaacgtcttctcatgctccgtgatgcatgaggct
ctgcacaaccactacacgcagaagagcctctccctgtctccgg
gtaaa

SEQ
1D
NO:
86

Lambda
light
chain
(nt)

tcctatgtgctgacacagccacCctcagcgtctgggaccCcc
gggcagagggtcaccatctcttgttctggaagcagctccaac
atcggaagtaattatgtatactggtaCcagcagctcccagga
acggcccccaaactcctcatctataggaataatcagcggcece
tcaggggtccctgaccgattctctggctccaagtctggcacc
tcagcctccctggccatcagtgggctccggtccgaggatgag
gctgattattactgtgcagcatgggatgaccgcctgagtggt
tgggtgttcggcggagggaccaagctgaccgtcctaggtcag
cccaaggctgccccctcggtcactctgttcccgccctcctct
gaggagcttcaagccaacaaggccacactggtgtgtctcata
agtgacttctacccgggagcégtgacagtggcctggaaggca
gatagcagccccgtcaaggcgggagtggagaccaccacaccc
tccaaacaaagcaacaacaagtacgcggccagcagctatctg
agcctgacgcctgagcagtggaagtcccacagaagctacagc'
tgccaggtcacgcatgaagggagcaccgtggagaagacagtg
gcccctacagaatgttca .
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Table 5 continued
SEQ IgGl avglvesggglvagpggslrlscaasgftfssyamswvrgapg
iD heavy kglewvsaisgsggstyyadsvkgrftisrdnskntlylgmn
NO:8 | chain slraedtavyycanirysagywgggtlvtvssastkgpsvfp
7 (aa) . lapsskstsggtaalgclvkdyfpepvtvswnsgaltsgvht

fpavlqssglys1ssvvtvpssslgtqtyicnvnhkpsntkv
dkkvepkscdkthtcppcpapel lggpsvil fppkpkdtlmi
srtpevtcvvvdvshedpevkinwyvdgvevhnaktkpreeq
ynstyrvvsvltvlhgdwlngkeykckvsnkalpapiektis
kakggprepgvytlppsrdeltkngvsltclvkgfypsdiav
ewesnggpennykttppvldsdgsfflyskltvdksrwgggn
viscsvmhealhnhytagkslslspgk

SEQ Lambda syvltgppsasgtpggrvtiscsgsssnigsnyvywydqlpg

ID light tapklliyrnngrpsgvpdrfsgsksgtsaslaisglrsede

NO: chain adyycaawddrlsngfgggtkltvlgqpkaapsvtlfppss

88 {aa) eelgankatlvclisdfypgavtvawkadsspvkagvetttp
skgsnnkyaassylsltpegwkshrsyscgvthegstvektv
aptecs

Table 6 IgG sequences of SE

SEQ IgGl caggtccagcttgtacagtctggggctgaggtgaagaagcct
ID 1 heavy . gggtcctcggtgaaggtétcctgcaaggcttctggaggcacc
‘NO:8 | chain ttcagcaactatgctatcagctgggtgcgacaggcccctgga
9 (nt) caagggcttgagtggatgggagggatcatccctatctttggt

acagcaaactacgcacagaagttccagggcagagtcacgatt
accgcggacgaatccacgagcacagcctacatggagctgagc
agcctgagatetgaggacacggccgtgtattactgtgcgaga
cgcggtgggagctactttgactactggggccagggaaccctg
gtcaccgtctcttcagcctccaccaagggcccatcggtcttc
cccctggcaccctcecctccaagagcacctctgggggcacagceyg
gccctgggctgcctggtcaaggactacttccccgaaccggtg
acggtgtcgtggaactcaggcgccctgaccagcggcgtgcac
accttcccggcectgtecctacagtcctcaggactctacteecte
agcagcgtggtgaccgtgeccctccagcagcttgggcacccag
acctacatctgcaacgtgaatcacaagcccagcaacaccaag
gtggacaagaaagttgagcccaaatcttgtgacaaaactcac
acatgcccaccgtgcccagcacctgaactcctggggggaccyg
tcagtcttcctcttccccccaaaacccaaggacaccctcatg
| atctcccggacccctgaggtcacatgegtggtggtggacgtg
agccacgaagaccctgaggtcaagttcaactggtacgtggac
ggcgtggaggtgcataatgccaagacaaagccgcgggaggag
cagtacaacagcacgtaccgtgtggtcagcgtcctcaccgtc
ctgcaccaggactggctgaatggcaaggagtacaagtgcaag
gtctccaacaaagccctcccagcccccatcgagaaaaccatc
tccaaagccaaagggcagccccgagaaccacaggtgtacacce
ctgcccccatcccgggatgagectgaccaagaaccaggtcage
ctgacctgcctggtcaaaggcttctatcccagcgacatcgcc
gtggagtgggagagcaatgggcagccggagaacaactacaag
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agcacgcctcccgtgctggactccgacggctccttcttcctc
tacagcaagctcaccgtggacaagagcaggtggcagcagggyg
aacgtcttctcatgctccgtgatgcatgaggctctgcacaac
cactacacgcagaagagcctctccctgtcteccgggtaaa

SEQ Lambda tcctatgtgctgactcagccaccctcagecgtctgggaccccce

ID light gggcagagcgtcaccatctcttgttctggaagcacctccaac
NO: chain atcggaagtcattatgtgttctggtaccagcagctcccagga
90 (nt) acggcccccagactcecctcecatctataggaatcatcagecggccc

tcaggggtccctgaccgactctctggctccaagtectggecace
tcagcctccctggcéatcagtgggctccggtccgaggatgag
gctgattattactgtgcagtgtgggatgacaccctgagtggc
tgggtgttcggcggagggaccaagctgaccgtcctaggtcag
cccaaggctgecccccteggtcactcectgttcececegeectectet
gaggagcttcaagccaacaaggccacactggtgtgtctcata
agtgacttctacccgggagccgtgacagtggcctggaaggca
gatagcagccccecgtcaaggcgggagtggagaccaccacaccce
tccaaacaaagcaacaacaagtacgcggccagcagctatctg
agcctgacgcctgagcagtggaagtcccacagaagctacagce
tgccaggtcacgcatgaagggagcaccgtggagaagacagtg
gcccctacagaatgttca

SEQ IgGl gvglvgsgaevkkpgssvkvsckasggtfsnyaiswvrgapg
ID heavy gglewmggiipifgtanyagkfggrvtitadeststaymels
NO: chain slrsedtavyycarrggsyfdywgggtlvtvssastkgpsvE
91 1 (aa) plapsskstsggtaalgclvkdyfpepvtvswnsgaltsgvh

tfpavlgssglyslssvvtvpssslgtgtyicnvnhkpsntk
4vdkkvepkscdkthtcppcpapellggpsvflfppkpkdtlm
isrtpevtcvvvdvshedpevkfnwyvdgvevhnaktkpree
qynstyrvvsvltvlhqdwlﬁgkeykckvsnkalpapiekti
skakggprepavytlppsrdeltkngvsltclvkgfypsdia
vewesngqpennykttppvldsdgsfflyskltvdksrwqqg
nvfscsvmhealhnhytgkslslspgk

SEQ Lambda syvltgppsasgtpggsvtiscsgstsnigshyviwygglpg

ID light taprlliyrnhgrpsgvpdrlsgsksgtsaslaisglrsede
| NO: chain adyycavwddtlsgwvigggtkltvlggpkaapsvtlfippss
92 {aa) eelgankatlvclisdfypgavtvawkadsspvkagvetttp

skagsnnkyaassylsltpegwkshrsyscgvthegstvektv
aptecs ' '
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Table 7 IgG sequences of 10

SEQ IgGl caggtgcagctggtggaatctgggggaggcttggtacagecct
ID | heavy ggcaggtccctgagactctectgtgcagcecctcectggattcacc
NO: chain tttagcagctatgccatgagctgggtccgeccaggectccaggyg
93 (nt) aaggggctggagtgggtctcagctattagtggtagtggtggt
agcacatactacgcagactccgtgaagggeccggttcaccatce
tccagagacaattccaagaacacgctgtatctgcaaatgaac
agcctgagagccgaggacacggccgtatattactgtgcgaag
ggggccggcgagggtcgagggcttggagtggttatgggecag
ggaaccctggtcaccgtctcctcagcctccaccaagggccCa
tcggtcttcececcctggcaccctectecaagagecacctetggyg
ggcacagcggccctgggctgectggtcaaggactacttccecce
gaaccggtgacggtgtcgtggaactcaggcgccctgaccagce
ggcgtgcacaccttcccggctgtectacagtcctcaggactce
tactccctcagcagecgtggtgaccgtgcceccteccagecagettg
ggcacccagacctacatctgcaacgtgaatcacaagcccagce
aacaccaaggtggacaagaaagttgagcccaaatcttgtgac
aaaactcacacatgcccaccgtgcccagcacctgaactectg
gggggaccgtcagtcttcctecttccceccccaaaacccaaggac
accctcatgatctcccggacccctgaggtcacatgegtggtg
gtggacgtgagccacgaagaccctgaggtcaagttcaactgg
tacgtggacggcgtggaggtgcataatgccaagacaaagccg
cgggaggagcagtacaacagcacgtaccgtgtggtcagcgtc
ctcaccgtcctgcaccaggactggctgaatggcaaggagtac
aagtgcaaggtctccaacaaagccctcccageccccatecgag
aaaaccatctccaaagccaaagggcagccccgagaaccacag
gtgtacaccctgcccccatcccgggatgagctgaccaagaac
caggtcagcctgacctgcecctggtcaaaggcttctatcecccagc
gacatcgccgtggagtgggagagcaatgggcagccggagaac
aactacaagaccacgcctcccgtgectggactccgacggetcec
ttcttcctctacagcaagctcaccgtggacaagagcaggtgg
cagcaggggaacgtcttctcatgctccgtgatgcatgaggcet
ctgcacaaccactacacgcagaagagcctctcecctgtctecg

ggtaaa
SEQ | Lambda caggctgtggtgacccaggagccctcactgactgtgtcccca
ID light ggagggacagtcactctcacctgtgcttccagcactggagca
"NO: | chain gtcaccagtggttactttccaaactggttccagcagaaacct
94 (nt) ggacaagcacccagggcactcatttatagtacaaccaacaaa

cactcctggacccctgececggttctcaggectccctecttggg
ggcaaagctgccctgacactgtcaggtgtgcagecctgaggac
gaggctgagtattactgcctgctctactatggtggtgctcgg
gtgttcggcggagggaccaagctcaccgtcctaggtcagccc
aaggctgcccccteggtcactctgtteccgeectectectgag
gagcttcaagccaacaaggccacactggtgtgtctcataagt
gacttctacccgggagccgtgacagtggcctggaaggcagat
agcagccccgtcaaggcgggagtggagaccaccacaccctcc
aaacaaagcaacaacaagtacgcggccagcagctatctgage
ctgacgcctgagcagtggaagtcccacagaagctacagctgc
caggtcacgcatgaagggagcaccgtggagaagacagtggcc
cctacagaatgttca
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SEQ IgGl | gavglvesggglvapgrslrlscaasgftfssyamswvrgapg
1D heavy kglewvsaisgsggstyyadsvkgrftisrdnskntlylgmn
NO: chain slraedtavyycakgagegrglgvvmgggtlvtvssastkgp
95 {aa) sviplapsskstsggtaalgclvkdyfpepvtvswnsgalts
gvhtfpavlgssglyslssvvtvpssslgtgtyicnvnhkps
ntkvdkkvepkscdkthtcppcpapellggpsvil fppkpkd
tlmisrtpevtcvvvdvshedpevkinwyvdgvevhnaktkp
reeqgynstyrvvsvltvlhgdwlngkeykckvsnkalpapie
ktiskakggprepgvytlppsrdeltkngvsltclvkgfyps
diavewesnggpennykttppvldsdgsfflyskltvdksrw
gggnvfscsvmhealhnhytgkslslspgk

SEQ | Lambda gavvtgepsltvspggtvtltcasstgavtsgyfpnwiggkp
ID light ggapraliysttnkhswtparfsgsllggkaaltlsgvgped
NO: chain eaeyycllyyggarvigggtkltvlggpkaapsvtlfppsse
96 (aa) elgankatlvclisdfypgavtvawkadsspvkagvetttps
kgsnnkyaassylsltpegwkshrsyscgvthegstvektva
ptecs

Table 8 IgG sequences of 11F

SEQ IgGl caggtccagcttgtgcagtctggggctgaggtgaagaagcctg
ID heavy gggcctcagtgaaggtctcctgcaaggcttctggatacacctt
NO: | chain caccggctactatatgcactgggtgcgacaggcccctggacaa
97 (nt) gggcttgagtggatgggatggatcaaccctaacagtggtggca
' caaactatgcacagaagtttcagggcagggtcaccatgaccag
ggacacgtccatcagcacagcctacatggagctgagcaggctg
agatctgacgacacggccgtgtattactgtgcgagaggtacgg
tgactaggattcagggccgctctctctacggtatggacgtctg'
gggccaagggaccacggtcaccgtctcttcagcctccaccaag
ggcccatcggtcttccccctggcaccctcctccaagagcacct
ctgggggcacagcggccctgggctgcctggtcaaggactactt.
Ccccgaaccggtgacggtgtcgtggaactcaggcgccctgacc
agcggcgtgcacaccttcccggctgtcctacagtcctcaggac
tctactccctcagcagecgtggtgaccgtgecctecagcagett
gggcacccagacctacatctgcaacgtgaatcacaagcccagce
aacaccaaggtggacaagaaagttgagcccaaatcttgtgaca
aaactcacacatgcccaccgtgcccagcacctgaactcctggg
gggaccgtcagtcttectcttcceccccaaaacccaaggacace
ctcatgatctcccggacccctgaggtcacatgcgtggtggtgg
acgtgagccacgaagaccctgaggtcaagttcaactggtacgt
ggacggcgtggaggtgcataatgccaagacaaagccgegggad
gagcagtacaacagcacgtaccgtgtggtcagcgtcctcaccg
tcctgcaccaggactggctgaatggcaaggagtacaagtgcaa
ggtctccaécaaagccctcccagcccccatcgagaaaaccatc
tccaaagccaaagggcagccccgagaaccacaggtgtacaccce
tgcccccatcccgggatgagctgaccaagaaCcaggtcagcct
gacctgcctggtcaaaggcttctatcccagcgacatcgccgtg
gagtgggagagcaatgggcagccggagaacaactacaagacca
cgcctcccgtgctggactccgacggctccttCttcctctacag
caagctcaccgtggacaagagcaggtggcagcaggggaacgtc
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ttctcatgctececgtgatgcatgaggectctgcacaaccactaca
cgcagaagagcctctccctgtctcecgggtaaa

SEQ Kappa gaaacgacactcacgcagtctccaggcaccetgtetttgtete
ID light caggggaaggagtcaccctctcctgcagggccagtcagagtgt
NO: chain taacaggaggtacttagcctggtaccagcagaaacctggccag
98 (nt) gctcccaggctcecctcatctatggggcatccagcagggccactyg
gcatccctgacaggttcagtggcagtgggtctgggacagactt
cactctcaccatcagcagactggagcctgaagattttgecagtg
tattactgtcagcagtatggtagctcacccctcactttcggcg
gagggacCaaggtggaaatcaaacgaactgtggctgcaccatc
tgtcttcatcttcccgecatctgatgagcagttgaaatctgga
actgcctctgttgtgtgectgctgaataacttctatcecccagag
aggccaaagtacagtggaaggtggataacgccctccaatcggg
taactcccaggagagtgtcacagagcaggacagcaaggacagc
acctacagcctcagcagcaccctgacgctgagcaaagcagact
acgagaaacacaaagtctacgcctgcgaagtcacccatcaggg
cctgagctcgcccgtcacaaagagcttcaacaggggagagtgt
SEQ IgGl qvqlvqsgaevkkpgasvkvsckasgytftgyymhwvrqapgq
ID heavy glewmgwinpnsggtnyaqqugrvtmtrdtsistaymelsrl
NO: chain rsddtavyycargtvtriqgrs1ygmdegqgttvtvssastk
99 (aa) gpsvfplapsskstsggtaalgclvkdyfpepvtvswnsgalt
sgvhtfpavlqssglyslssvvtvpssslgtqtyicnvnhkps
ntkvdkkvepkscdkthtcppcpapellggpsvilfppkpkdt.
1misrtpevtcvvvdvshedpevkfnwyvdgvevhnaktkpre
eqynstyrvvsvltvlhqdwlngkeykckvsnkalpapiekti
skakgqprepqutlppsrdeltknqultclvkgfypsdiav
ewesngqpennykttppvldsdgsfflyskltvdksrwqqgnv
fscsvmhealhnhytgkslslspgk

SEQ Kappa ettltqspgtlslspgegvtlscrasqsvnrrylaquqkpgq
ID light aprlliygassratgipdrfsgsgsgtdftltisrlepedfav
NO: chain yycqqygsspltfgggtkveikrtvaapsvfifppsdeqlksg
100 {aa) tasvvcllnnfypreakvqwkvdnalqsgnsqesvtequkds
tyslsst1tlskadyekhkvyacevthqglsspvtksfnrgec

Table 9
IgG CCRA® DT40 | CCR4' DT40 | CCR4Y CCRF-CEM
(2) HEK293T

17G 0.42 £ 0.42 = 0.62 + 0.22 |0.16 =
0.07 nM 0.03 nM nM ' 0.02 nM

9E 0.72 # 0.17 + 0.36 = 0.19 | 0.39 #
0.28 nM 0.03 nM nM 0.02 nM

KM3060var | 3.67 = 4.82 + 11.40 * 79.83 *
0.29 nM 0.16 nM 1.74 nM 6.59 nM
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Table 10

scFv KM3060var

ar a.a.

Heavy EVQLVESGGDLMKPGGSLKISCAASGFIFS

chain

FR1:

CDR 1: NYGMS

FR 2 WVRQTPDMRLEWVA

CDR 2: TISSASTYSYYPDSVKG

FR 3: RFTISRDNAENSLYLOMNSLRSEDTGIYYC

CDR 3: GRHSDGNFAFGY

FR 4: WGRGTLVTVSS

Linker: KLSGSASAPKLEEGEFSEARV

Light DVLMTQTPLSLPVSLGDQASISC

chain

FR1:

CDR 1: RSSRNIVHINGDTYLE

FR 2 WYLQRPGQSPKLLIY

CDR 2: KVSNRFS

"FR 3: GVPDRFSGSGSGTDFTLKISRVEAEDLGVYYC

CDR 3: FOQGSLLPWT '

FR 4: FGGGTRLEIK _

scFv gaggtgcagctggtcgagagcggaggcgacctgatgaagcctggcggcagcct

KM3060v gaagatcagctgcgccgccagcggcttcatcttcagcaactacggcatgagct

ar n.a. gggtgcgccagacccccgacatgcggctggaatgggtggcaaccatcagcagc
gccagcacctacagétactaccccgacagcgtgaagggccggttcaccatcag
ccgggacaacgccgagaacagcctgtatctgcagatgaacagcCtgcggagcg
aggacaccggcatctactactgcggcagacacagcgacggcaacttcgccttc
ggctactggggcagaggcaccctggtgaccgtgtccagcaagctttccggcag
cgcctccgcccccaagctggaagagggcgagttcagcgaggcacgcgtggacg
tgctgatgacccagacccctctgagcctgcccgtgtccctgggcgaccaggcc
agcatcagctgcagaagcagccggaacatcgtccacatcaacggcgacaccta
cctggaatggtatctgcagcggcctggacagagccccaagctgctgatctaca
aggtgtccaaccggttcagcggcgtgcccgacagattcagcggaagcggctcc
ggcaccgacttcaccctgaagatctcccgggtggaggccgaggacctgggcgt
gtactactgctttcaaggcagcctgctgccctggaccttcggcggaggcacac
ggctggaaatcaaagcggccgctggatccgaacaaaagctgatctcagaagaa
gacctaaactcacatcaccatcaccatcac

scFv EVQLVESGGDLMKPGGSLKISCAASGFIESNYGMSWVRQTPDMRLEWVATISS

KM3060v ASTYSYYPDSVKGRFTISRDNAENSLYLQOMNSLRSEDTGIYYCGRHSDGNFAF
GYWGRGTLVTVSSKLSGSASAPKLEEGEFSEARVDVLMTQTPLSLPVSLGDQA

SISCRSSRNIVHINGDTYLEWYLQRPGQSPKLLIYKVSNRFSGVPDRFSGSGS
GTDFTLKISRVEAEDLGVYYCFQGSLLPWTFGGGTRLEIKAAAGSEQKLISEE
DLNSHHHHHH '
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Table 11
SEQ | scFv 9E10J
ID
NO: .
36 Heavy QVQLVQSGAEVKKPGSSVKVSCKASGGTFS
chain
FR1:
101 CDR 1: | SYAIS
37 FR 2 WVRQAPGQGLEWMG
8 CDR 2: GIIPIFGTANYAQKFQG
102 FrR 3: RVTMTRDTSTSTVYMELSSLRSEDTAVYYCAR
9 - CDR 3: RGGSYFDY
39 FR 4: WGQGTLVTVSS
40 Linker: | KLSGSASAPKLEEGEFSEARV
41 Light SYVLTQPPSASGTPGQSVTISC
chain : ‘
FR1:
10 CDR 1: SGSTSNIGSHYVF
42 FR 2. WYQQLPGTAPRLLIY
11 CDR 2: RNHQRPS .
43 FR 3: GVPDRLSGSKSGTSASLATISGLRSEDEADYYC
"12 i CDR 3: AVWDDTLSGWV
44 FR 4. FGGGTKLTVL
103 scFv CAGGTCCAGCTTGTACAGTCTGGGGCTGAGGTGAAGAAGC

9E10J CTGGGTCCTCGGTGAAGGTCTCCTGCAAGGCTTCTGGAGG
CACCTTCAGCAGCTATGCTATCAGCTGGGTGCGACAGGCC
CCTGGACAAGGGCTTGAGTGGATGGGAGGGATCATCCCTA
TCTTTGGTACAGCAAACTACGCACAGAAGTTCCAGGGCAG
AGTCACCATGACCAGGGACACGTCCACGAGCACAGTCTAC
ATGGAGCTGAGCAGCCTGAGATCTGAGGACACGGCCGTGT.
ATTACTGTGCGAGACGCGGTGGGAGCTACTTTGACTACTG
GGGCCAAGGGACCCTGGTCACCGTCTCCTCAAAGCTTTCA
GGGAGTGCATCCGCCCCAAAACTTGAAGAAGGTGAATTTT
CAGAAGCACGCGTATCCTATGTGCTGACTCAGCCACCCTC
AGCGTCTGGGACCCCCGGGCAGAGCGTCACCATCTCTTGT
TCTGGAAGCACCTCCAACATCGGAAGTCATTATGTGTTCT
GGTACCAGCAGCTCCCAGGAACGGCCCCCAGACTCCTCAT
CTATAGGAATCATCAGCGGCCCTCAGGGGTCCCTGACCGA
CTCTCTGGCTCCAAGTCTGGCACCTCAGCCTCCCTGGCCA
TCAGTGGGCTCCGGTCCGAGGATGAGGCTGATTATTACTG
TGCAGTGTGGGATGACACCCTGAGTGGCTGGGTGTTCGGC
GGAGGGACCAAGCTGACCGTCCTA
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Table 11 continued
104 scFv QVQLVQSGAEVKKPGSSVKVSCKASGGTFSSYAISWVRQA
’ 9E10J PGQGLEWMGGIIPIFGTANYAQKFQGRVTMTRDTSTSTVY
a.a. MELSSLRSEDTAVYYCARRGGSYFDYWGQGTLVTVSSKLS

GSASAPKLEEGEFSEARVSYVLTQPPSASGTPGQSVTISC
SGSTSNIGSHYVFWYQQLPGTAPRLLIYRNHQRPSGVPDR
LSGSKSGTSASLAISGLRSEDEADYYCAVWDDTLSGWVFG
GGTKLTVL :

105 Vi (aa) QVQLVQSGAEVKKPGSSVKVSCKASGGTFSSYAISWVRQA
PGQGLEWMGGIIPIFGTANYAQKFQGRVTMTRDTSTSTVY
MELSSLRSEDTAVYYCARRGGSYFDYWGQGTLVTVSS

72 Vi (aa) SYVLTQPPSASGTPGQSVTISCSGSTSNIGSHYVFWYQQL
PGTAPRLLIYRNHQRPSGVPDRLSGSKSGTSASLAISGLR
SEDEADYYCAVWDDTLSGWVFGGGTKLTVL

106 Vu CAGGTCCAGCTTGTACAGTCTGGGGCTGAGGTGAAGAAGC
Domain CTGGGTCCTCGGTGAAGGTCTCCTGCAAGGCTTCTGGAGG

(nt) CACCTTCAGCAGCTATGCTATCAGCTGGGTGCGACAGGCC
: CCTGGACAAGGGCTTGAGTGGATGGGAGGGATCATCCCTA
TCTTTGGTACAGCAAACTACGCACAGAAGTTCCAGGGCAG
AGTCACCATGACCAGGGACACGTCCACGAGCACAGTCTAC
ATGGAGCTGAGCAGCCTGAGATCTGAGGACACGGCCGTGT
ATTACTGTGCGAGACGCGGTGGGAGCTACTTTGACTACTG
GGGCCAAGGGACCCTGGTCACCGTCTCCTCA

80 Vi, TCCTATGTGCTGACTCAGCCACCCTCAGCGTCTGGGACCC
Domain CCGGGCAGAGCGTCACCATCTCTTGTTCTGGAAGCACCTC
(nt) " | CAACATCGGAAGTCATTATGTGTTCTGGTACCAGCAGCTC

CCAGGAACGGCCCCCAGACTCCTCATCTATAGGAATCATC
AGCGGCCCTCAGGGGTCCCTGACCGACTCTCTGGCTCCAA
GTCTGGCACCTCAGCCTCCCTGGCCATCAGTGGGCTCCGG
TCCGAGGATGAGGCTGATTATTACTGTGCAGTGTGGGATG
ACACCCTGAGTGGCTGGGTGTTCGGCGGAGGGACCAAGCT
GACCGTCCTA '
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Table 12
SEQ scFv 9E1D
ID
NO:
36 Heavy QVQLVQSGAEVKKPGSSVKVSCKASGGTFS
chain
FR1:
7 CDR1: - NYAIS
37 FR2 WVRQAPGQGLEWMG
8 CDR2: GIIPIFGTANYAQKFQG
38 FR3: RVTITADESTSTAYMELSSLRSEDTAVYYCAR
9 CDR3: RGGSYFDY
39 FR4 : WGQGTLVTVSS
40 Linker: KLSGSASAPKLEEGEFSEARV
107 Light QPVLTQPPSASGTPGQRVTISC
chalinFR1:
108 CDR1: SGGGSNIGRRFVN
109 FR2 WYQQLPGTAPKLLIY
110 CDR2: RNNQRPS _
111 FR3: GVPDRFSGSKSGTSASLVISGLRSEDEADYYC
112 CDR3: AAWDDSLSGWV
44 FR4 : FGGGTKLTVL
113 SCcFVv9E1D | CAGGTCCAGCTTGTACAGTCTGGGGCTGAGGTGAAGAAG

CCTGGGTCCTCGGTGAAGGTCTCCTGCAAGGCTTCTGGA
GGCACCTTCAGCAACTATGCTATCAGCTGGGTGCGACAG
GCCCCTGGACAAGGGCTTGAGTGGATGGGAGGGATCATC
CCTATCTTTGGTACAGCAAACTACGCACAGAAGTTCCAG
GGCAGAGTCACGATTACCGCGGACGAATCCACGAGCACA
GCCTACATGGAGCTGAGCAGCCTGAGATCTGAGGACACG
GCCGTGTATTACTGTGCGAGACGCGGTGGGAGCTACTTT
GACTACTGGGGCCAGGGAACCCTGGTCACCGTCTCTTCA
AAGCTTTCAGGGAGTGCATCCGCCCCAAAACTTGAAGAA
GGTGAATTTTCAGAAGCACGCGTACAGCCTGTGCTGACT
CAGCCCCCCTCAGCGTCTGGGACCCCCGGGCAGAGGGTC
ACCATCTCTTGTTCTGGAGGCGGATCCAACATCGGAAGA
AGGTTTGTAAACTGGTACCAGCAGCTCCCAGGAACGGCC
CCCAAACTCCTCATCTATAGGAATAATCAGCGGCCCTCA
GGGGTCCCTGACCGATTCTCTGGCTCCAAGTCTGGCACC
TCAGCCTCCCTGGTCATCAGTGGGCTCCGGTCCGAGGAT
GAGGCTGATTATTACTGTGCAGCATGGGATGACAGCCTG
AGTGGTTGGGTGTTCGGCGGAGGGACCAAGCTGACCGTC
CTA
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Table 12 continued

114 | scFV9E1D | QVQLVQSGAEVKKPGSSVKVSCKASGGTFSNYAISWVRQ
a.a. APGQGLEWMGGIIPIFGTANYAQKFQGRVTITADESTST
AYMELSSLRSEDTAVYYCARRGGSYFDYWGQGTLVTVSS
KLSGSASAPKLEEGEFSEARVQPVLTQPPSASGTPGQRV
TISCSGGGSNIGRRFVNWYQQLPGTAPKLLIYRNNQRPS
GVPDRFSGSKSGTSASLVISGLRSEDEADYYCAAWDDSL
SGWVFGGGTKLTVL

71 Vi (aa) QVQLVQSGAEVKKPGSSVKVSCKASGGTFSNYAISWVRQ
APGQOGLEWMGGIIPIFGTANYAQKFQGRVTITADESTST
AYMELSSLRSEDTAVYYCARRGGSYFDYWGQGTLVTVSS

115 VL (aa) QPVLTQPPSASGTPGQRVTISCSGGGSNIGRRFVNWYQQ
LPGTAPKLLIYRNNQRPSGVPDRFSGSKSGTSASLVISG
LRSEDEADYYCAAWDDSLSGWVFGGGTKLTVL

79 Vydomain CAGGTCCAGCTTGTACAGTCTGGGGCTGAGGTGAAGAAG
(nt) CCTGGGTCCTCGGTGAAGGTCTCCTGCAAGGCTTCTGGA
GGCACCTTCAGCAACTATGCTATCAGCTGGGTGCGACAG
GCCCCTGGACAAGGGCTTGAGTGGATGGGAGGGATCATC
CCTATCTTTGGTACAGCAAACTACGCACAGAAGTTCCAG
GGCAGAGTCACGATTACCGCGGACGAATCCACGAGCACA
_GCCTACATGGAGCTGAGCAGCCTGAGATCTGAGGACACG
GCCGTGTATTACTGTGCGAGACGCGGTGGGAGCTACTTT
GACTACTGGGGCCAGGGAACCCTGGTCACCGTCTCTTCA
116 vidomain CAGCCCCCCTCAGCGTCTGGGACCCCCGGGCAGAGGGTC
(nt) ACCATCTCTTGTTCTGGAGGCGGATCCAACATCGGAAGA
AGGTTTGTAAACTGGTACCAGCAGCTCCCAGGAACGGCC
CCCAAACTCCTCATCTATAGGAATAATCAGCGGCCCTCA
GGGGTCCCTGACCGATTCTCTGGCTCCAAGTCTGGCACC
TCAGCCTCCCTGGTCATCAGTGGGCTCCGGTCCGAGGAT
GAGGCTGATTATTACTGTGCAGCATGGGATGACAGCCTG
AGTCGTTGGGTGTTCGGCGGAGGGACCAAGCTGACCGTC
CTA
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Table 13 Sequences of 9E10J IgG. ,
SEQ. IgGl caggtccagcttgtacagtctggggctgaggtgaagaagcct
ID heavy gggtcctcggtgaaggtctcctgcaaggcttctggaggcacc
NO: chain ttcagcagctatgctatcagctgggtgcgacaggcccctgga
117 (nt) caagggcttgagtggatgggagggatcatccctatctttggt

acagcaaactacgcacagaagttccagggcagagtcaccatg
accagggacacgtccacgagcacagtctacatggagctgagc
agcctgagatctgaggacacggccgtgtattactgtgcgaga
cgcggtgggagctactttgactactggggccaagggaccctg
gtcaccgtctcctcagecctccaccaagggeccatcggtcette
cccctggcaccctccteccaagagcacctctgggggcacagecg
gccctgggctgcctggtcaaggactacttccccgaaccggtg
acggtgtcgtggaactcaggcgccctgaccagcggcgtgeac
accttcccggcectgtcctacagtectcaggactctactcectce
agcagcgtggtgaccgtgccctccagcagcttgggcacccag
acctacatctgcaacgtgaatcacaagcccagcaacaccaag
gtggacaagaaagttgagcccaaatcttgtgacaaaactcac
acatgcccaccgtgcccagcacctgaactcctggggggaccg
tcagtcttcctcttccccccaaaacccaaggacaccctcatg
atctcccggacccctgaggtcacatgegtggtggtggacgtg
agccacgaagaccctgaggtcaagttcaactggtacgtggac
ggcgtggaggtgcataatgccaagacaaagccgcgggaggag
cagtacaacagcacgtaccgtgtggtcagcgtcctcaccgtc
ctgcaccaggactggctgaatggcaaggagtacaagtgcaag
gtctccaacaaagccctcccagcccccatcgagaaaaccatc
tccaaagccaaagggcagccccgagaaccacaggtgtacacc
ctgcccccatcccgggatgagctgaccaagaaccaggtcagc
ctgacctgcctggtcaaaggcttctatcccagcgacatcgcc
gtggagtgggagagcaatgggcagccggagaacaactacaag
accacgcctcccgtgctggactccgacggctccttcttcctc
tacagcaagctcaccgtggacaagagcaggtggcagcagggyg
aacgtcttctcatgctccgtgatgcatgaggctctgcacaac
cactacacgcagaagagcctctccctgtctccgggtaaa

SEQ. Lambda | tcctatgtgctgactcagccaccctcagcgtctgggaccccc

ID Light gggcagagcgtcaccatctcttgttctggaagcacctccaac
NO: chain atcggaagtcattatgtgttctggtaccagcagctcccagga
118 (nt) acggcccccagactcectcatctataggaatcatcagcggccc

tcaggggtccctgaccgactctctggctccaagtctggcacc
tcagcctccctggccatcagtgggctccggtccgaggatgag
gctgattattactgtgcagtgtgggatgacaccctgagtggc
tgggtgttcggcggagggaccaagctgaccgtcctaggtcag
cccaaggctgccccctcggtcactctgttcccgccctcctct
gaggagcttcaagccaacaaggccacactggtgtgtctcata
agtgacttctacccgggagccgtgacagtggcecctggaaggca
gatagcagccccgtcaaggcgggagtggagaccaccacaccce
tccaaacaaagcaacaacaagtacgcggccagcagctatctg
agcctgacgcctgagcagtggaagtcccacagaagctacagc
tgccaggtcacgcatgaagggagcaccgtggagaagacagtg
gcccctacagaatgttca
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SEQ. I1gG- qvqlvqsgaevkkpgssvkvsckasggtfssyaiswvrqapg
ID heavy gglewmggiipifgtanyagkfggrvtmtrdtststvymels
| NO: chain slrsedtavyycarrggsyfdywgggtlvtvssastkgpsvE
119 (aa) plapsskstsggtaalgc1vkdyfpepvtvswnsgaltsgvh

tfpavlgssglyslssvvtvpssslgtgtyicnvnhkpsntk
vdkkvepkscdkthtcppcpapellggpsvEilfppkpkdtlm
isrtpevtcvvvdvshedpevkinwyvdgvevhnaktkpree
qynstyrvvsvltvlhqdwlngkeykckvsnka1papiekti
skakggprepgvytlppsrdeltkngvsltclvkgfypsdia
vewesnggpennykttppvldsdgsfflyskltvdksrwgqgg
nvfscsvmhealhnhytgkslslspgk

SEQ. Lambda syvltqppsasgtpgqsvtiscsgstsnigshyvfwydqlpg

ID Light- | taprlliyrnhgrpsgvpdrlsgsksgtsaslaisglrsede

NO: chain adyycavwddtlsgwvfgggtkltvlggpkaapsvtlfippss

120 (aa) eelgankatlvclisdfypgavtvawkadsspvkagvetttp
skgsnnkyaassylsltpegwkshrsyscgvthegstvektv
aptecs

Table 14. Sequences of 9E1D.IgG.

SEQ. | IgGl caggtccagcttgtacagtctggggctgaggtgaagaagcct
ID heavy gggtcctcggtgaaggtctcctgcaaggettctggaggcace
NO: chain ttcagcaactatgctatcagctgggtgcgacaggcccctgga
121 (nt) caagggcttgagtggatgggagggatcatccctatctttggt

acagcaaactacgcacagaagttccagggcagagtcacgatt
acCgcggacgaatccacgagcacagcctacatggagctgagc
agcctgagatctgaggacacggccgtgtattactgtgcgaga
cgcggtgggagctactttgactactggggccagggaaccctg
gtcaccgtctcttcagcctccaccaagggcccatcggtcttc
cccctggcaccctceccteccaagagcacctctgggggcacagecg
gccctgggctgcctggtcaaggactacttccccgaaccggtg
acggtgtcgtggaactcaggcgccctgaccagcggcgtgcac
accttcccggctgtecctacagtcctcaggactctacteccte
agcagcgtggtgaccgtgccctccagcagcttgggcacccag
acctacatctgcaacgtgaatcacaagcccagcaacaccaag
gtggacaagaaagttgagcccaaatcttgtgacaaaactcac
acatgcccaccgtgcccagcacctgaactcctggggggaccg
tcagtcttcctcttccccccaaaacccaaggacaccctcatg
atctcccggacccctgaggtcacatgegtggtggtggacgtyg
agccacgaagaccctgaggtcaagttcaactggtacgtggac
ggcgtggaggtgcataatgccaagacaaagcCgcgggaggag
cagtacaacagcacgtaccgtgtggtcagcgtcctcaccgtc
ctgcaccaggactggctgaatggcaaggagtacaagtgcaag
gtctccaacaaagccctcccagcccccatcgagaaaaccatc
tccaaagccaaagggcagccccgagaaccacaggtgtacacc
ctgcccccatcccgggatgagctgaccaagaaccaggtcagc
ctgacctgcctggtcaaaggcttctatcccagcgaCatcgcc
gtggagtgggagagcaatgggcagccggagaacaactacaag
accacgcctcccgtgctggactccgacggctccttcttcctc
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tacagcaagctcaccgtggacaagagcaggtggcagcagggg
aacgtcttctcatgctccgtgatgcatgaggctctgcacaac
cactacacgcagaagagcctctccecctgtctccgggtaaa

SEQ.

ID
NO:
122

Lambda
Light-
chain
(nt)

cagcctgtgctgactcagcccceccctcagecgtctgggaccccce
gggcagagggtcaccatctcttgttctggaggcggatccaac
atcggaagaaggtttgtaaactggtaccagcagctcccagga
acggcccccaaactcctcatctataggaataatcagcggccc
tcaggggtccctgaccgattctctggctccaagtctggcacc
tcagcctccctggtcatcagtgggctcececggtecgaggatgag
gctgattattactgtgcagcatgggatgacagcctgagtggt
tgggtgttcggcggagggaccaagctgaccgtcecctaggtcag
cccaaggctgcccectecggtcactcectgttecegecctectct
gaggagcttcaagccaacaaggccacactggtgtgtctcata
agtgacttctacccgggagccgtgacagtggcctggaaggca
gatagcagccccgtcaaggcgggagtggagaccaccacaccc

‘tccaaacaaagcaacaacaagtacgcggccagcagctatctg
agcctgacgcctgagcagtggaagtcccacagaagctacagce
tgccaggtcacgcatgaagggagcaccgtggagaagacagtg
gcccctacagaatgttca

SEQ.

ID
NO:
123

IgG-
heavy
chain
(aa)

gvglvgsgaevkkpgssvkvsckasggtfsnyaiswvrgapg
qglewmggiipifgtanyaqqugrvtitadeststaymels
slrsedtavyycarrggsyfdywgggtlvtvssastkgpsvE
plapsskstsggtaalgclvkdyfpepvtvswnsgaltsgvh
tfpavlqssglyslssvvtvpssslgtqtyicnvnhkpsntk
vdkkvepkscdkthtcppcpapellggpsvilfppkpkdtlm
isrtpevtcvvvdvshedpevkinwyvdgvevhnaktkpree
qynstyrvvsvltvlhqdwlngkeykckvsnkalpapiekti
skakgqprepqutlppsrdeltknqultclvkgfypsdia
vewesnggpennykttppvldsdgsfflyskltvdksrwgqag
nvfscsvmhealhnhytgkslslspgk

SEQ.

ID
NO:
124

Lambda
Light-
chain
(aa)

qpvltqppsasgtpgqrvtiscsgggsnigrrfvnquqlpg
tapklliyrnnqrpsgvpdrfsgsksgtsaslvisglrsede
adyycaawddslsngfgggtkltvlgqpkaapsvtlfppss
eelgankatlvclisdfypgavtvawkadsspvkagvetttp
skqsnnkyaassylsltpeqwkshrsyscqvthegstvektv
aptecs

Table 15. Apparent affinities (/Csp and Kp) as determined from binding inhibition

experiments
DT-40-CCR4’ DT-40-CCR4" CCRF-CEM
IgG (bio-IgG 9E 3.3nM) | (bio-IgG 9E 0.7 nM) | (bio-IgG 9E 0.7 nM)
ICs (nM) Kp (nM) ICsy (nM) Kp (nM) ICsqo (nM) Kp (nM)
9E 3.50 2.1 0.44 0.39 0.38. 0.33
9E10J 0.15 0.09 0.06 0.05 0.07 0.06
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Table 16. Calculated antibody concentratlons leading to 50% TARC-induced CCR4
signalling (/Cso), as determined in Ca"" flux assays

ICs; (ng/ml)

. Conc. range: Conc. range:
Antibody (IgG1) Conc. range:
1-100 ng/ml 0.1-10 pg/ml 3.2 ng/mi-10 pg/ml
21.36 ng/ml 46.15 ng/ml
9 (142.4 pM) (307.7 pM) ND
9E10J 7.24 ng/ml 7.88 ng/ml . 6.48 ng/ml
(48.3 pM) (52.5 pM) (43.3 pM)
Table 17. Comparative ADCC activity of anti-CCR4 antibodies.
9E 9E10J KM3060var
ECs, Max killing ECs, Max killing ECs Max killing
(ng/mL) (%) (ng/mL) (%) (ng/mL) (%)
Mean 185.6 31.8. 247 42.4 367.0 38.8
SD 199.4 2.3 15.9 15.6 549.2 9.9
N 2 2 5 5 3 "3

Table 18. Comparative ADCC activity of defucosylated 9E1 0J-anti-CCR4 antibody in
comparison to unmodified 9E10J and comparator KM3060var. )

9E10J 9E10J-defucosylated KM3060var
ECo | Max ECso k'i\fl?r):g ECso kwl?:g
(ng/mL) | killing (%) | (ng/mL) |- (%) (ng/mL) (%)
Mean 8.7 21.4 2.1 78.3 405 40.4
SD 0.4 16.9 0.83 13.5 466 17.5
N 2 2 4 4 3 3

Table 19. Apparent affinities (Kp) as determined by saturated antibody titration on

cells in flow cytometry.

scFv DT-40 CCR4" 1gG CCRF-CEM
9E 495 2.67 nM 9E 0.37+0.11 nM
9E1D 5.22+1.61 nM 9E1D ND
9E10J 1.17 £ 0.45 nM 9E10J 0:13 £ 0.03 nM

ND, not determined;




WO 2010/142952

-136 -

PCT/GB2010/001130

- Table 20 /Cs, values and calculated affinities (Kp) for cell-binding inhibition of

biotinylated MDC, as determined from competition binding experiments on DT-40-
CCR4" and CCRF-CEM cells.

o DT-40-CCR4" cells CCRF-CEM cells
Inhibitor ICs, (NM) Ko (nM) ICs (NM) Ko (nM) .
11.21 020
IgG 9E10J 0.76 0.01 6.28
_ 39.97
10.10 0.18
MDC 10.76 0.19 10.12
69.36

Table 21 /Cs, values for cell-binding inhibition of biotinylated TARC, as determined
from competition binding experiments on DT-40-CCR4" and CCRF-CEM cells.

. ICs (nM)
Inhibitor DT-40-CCR4’ cells CCRF-CEM cells
IgG 9E10J %i% ‘:{2567
40.93 43.44
TARC 34 .58 31.79

Table 22 Overview of determined ICxsp-values from competition experiments.

ICsp (NM)
9E10J 9E
MDC 0.85 3.9
TARC 2.5 12.5
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Table 23 :
Consensus sequences CDR/variable | SEQ
X = any amino acid chain ID NO:
XYAXS (X1 YAX,S) Heavy CDR1 | 125
SINYAIMS Heavy CDR1 | 126
XIXPXXGXXNYAQKFQG Heavy CDR2 | 127
G/AIYS P I/S FIG G T/S A/T NYAQKFQG Heavy CDR2 | 128
SGXXSNIGXXXVX Light CDR1 129
SG S/G T/G SNIG S/RR/H Y/F V Y/F- Light CDR1 130
RNXQRPS Light CDR2 131
RN H/N QRPS Light CDR2 132

| AXWDDXLSGWY Light CDR3 133
A A/VWDD S/T LSGWY Light CDR3 134
XYAIS heavy CDR1 135
S/N YAIS heavy CDR1 | 136
AXWDDXLSGWV Light CDR3* | 137
A AV WDD S/T LSGWV v Light CDR3 * [ 138
QVQLVQSGAEVKKPGSSVKVSCKASGGTFSXYAISWVR | VH 139
QAPGQGLEWMGGIIPIFGTANYAQKFQGRVTXTXDXSTS
TXYMELSSLRSEDTAVYYCARRGGSYFDYWGQGTLVTV
SS
XXVLTQPPSASGTPGQXVTISCSGXXSNIGXXXVXWYQQ | VL 140
LPGTAPXLLIYRNXQRPSGVPDRXSGSKSGTSASLXISGL
RSEDEADYYCAXWDDXLSGWVFGGGTKLTVL

* corrected sequence

Table 24

IgGs alone

% aggregation

9E10J

Non detectable

Anti-GFP

Non detectable

ligands alone

TARC

98%

MDC.

97%

Preincubation IgGsl/ligands

anti-GFP/TARC

88%

anti-GFP/MDC

100%

9E10J/TARC

82%

9E10J/MDC

93%

Mixture IgG/ligands

9E10J/TARC

100%

9E10J/MDC

78%
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Claims
1. An isolated human antibody which binds to an epitope in the extracellular

- domain of human CC chemokine receptor 4 (CCR4) and which is capable of
iﬁhibiting the binding of macrophage-derived chemokine (MDC) and/or thymus and
activation regUIateq chemokine (TARC) to CCR4.

2. An antibody according to claim 1, wherein said antibody
(a) comprises at least one heavy chain variable region that comprises three CDRs
and at least one light chain variable region that comprises three CDRs,
wherein said heavy chain variable region comprises
(i) a variable heavy (VH) CDR1 that has the amino acid sequence of SEQ ID
NO: 125;
(i) a VH CDR2 that has the amino acid sequence of SEQ ID NO: 127; and
(iii) a VH CDR3 that has the amino acid sequence of SEQ ID NO: 9; or
(b) comprises at least one heavy chain variable region that corhprises three CDRs
and at least one light chain variable region that comprises three CDRs and is an

antibody which can compete with antibody (a) for binding to human CCR4.

v3. An antibody according to claim 2, wherein .
(i) at position 1 of SEQ ID NO: 125, X=S or N; and/or
. at position 4 of SEQ ID NO: 125, X=1 or M; and/or
(ii) at position 1 of SEQ ID NO: 127, X= G or A; and/or
at position 3 of SEQ ID NO: 127, X= | or S; and/or
at position 5 of SEQ ID Né: 127, X=1or S; and/or
at position 6 of SEQ ID NO: 127, X=F or G; and/or
at position 8 of SEQ ID NO: 127, X=T or S; and/or
at position 9 of SEQ ID NO: 127, X=Aor T.

4, An antibody according to claim 2 or 3, wherein said light chain variable region
of said antibody (a) and/or (b) comprises: »
(iv)a variable light (VL) CDR1 that has:the amino acid sequence of SEQ ID NO: 129;
(v\) a VL CDR2 that has the amino acid sequence of SEQ ID NO: 131; and/or

~(vi) a VL CDR3 that has the amino acid sequence of SEQ ID NO: 137 or 133.

5. An antibody according to claim 4, wherein
(iv) at position 3 of SEQ ID NO: 129, X= S or G; and/or
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at position 4 of SEQ 1D NO: 129, X=T or G: and/or

at position 9 of SEQ ID NO: 129, X= S or R; and/or

at position 10 of SEQ ID NO: 129, X= R or H; and/or

at position 11 of SEQ ID NO: 129, X=Y or F; and/or

at position 13 of SEQ ID NO: 129, X=Y or F; and/or

(v) at position 3 of SEQ ID NO: 131, X=H or N; and/or

(vi) at position 2 of SEQ ID NO: 133 or 137, X= A or V; and/or
at position 6 of SEQ ID NO: 133 0r 137, X=SorT.

6. An antibody according to any one of claims 2 to 5, wherein said heavy chain
variable region of said antibody (a) and/or (b) comprises

(i) a variable heavy (VH) CDR1 that has the amino acid sequence of SEQ ID NO:
126, 135 or 136;

(i) a VH CDR2 that has the amino acid sequence of SEQ 1D NO: 128; and/or

(iii) a VH CDR3 that has the amino acid sequence of SEQ ID NO: 9; and/or

wherein said light chain variable region of said antibody (a) or (b) comprises

(iv) a variable light (VL) CDR1 that has the amino acid sequence of SEQ ID NO: 130;
(v) a VL CDR2 that has the amino acid sequence of SEQ ID NO: 132; and/or

(vi)a VL CDR3 that has the amino acid sequence of SEQ ID NO: 134 or 138.

7. An antibody according to any one of claims 2 to 6,

wherein said heavy chain variable region of said antibody (a) and/or (b)
comprises

(i) a variable heavy (VH) CDR1 that has the amino acid sequence of SEQ ID
NO: 101 or 7,

(i)a VH CDR2 that has the amino acid sequence of SEQ ID NO: 8; and/or

(iii) a VH CDR3 that has the amino acid sequence of SEQ ID NO: 9; and/or

wherein said light chain variable region of said ahtibody (a) or (b) comprises:

(iv) a variable light (VL) CDR1 that has the amino acid sequence of SEQ ID
NO: 10 or 108; ‘ |

(v) a VL CDR2 that has the anﬁino acid sequence of SEQ ID NO: 11 or 110;

and/or _
(vi) a VL CDR3 that has the amino acid sequence of SEQ ID NO:12 or 112.

8. An antibody according to claim 7,
wherein said heavy chain variable region of sald antibody (a) and/or (b)

comprises’
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(i) a variable heavy (VH) CDR1 that has the amino acid sequence of SEQ ID

NO: 101;
| (i) a VH CDR2 that has the amino acid sequence of SEQ ID NO: 8; and

(iii) a VH CDR3 that has the amino acid sequence of SEQ ID NO: 9; and

wherein said light chain variable region of said antibody (a) or (b) comprises:

(iv) a variable light (VL) CDR1 that has the amino acid sequence of SEQ ID
NO: 10; A '

(viaVL CDR2 that has the amino acid sequence of SEQ ID NO: 11; and

(vi) a VL CDR3 that has the amino acid sequence of SEQ ID NO: 12;

9. An antibody according to claim 7,

wherein said heavy chain variable region of said antibody (a) and/or (b)
comprises |

(i) a variable heavy (VH) CDR1 that has the amino acid sequence of SEQ ID
NO: 7; | ‘

(i) a VH CDR2 that has the amino acid sequence of SEQ ID NO: 8; and

(i) a VH CDR3 that has the amino acid sequence of SEQ ID NO: 9; and

wherein said light chain variable region of said antibody (a) or (b) comprises:

(iv) a variable light (VL) CDR1 that has the amino acid sequence of SEQ ID
NO: 108;

(v) a VL CDR2 that has the amino acid séquence of SEQ ID NO: 110; and

(vi) a VL CDR3 that has the amino acid sequence of SEQ ID NO: 112.

10.  An antibody according to claim 7,

wherein said heavy chain variable regioh of said antibody (a) and/or (b)
comprises '

(i) a variable heavy (VH) CDR1 that has the amin'o acid séquencé of SEQ ID
NO: 7;

(i) a VH CDR2 that has the amino acid sequence of SEQ ID NO: 8; and

(iii) a VH CDR3 that has tﬁé amino acid sequence of SEQ ID NO: 9; and

wherein said light chain variable region of said antibody (a) or’(b) comprises:

(iv) a variable light (VL) CDR1 that has the amino acid sequence of SEQ ID
NO: 10; |

(v) a VL CDR2 that has the amino acid sequence of SEQ ID NO: 11; and

(vi) a VL CDR3 that has the amino acid sequence of SEQ ID NO: 12.

11. An antibody according to any one of claims 1 to 10, wherein said antibody
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(a) has a VH domain having the sequence of SEQ ID NO: 139 or a sequence having
at least 70% identity thereto and/or a VL domain having the sequence of.SEQ ID NO:

140 or a sequence having at least 70% identity thereto.

12. An antibody according to claim 11, wherein said antibody

(a) has a VH domain having the sequence of SEQ ID NO: 71 or 105 or a sequence
having at least 70% identity to one of said sequences and/or a VL domain having the
sequence of SEQ ID NO: 72 or 115 0r a sequencé having at least 70% identity to

i

one of said sequences.

13. An antibody according to claim 2,

wherein said heavy chain variable region .of said antibody (b) comprises

(i) a variable heavy (VH) CDR1 that has the amino acid sequence of SEQ ID.
NO: 125 or a sequence substantially homologous thereto;

(iiy a VH CDR2 that has the amino acid sequence of SEQ ID NO: 127 or a
sequence substantially homologous thereto; and/or

(i) a VH CDR3 that has the amino acid sequence of SEQ'ID NO: 9 or a
sequence subSténtially homologous thereto; and/or

wherein said light chain variable region of said antibody (b) comprises:

(iv) a variable light (VL) CDR1 that has the amino écid sequence of SEQ ID
NO: 129 or a sequence substantially homologous thereto; '

(v) a VL CDR2 that has the amino acid sequence of SEQ ID NO: 131 or a
sequence substantially homologous thereto; and/or
(vi) a VL CDR3 that has the amino acid sequence of SEQ ID NO: 133 or 137 ora
sequence substantially homologous thereto

wherein said substantially homologous sequence is a sequehce containing 1,
2 or 3 amino acid substitutions compared to the given CDR sequence, or wherein
said substantially homologous sequence is a sequence containing conservative

amino acid substitutions of the given CDR sequence.

14. An antibody according to any one of claims 2-13, wherein said antibody (b)

can bind to substantially the same epitope as said antibody (a).

15. An antibody according to any one of claims 1-14, wherein said antibody is a

fully human antibody.
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16. The antibody of any one of claims 1-15, wherein said antibody comprises all
or a portion of an antibody heavy chain constant region and/or an antibody light chain

constant region.
17. - The antibody of claim 16, wherein said antibody is an IgG antibody.

18. The antibody of claim 16 or claim 17, wherein said antibody comprises a
heavy cha-in that comprises the amino acid sequence of SEQ ID NO: 91, 119 or 123
‘ ora sequence having at least 70% identity thereto and a light chain that comprises
the amino acid sequence of SEQ ID NO: 92, 120 or 124 or a sequence having at

least 70% identity thereto.

19. The antibody of any one of claims 1-18, wherein said antibody has an altered

glycosylation pattern.

20. The antibody of claim 19, wherein at least 10, 20, 30, 40 50, 60, 75, 80, 85,
90, 91, 92, 93, 94, 95, 96, 97, 98 or at least 99% of the total complex N-glycoside-
linked sugar chains bound to the Fc region of said antibody are sugar chains in which

fucose is not bound to N- acetylglucosamine in the reducing end in the sugai' chain.

21. The antibody of any one of claims 1-20, wherein said antibody is an antigen

binding fragment of an antibody. }

22 The antibody of claim 21, wherein said antigen binding fragment of said
antibody is a Fab', Fab, F(ab'),, single domain antibody, TandAbs dimer, Fv, scFv,
dsFv, ds-scFv, Fd, linear antibody, minibody, diabody, bispecific antibody fragment,
bibody, tribody, sc-diabody, kappa(lamda) body, BiTE, DVD-Ig, SIP, SMIP, DART or

a small antibody mimetic comprising one or more CDRs.

23. An immunoconjugate comprising the antibody of any one of claims 1-22

attached to at least a second therapeutic or diagnostic agent.

24 The immunoconjugate of claim 23, wherein said antibody is attached to at
least a radiotherapeutic agent, chemotherapeutic agent, anti-angiogenic agent,
apoptosis-inducing agent, anti-tubulin drug, anti-cellular or cytotoxic agent, steroid,
cytokine antagonist, cytokine expression inhibitor, chemokine antagonist, chemokine

' expression inhibitor, anti-inflammatory corticosteroid or NSAIDs, coagulant or anti-viral
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agent, wherein said anti-viral agent is preferably selected from the group consisting
of a nucleoside, a nucleosivde reverse transcriptase inhibitor, a non-nucleoside

reverse transcriptase inhibitor and a protease inhibitor.

25. The immunoconjugate of claim 24, wherein said antibody is attached to
daunorubicin, Doxorubicin, Cytérabine, 6-thioguanine, Mitoxantrone, busulfan
(Myleran®), dasatinib (Sprycel™), prednisone, vincristine sulfate (Oncovin®),

Chlorambucil, Fludarabine, Pentostatih or Cladribine.

26. A composition comprising at least a first antibody according any one of claims
1-22 or an immunoconjugate thereof, wherein said composition is preferably a

pharmaceutically acceptable composition.

27. The composition of claim 26, wherein said composition is a liposome or

nanoparticle composition.

28. The_ compésition of claim 26 or 27, wherein said composition further

comprises at least a second therapeutic agent.

29. © A nucleic acid molecule comprising a nucleotide sequence region encoding

the antibody of any one of claims 1-22.

30. The nucleic acid molecule of claim 29, wherein said nucleotide sequence
region has the nucleotide sequence of SEQ ID NO: 103, SEQ ID NO: 113 or SEQ ID

NO: 45, or a sequence having at least 70% identify to any of said sequences.
31. An expression vector comprising the nucleic acid molecule of claim 29 or 30.

32. A host cell comprising the nucleic acid molecule of claim 29 or 30 or the

expression vector of claim 31.

33. A virus comprising the nucleic acid molecule of claim 29 or 30 or the

expression vector of claim 31.

34. A kit comprising, in at least a first container:
(a) the antibody of any one of claims 1-22;

(b)  the immunoconjugate of any one of claims 23-25;
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(c) the composition of any one of claims 26-28;
(d) the nucleic acid molecule of claim 29 or 30;
(e) the expression vector of claim 31;

(f the host cell of claim 32; or

(g) the virus of claim 33.

35. A method of producing an antibody, comprising:
(a) culturing a host cell that comprises the expression vector of claim 31
under conditions effective to express the encoded antibody; and

(b) obtaining the expressed antibody from said host cell.

36. A method of binding CCR4, comprising contacting a composition corhprising
CCR4 with the antibody of any one of claims 1-22, or an immunoconjugate thereof.

37. A method of defecting CCRA4, comprising contacting a composition suspected
of containing CCR4 with the antibody of any one of claims 1-22, or an
immunoconjugate thereof, under conditions effective to allow the formation of
complexes between said CCR4 and said antibody and detecting said complexes so °

formed.

38. A method of diagnosing a disease associated with CCR4 expression in an
animal, comprising the step of:
(a) contacting an animal or a test sample taken from said animal with an antibody

of any one of claims 1-22 or an immunoconjugate thereof.

39. The method of claim 38, further comprising the step of

(b) méasuring or detecting the presence and/or amount and/or location of
antibody-antigen complex in the animal or test sample; and, optionally

(c) comparing the presence and/or amount of antibody-antigen complex in the

animal or test sample to a control.

40. The method of claim any one of claims 38-39, wherein said disease
associated with CCR4 is a disease mediated by CCR4 or characterised by aberrant

proliferation of CCR4+ cells.

41.  The method of-claim any one of claims 38-40, wherein said disease is cancer,

an immune disorder or an inflammatory condition.
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42. The method of any one of claims 38-41, wherein an increased amount of

CCR4 in said test sample is diagnostic for tumour cells.

43.  The method of any one of claims 38-41, wherein an increased amount of

CCR4 in said test samplé is diagnostic for virally infected cells.

44, The method of claim 43, wherein said virally infected cells are infected with a

virus selected from Epstein-Barr and HIV.

45. The method of any one of claims 38-44, wherein said antibddy is a bivalent or
polyvalent antibody comprising at least two antigen binding fragments of said

antibody.

46. A method of reducing immunosuppression.associated with CCR4 expression
in an animal, comprising administering to said animal the éntibody of any one of
claims 1-22, or an immunoconjugate thereof, in an amount effective to form
complexes between said antibody and CCR4 in said animal, thereby reducing

immunosuppression associated with CCR4 expression in an animal.
47. The method of claim 46, wherein said animal has cancer or a viral infection.

48. The method of any one of claim's 38-47, wherein said animal is a human

subject.

49, A method for treating a diseése associated with CCR4 expression or activity
in an animal, comprising administering to an animal with said disease a
therapeutically effective amount of the antibody of any one of claims 1-22, or an

immunoconjugate thereof.

50. The method of claim 49, wherein said disease associated with CCR4
expression or activity is a disease mediated by CCR4 or characterised by aberrant

proliferation of CCR4+ cells.

51. The method of any one of claims 49-50, wherein said disease is cancer, an
inflammatory disease, an immune disease or an infection, preferably selected from

(a) allergic diseases such as systemic énaphylaxis or hypersensitivity responses,
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drug allergies, allergic bronchopulmonary aspergillosis (ABPA), insect sting allergies
and food allergies, (b) inflammatory bowel diseases, such as Crohn's disease,
ulcerative colitis, iIe_itis and enteritis, (c) vaginitis, (d) psoriésis and inflammatory
dermatoses such as dermatitis, eczema, atopic dermatitis, allergic contact dermatitis,
urticaria and pruritus, (e) vasculitis, (f) spondyloarthropathies, (g) scleroderma, (h)
asthma and respiratory allergic diseases such as allergic asthma, allergic rhinitis,
chronic obstructive pulmonary disease, hypersensitivity lung diseases and the like, (i)
autoimmune diseases, such as arthritis (including rheumatoid and psoriatic), muitiple
sclerosis, systemic lupus erythematosus; type | diabetes, glomerulonephritis, and the
like, (j) graft rejection (including allograft rejection and graft-v-host disease), and (k)
other diseases in which undesired inflammatory responses are to be inhibited, such
as atherosclerosis, myositis, T-cell mediated neurodegenerative diseases, multiple
sclerosis, encephalitis, meningitis, hepatitis, nephritis, sepsis, sarcoidosis, allergic
conjunctivitis, otitis, Castleman's disease, sinusitis, LPS-induced endotoxic shock,

- Behcet's syndrome and gout, (1) cancers, preferably Breast cancer, Colorectal cancer,
Esophageal cancer, Gastric cancer, Hepatocellular carcinoma, Lung cancer,
Melanoma, Ovarian cancer, Pancreatic cancer, Adult T-cell leukemia/lymphoma
(ATL), Peripheral T-cell lymphoma, unspecified Diffuse large B-cell lymphoma,
Hodgkin's lymphoma, B-cell chronic lymphocytic leukemia, Mycosis fungoides,
Sézary syndrome (m) infections such as Epstein-Barr virus (EBV) infection, HIV

infection and other viral infections:

'52. The method of any one of claims 49-51, wherein said antibody or
immunoconjugate thereof causes one or more of the following:
(a) induction of ADCC of CCR4+ cells;
(b) inhibition of the binding of CCR4 to at least MDC and/or TARC
(c)  induction of anti tumour effects in vivo;
(d)  induction of CDC of CCR4+ cells;
(e) inhibition CCR4-mediated cellular responses to a CCR4 ligand, preferably
inhibition of the increase in intracellular calcium ion concentration in response to a
CCR4 ligand. '

53. The method of any one of claims 49-52, further comprising administering a

second therapeutic agent to said animal.
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54. The method of any one of claims 49-53, wherein said antibody or

immunoconjugate thereof reduces immunosuppression associated with CCR4 in said

animal.

55. The method of any one of claims 49-54, wherein said antibody is a bivalent or
polyvalent antibody comprising at least two antigen binding fragmehts of said

antibody.

56. The method of any one of claims 49-53, wherein said animal is a human

subject.

57. The antibody of any one of claims 1-22, or an immunoconjugate thereof, for

use in 'therapy, imaging or diagnosis.

58. The antibody or immunoconjugate of claim 57 for use in therapy, imaging or

diagnosis of a condition associated with CCR4 expression or activity.

59. The antibody or immunoconjugate of claim 58, wherein said condition
associated with CCR4 is a disease mediated by CCR4 or characterised by aberrant

proliferation of CCR4+ cells.

60. The antibody or immunoconjugate of claim 59, wherein said disease is cancer,

an inflammatory disease, an immune disease or an infection

61  Use of an antibody in accordance with any one of claims 1-22 in the
manufacture of a medicament for treating a viral infection, preferably selécted from
(a) allergic diseases such as systemic anaphylaxis or hypersensitivity responses,
drug allergies, allergic bronchopulmonary aspergillosis (ABPA), insect sting allergies
and food allergies, (b) inflammatory bowel diseases, such as Crohn's disease,
ulcerative colitis, ileitis and enteritis, (c) vaginitis, (d) psoriasis and inflammatory 7
dermatoses such as dermatitis, eczema, atopic dermatitis, allergic contact dermatitis,
urticaria and pruritus, (e) vasculitis, (f) spondyloarthropathies, (g) scleroderma, (h)
asthma and respiratory allergic diseases such as allergic asthma, allergic rhinitis, -
chronic obstructive pulmonary disease, hypersensitivity lung diseases and the like, (i)
autoimmune diseases, such as arthritis (including rheumatoid and psoriatic), multiple
sclerosis, systemic lupus erythematosus, type | diabetes, glomerulonephritis, and the
like, (j) graft rejection (including allograft rejection and graft-v-host disease), and (k)
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other diseases in which undesired inflammatory responses are to be inhibited, such

- as atherosclerosis, myositis, T-cell mediated neurodegenerative diseases, multiple
sclerosis, encephalitis, meningitis, hepatitis, nephritis, sepsis, sarcoidosis, allergic
conjunctivitis, otitis, Castleman's disease, sinusitis, LPS-induced endotoxic shock,
Behcet's syndrome and gout, (1) canc-ers, preferably Breast cancer, Colorectal cancer,
Esophageal cancer, Gastric cancer, Hepatocellular carcinoma, Lung cancer,
Melanoma, Ovarian cancer, Pancreatic cancer, Adult T-cell leukemia/lymphoma
(ATL), Peripheral T-cell ymphoma, unspecified Diffuse large B-cell ymphoma,
Hodgkin’s lymphoma, B-cell chronic lymphocytic leukemia, Mycosis fungoides,
Sézary syndrome (m) infections such as Epstein-Barr virus (EBV) infection, HIV

infection and other viral infections.
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scFv 17G Nueleotide sequence

CCATGGCCCAGGTGCAGCTGGTGGAGTCTGGGGGAGGCTTGGTACAGCCTGGGGGGTCC
NcoI  |--==co--- V, Start (SEQ ID No.34 Start) ’

»CTGAGACTCTCCTGTGCAGCCTCTGGATTCACCTTTAGCAGCTATGCCATGAGCTGGGT
CCGCCAGGCTCCAGGGAAGGGGCTGGAGTGGGTCTCAGCTATTAGTéGTAGTGGTGGTA
GCACATACTACGCAGACTCCGTGAAGGGCCGGTTCACCATCTCCAGAGACAATTCCAAG
AACACGCTGTATCTGCAAATGAACAGCCTGAGAGCCGAGGACACGGCCGTATATTACTGA

TGCGAATATTAGGTATAGTGCAGGCTACTGGGGCCAGGGAACCCTGGTCACCGTCTCCT

CAAAGCTTTCAGGGAGTGCATCCGCCCCAAAACTTGAAGAAGGTGAATTTTCAGAAGCA

--lHlndIII——Llnker Start : Linker End ------
CGCGT%TCCTATGTGCTGACACAGCCACCCTCAGCGTCTGGGACCCCCGGGCAGAGGGT

-MIul- |--=--- V, Start
CACCATCTCTTGTTCTGGAAGCAGCTCCAACATCGGAAGTAATTATGTATACTGGTACC

AGCAGCTCCCAGGAACGGCCCCCAAACTCCTCATCTATAGGAATAATCAGCGGCCCTCA
GGGGTCCCTGACCGATTCTCTGGCTCCAAGTCTGGCACCTCAGCCTCCCTGGCCATCAG
TGGGCTCCGGTCCGAGGATGAGGCTGATTATTACTGTGCAGCATGGGATGACCGCCTGA

GTGGTTGGGTGTTCGGCGGAGGGACCAAéCTGACCGTCCTAGCGGCCGCTGGATCCGAA

(SEQ ID No. 34 End)V,End----- | wNotz
CAAAAGCTGATCTCAGAAGAAGACCTAAACTCACATCACCATCACCATCAC
cMyc-tag Hisg-tag

scFv 17G Amino acid sequence

QVQLVESGGGLVQPGGSLRLSCAASGFTFSSYAMSWVRQAPGKGLEWVSA|SGS
[ ——— Vv, Start (SEQ ID No.35 Start)

GGSTYYADSVKGRFTISRD NSKNTLYLQM NSLRAEDTAVYYCANIRYSAGYWGQG
TLVTVSSKLSGSASAPKLEEGEFSEARVSYVLTQPPSASGTPGQRVTISCSGSSSNI
Vg End-|--mcmomommo Linker---------- [ — V., Start
GSNYVYWYQQLPGTAPKLUYRNNQRPSGVPDRFSGSKSGTSASLAlSGLRSEDE
ADYYCAAWDDRLSGWVFGGGTKLTVLAAAGSEQKL|SEEDLNSHHHHHH

(SEQ ID No. 35 end) VpEnd------ |

Figure 1
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scFv 9E Nucleotide sequence

CCATGGCCCAGGTCCAGCTTGTACAGTCTGGGGCTGAGGTGAAGAAGCCTGGGTCCTCG
NcoI |--===-----V, Start (SEQ ID No.45 Start)

GTGAAGGTCTCCTGCAAGGCTTCTGGAGGCACCTTCAGCAACTATGCTATCAGCTGGGT
GCGACAGGCCCCTGGACAAGGGCTTGAGTGGATGGGAGGGATCATCCCTATCTTTGGTA
CAGCAAACTACGCACAGAAGTTCCAGGGCAGAGTCACGATTACCGCGGACGAATCCACG

AGCACAGCCTACATGGAGCTGAGCAGCCTGAGATCTGAGGACACGGCCGTGTATTACTG

--lHindIII—-Linker3Start . Linker End---
GCACGCGTATCCTATGTGCTGACTCAGCCACCCTCAGCGTCTGGGACCCCCGGGCAGAG

meeeMIuT -~ |~ e Vv, Start

CGTCACCATCTCTTGTTCTGGAAGCACCTCCAACATCCGAAGTCATTATGTGTTCTGGT

ACCAGCAGCTCCCAGGAACGGCCCCCAGACTCCTCATCTATAGGAATCATCAGCGGCCC

TCAGGGGTCCCTGACCGACTCTCTGGCTCCAAGTCTGGCACCTCAGCCTCCCTGGCCAT

CAGTGGGCTCCGGTCCGAGGATGAGGCTGATTATTACTGTGCAGTGTGGGATGACACCC

TGAGTGGCTGGGTGTTCGGCGGAGGGACCAAGCTGACCGTCCTAGCGGCCGCTGGATCC
' (SEQ ID No. 45 End)V,End----- | NotI

GAACAAAAGCTGATCTCAGAAGAAGACCTAAACTCACATCACCATCACCATCAC
cMyc-tag - Hisg~tag

scFv 9E Amino acid sequence

QVQLVQSGAEVKKPGSSVKVSCKASGGTFSNYAISWVRQAPGQGLEWMGGIIPIF
[ ——— V, Start (SEQ ID No.46 Start)’

GTANYAQKFQGRVTITADESTSTAYM ELSSLRSEDTAVYYCARRGGSYFDYWGQ
GTLVTVSSKLSGSASAPKLEEGEFSEAR VSYVLTQPPSASGTPGQSVTl_SCSGSTS
Vg End-|-----—--—-- Linker---------- [ —— Vv, Start

NIGSHYVFWYQQLPGTAPRLLIYRNHQRPSGVPDRLSGSKSGTSASLAISGLRSED

EADYYCAVWDDTLSGWVFGGGTKLTVLAAAGSEQKLISEEDLNSHHHHHH
(SEQ ID No. 46 end) Vi End------ |

Figure 2
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scFv 10 Nucleotide sequence

CCATGGCCCAGGTGCAGCTGGTGGAATCTGECGEGAGGCTTGGTACAGCCTGGCAGGTCC
NcoI |----meoee- V, Start (SEQ ID No.56 Start)

CTGAGACTCTCCTGTGCAGCCTCTGGATTCKCCTTTAGCAGCTATGCCATGAGCTGGGT
CCGCCAGGCTCCAGGGAAGGGGCTGGAGTGGGTCTCAGCTATTAGTGGTAGTGGTGGTA
GCACATACTACGCAGACTCCGTGAAGGGCCGGTTCACCATCTCCAGAGACAATTCCAAG
AACACGCTGTATCTGCAAATGAACAGCCTGAGAGCCGAGGACACGGCCGTATATTACTG
TGCGAAGGGGGCCGGCGAGGGTCGAGGGCTTGGAGTGGTTATGGGCCAGGGAACCCTGG

TCACCGTCTCCTCAAAGCTTTCAGGGAGTGCATCCGCCCCAAAACTTGAAGAAGGTGAA

Vy End-----—-- |HindIII---Linker Start
TTTTCAGAAGCACGCGTACAGGCTGTGGTGACCCAGGAGCCCTCACTGACTGTGTCCCC
Linker End —T—MluI-—~| —————— V. Start

AGGAGGGACAGTCACTCTCACCTGTGCTTCCAGCACTgGAGCAGTCACCAGTGGTTACT
TTCCAAACTGGTTCCAGCAGAAACCTGGACAAGCACCCAGGGCACTCATTTATAGTACA
ACCAACAAACACTCCTGGACCCCTGCCCGGTTCTCAGGCTCCCTCCTTGGGGGCAAAGC
TGCCCTGACACTGTCAGGTGTGCAGCCTGAGGACGAGGCTGAGTATTACTGCCTGCTCT

ACTATGGTGGTGCTCGGGTGTTCGGCGGAGGGACCAAGCTCACCGTCCTAGCGGCCGCT

(SEQ ID No. 56 End)V,End----- | Notr
GGATCCGAACAAAAGCTGATCTCAGAAGAAGACCTAAACTCACATCACCATCACCATCAC
cMyc-tag Hisg-tag

scFv 10 Amino acid sequence

QVQLVESGGGLVQPGRSLRLSCAASGFTFSSYAMSWVRQAPGKGLEWVSAISGS
[ Vv, Start (SEQ ID No. 57 Start)

GGSTYYADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCAKGAGEGRGLGVV
MGQGTLVTVSSKLSGSASAPKLEEGEFSEARVQAVVTQEPSLTVSPGGTVTLTCA
Vy End- | ——————————— Linker----=--—---- l ------ V, Start
SSTGAVTSGYFPNWFQQKPGQAPRALIYSTI'NKHSWTPARFSGSLLGGKAALTLS
GVQPEDEAEYYC LLYYGGARVFGGGTKLTVLAAAGS EQKLISEEDLNSHHHHHH

(SEQ ID No. 57 end) V End------ |

Figure 3
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scFv 11F Nucleotide sequence

CCATGGCCCAGGTCCAGCTTGTGCAGTCTGGGGCTGAGGTGAAGAAGCCTGGGGCCTCA
NcoI  |--=c-mee- Vv, Start (SEQ ID No.67 Start) .
GTGAAGGTCTCCTGCAAGGCTTCTGGATACACCTTCACCGGCTACTATATGCACTGGGT
GCGACAGGCCCCTGGACAAGGGCTTGAGTGGATGGGATGGATCAACCCTAACAGTGGTG
GCACAAACTATGCACAGAAGTTTCAGGGCAGGGTCACCATGACCAGGGACACGTCCATC
AGCACAGCCTACATGGAGCTGAGCAGGCTGAGATCTGACGACACGGCCGTGTATTACTG

TGCGAGAGGTACGGTGACTAGGATTCAGGGCCGCTCTCTCTACGGTATGGACGTCTGGG

GCCAAGGGACCACGGTCACCGTCTCTTCAAAGCTTTCAGGGAGTGCATCCGCCCCAAAA

Vg End------- |H1ndIII——L1nker Start .
CTTGAAGAAGGTGAATTTTCAGAAGCACGCGTAGAAACGACACTCACGCAGTCTCCAGG
Linker End ------- MluI—-—| —————— Vv, Start

CACCCTGTCTTTGTCTCCAGGGGAAGGAGTCACCCTCTCCTGCAGGGCCAGTCAGAGTG
TTAACAGGAGGTACTTAGCCTGGTACCAGCAGAAACCTGGCCAGGCTCCCAGGCTCCTC
ATCTATGGGGCATCCAGCAGGGCCACTGGCATCCCTGACAGGTTCAGTGGCAGTGGGTC
TGGGACAGACTTCACTCTCACCATCAGCAGACTGGAGCCTGAAGATTTTGCAGTGTATT

ACTGTCAGCAGTATGGTAGCTCACCCCTCACTTTCGGCGGAGGGACCAAGGTGGAAATC
(SEQ ID No. 67 End)V,End---

AAAGCGGCCGCTGGATCCGAACAAAAGCTGATCTCAGAAGAAGACCTAAACTCACATCA
—--| nNotI , cMyc-tag
CCATCACCATCAC

Hisg-tag

hY

scFv 11F almino acid sequence

QVQLVQSGAEVKKPGASVKVSCKASGYTFTGYYMHWVRQAPGQGLEWMGWIN
[ —— V, Start (SEQ ID No.68 Start)

PNSGGTNYAQKFQGRVTMTRDTSISTAYMELSRLRSDDTAVYYCARGTVTRIQGR

SLYG MDVWGQGTTVTVSSKLS GSASAPKLEEGEFSEARVETTLTQSPGTLSLSPG

Va End—l—. —————————— Linker-----=--== | ------ V, Start

EGVTLSCRASQSVNRRYLAWYQQKPGQAPRLLIYGASSRATGIPDRFSGSGSGTD

FTLTISRLEPEDFAVYYCQQYGSSPLTFGGGTKVEIKAAAGSEQKLISEEDLNSHHH
(SEQ ID No. 68 End)V End------ |
HHH

Figure 4
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Binding to CCR4 +/- DT40 cells
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Binding to CCR4+/- DT40 cells
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Binding to CCR4+/- DT40 cells
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% staining signal after incubation with MDC
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Competition with 0.28 nM 17G biotinylated IgG
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Specific binding to DT404+CCR4 and DT40 cells
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(a) bio-IgG 9E (0.7 nM) on DT40-CCR4 * cells
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(a) bio-MDC on DT-40-CCR4* cells
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SscFv 9E10J Nucleotide sequence

CCATGGCCCAGGTCCAGCTTGTACAGTCTGGGGCTGAGGTGAAGAAGCCTGGGTCCTCG
NcoI B V, Start (SEQ ID No.1l06 Start) '

GTGAAGGTCTCCTGCAAGGCTTCTGGAGGCACCTTéAGCAGCTATGCTATCAGCTGGGT
GCGACAGGCCCCTGGACAAGGGCTTGAGTGGATGGGAGGGATCATCCCTATCTTTGéTA
CAGCAAACTACGCACAGAAGTTCCAGGGCAGAGTCACCATGACCAGGGACACGTCCACG
AGCACAGTCTACATGGAGCTGAGCAGCCTGAGATCTGAGGACACGGCCGTGTATTACTG
TGCGAGACGCGGTGGGAGCTACTTTGACTACTGGGGCCAAGGGACCCTGGTCACCGTCT

CCTCAAAGCTTTCAGGGAGTGCATCCGCCCCAAAACTTGAAGAAGGTGAATTTTCAGAA
—————— IHindIII~—Linker Start Linker End ------
GCACGCGTATCCTATGTGCTGACTCAGCCACCCTCAGCGTCTGGGACCCCCGGGCAGAG
e MluI--|--=--- Vv, Start

CGTCACCATCTCT'TGTTCTGGAAGCACCTCCAACATCGGAAGTCATTATGTGTTCTGGT

ACCAGCAGCTCCCAGGAACGGCCCCCAGACTCCTCATCTATAGGAATCATCAGCGGCCC
TCAGGGGTCCCTGACCGACTCTCTGGCTCCAAGTCTGGCACCTCAGCCTCCCTGGCCAT
CAGTGGGCTCCGGTCCGAGGATGAGGCTGATTATTACTGTGCAGTGTGGGATGACACCC

TGAGTGGCTGGGTGTTCGGCGGAGGGACCAAGCTGACCGTCCTAGCGGCCGCTGGATCC
(SEQ ID No. 80 End)VLEndj--———l Notl

GAACAAAAGCTGATCTCAGAAGAAGACCTAAACTCACATCACCATCACCATCAC
" cMyc-tag Hisg-tag

scFv 9E10J Amino acid sequence

QVQLVQSGAEVKKPGSSVKVSCKASGGTFSSYAISWVRQAPGQGLEWMGGIIPI
[ — V, Start (SEQ ID No.105 Start) .
FGTANYAQKFQGRVTMTRDTSTSTVYMELSSLRSEDTAVYYCARRGGSYFDYWG

QGTLVTVSSKLSGSASAPKLEEGEEFSEARVSYVLTQPPSASGTPGQSVTISCSG
Vg End- I ----------- Linker------- | —————— V., Start

STSNIGSHYVFWYQQLPGTAPRLLIYRNHQRPSGVPDRLSGSKSGTSASLAISG

LRSEDEADYYCAVWDDTLSGWVFGGGTKLTVLAAAGSEQKLISEEDLNSHHHHHH
(SEQ ID No. 72 End)VpEnd------ | "

Figure 27
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scFv 9E1D Nucleotide sequence.
CCATGGCCCAGGTCCAGCTTGTACAGTCTGGGGCTGAGGTGAAGAAGCCTGGGTCCTCG
NcoI [ Vy Start (SEQ ID No.79 Start)
GTGAAGGTCTCCTGCAAGGCTTCTGGAGGCACCTTCAGCAACTATGCTATCAGCTGGGT
GCGACAGGCCCCTGGACAAGGGCTTGAGTGGATGGGAGGGATCATCCCTATCTTTGGTA
CAGCAAACTACGCACAGAAGTTCCAGGGCAGAGTCACGATTACCGCGGACGAATCCACG

AGCACAGCCTACATGGAGCTGAGCAGCCTGAGATCTGAGGACACGGCCGTGTATTACTG

TGCCGAGACGCGGTGGGAGCTACTTTGACTACTGGGGCCAGGGAACCCTGGTCACCGTCT

—————— |HindIII——Linker Start i Linker End ------
GCACGCGTACAGCCTGTGCTGACTCAGCCCCCCTCAGCGTCTGGGACCCCCGGGCAGAGG

——— MluI——| —————— V. Start )

GTCACCATCTCTTGTTCTGGAGGCGGATCCAACATCGGAAGAAGGTTTGTAAACTGGTAC

CAGCAGCTCCCAGGAACGGCCCCCAAACTCCTCATCTATAGGAATAATCAGCGGCCCTCA

GGGGTCCCTGACCCATTCTCTGGCTCCAAGTCTGGCACCTCAGCCTCCCTGGTCATCAGT

GCCGCTCCCGTCCGAGGATGAGGCTCGATTATTACTGTGCAGCATGGGATGACAGCCTGAGT

GGTTGGGTGTTCGGCGGAGGGACCAAGCTGACCGTCCTAGCGGCCGCTGGATCCGAACAA
(SEQ ID No. 116 End)V;End----| NotI

AAGCTGATCTCAGAAGAAGACCTAAACTCACATCACCATCACCATCAC
cMyc-tag Hisg-tag

scFv 9E1D Amino acid sequence

QVQLVQSGAEVKKPGSSVKVSCKASGGTFSNYAISWVRQAPGQGLEWMGGIIPI
S Vv, Start (SEQ ID No.71 Start)
FGTANYAQKFQGRVTITADESTSTAYMELSSLRSEDTAVYYCARRGGSYFDYWG

QGTLVTVSSKLSGSASAPKLEEGEFSEARVQPVLTQPPSASGTPGQRVTISCSG
Vg End-|----mcmomo Linker----—-- [ Vv, Start

GGSNIGRRFVNWYQQLPGTAPKLLIYRNNQRPSGVPDRFSGSKSGTSASLVISG

LRSEDEADYYCAAWDDSLSGWVFGGGTKLTVLAAAGSEQKLI SEEDLNSHHHHHH
(SEQ ID No. 115 End)V End-----
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