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Cross-species-specific PSMAxCD3 bispecific single chain antibody

The present invention relates to a bispecific single chain antibody molecule
comprising a first binding domain capable of binding to an epitope of human and non-
chimpanzee primate CD3 epsilon chain, wherein the epitope is part of an amino acid
sequence comprised in the group consisting of SEQ ID NOs. 2, 4, 6, and 8, and a
second binding domain capable of binding to prostate-specific membrane antigen
(PSMA). The invention also provides nucleic acids encoding said bispecific single
chain antibody molecule as well as vectors and host cells and a process for its
production. The invention further relates to pharmaceutical compositions comprising
said bispecific single chain antibody molecule and medical uses of said bispecific

single chain antibody molecule.

T cell recognition is mediated by clonotypically distributed alpha beta and gamma
delta T cell receptors (TcR) that interact with the peptide-loaded molecules of the
peptide MHC (pMHC) (Davis & Bjorkman, Nature 334 (1988), 395-402). The antigen-
specific chains of the TcR do not possess signalling domains but instead are coupled
to the conserved multisubunit signaling apparatus CD3 (Call, Cell 111 (2002), 967-
979, Alarcon, Immunol. Rev. 191 (2003), 38-46, Malissen Immunol. Rev. 191 (2003),
7-27). The mechanism by which TcR ligation is directly communicated to the
signalling apparatus remains a fundamental question in T cell biology (Alarcon, loc.
cit.; Davis, Cell 110 (2002), 285-287). It seems clear that sustained T cell responses
involve coreceptor engagement, TcR oligomerization, and a higher order
arrangement of TcCR-pMHC complexes in the immunological synapse (Davis & van
der Merwe, Curr. Biol. 11 (2001), R289-R291, Davis, Nat. Immunol. 4 (2003), 217-
224). However very early TcR signalling occurs in the absence of these events and
may involve a ligand-induced conformational change in CD3 epsilon (Alarcon, loc.
cit., Davis (2002), loc. cit., Gil, J. Biol. Chem. 276 (2001), 11174-11179, Gil, Cell 109
(2002), 901-912). The epsilon, gamma, delta and zeta subunits of the signaling
complex associate with each other to form a CD3 epsilon-gamma heterodimer, a
CD3 epsilon-delta Theterodimer, and a CD3 zeta-zeta homodimer (Call, loc. cit.).
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Various studies have revealed that the CD3 molecules are important for the proper
cell surface expression of the alpha beta TcR and normal T cell development
(Berkhout, J. Biol. Chem. 263 (1988), 8528-8536, Wang, J. Exp. Med. 188 (1998),
1375-1380, Kappes, Curr. Opin. Immunol. 7 (1995), 441-447). The solution structure
of the ectodomain fragments of the mouse CD3 epsilon gamma heterodimer showed
that the epsilon gamma subunits are both C2-set Ig domains that interact with each
other to form an unusual side-to-side dimer configuration (Sun, Cell 105 (2001), 913-
923). Although the cysteine-rich stalk appears to play an importantrole in driving CD3
dimerization (Su, loc. cit., Borroto, J. Biol. Chem. 273 (1998), 12807-12816),
interaction by means of the extracellular domains of CD3 epsilon and CD3 gamma is
sufficient for assembly of these proteins with TcR beta (Manolios, Eur. J. Immunol. 24
(1994), 84-92, Manolios & Li, Immunol. Cell Biol. 73 (1995), 532-536). Although still
controversial, the dominant stoichiometry of the TcR most likely comprises one alpha
beta TcR, one CD3 epsilon gamma heterodimer, one CD3 epsilon delta heterodimer
and one CD3 zeta zeta homodimer (Call, loc. cit.). Given the central role of the
human CD3 epsilon gamma heterodimer in the immune response, the crystal
structure of this complex bound to the therapeutic antibody OKT3 has recently been
elucidated (Kjer-Nielsen, PNAS 101, (2004), 7675-7680).

A number of therapeutic strategies modulate T cell immunity by targeting TcR
signaling, particularly the anti-human CD3 monoclonal antibodies (mAbs) that are
widely used clinically in immunosuppressive regimes. The CD3-specific mouse mAb
OKT3 was the first mADb licensed for use in humans (Sgro, Toxicology 105 (1995),
23-29) and is widely used clinically as an immunosuppressive agent in
transplantation (Chatenoud, Clin. Transplant 7 (1993), 422-430, Chatenoud, Nat.
Rev. Immunol. 3 (2003), 123-132, Kumar, Transplant. Proc. 30 (1998), 1351-1352),
type 1 diabetes (Chatenoud (2003), loc. cit.), and psoriasis (Utset, J. Rheumatol. 29
(2002), 1907-1913). Moreover, anti-CD3 mAbs can induce partial T cell signalling and
clonal anergy (Smith, J. Exp. Med. 185 (1997), 1413-1422). OKT3 has been
described in the literature as a potent T cell mitogen (Van Wauve, J. Immunol. 124
(1980), 2708-18) as well as a potent T cell killer (Wong, Transplantation 50 (1990),
683-9). OKT3 exhibits both of these activities in a time-dependent fashion; following
early activation of T cells leading to cytokine release, upon further administration
OKT3 later blocks all known T cell functions. It is due to this later blocking of T cell
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function that OKT3 has found such wide application as an immunosuppressant in

therapy regimens for reduction or even abolition of allograft tissue rejection.

OKT3 reverses allograft tissue rejection most probably by blocking the function of all
T cells, which play a major role in acute rejection. OKT3 reacts with and blocks the
function of the CD3 complex in the membrane of human T cells, which is associated
with the antigen recognition structure of T cells (TCR) and is essential for signal
transduction. Which subunit of the TCR/CD3 is bound by OKT3 has been the subject
of multiple studies. Though some evidence has pointed to a specificity of OKT3 for
the epsilon-subunit of the TCR/CD3 complex (Tunnacliffe, Int. Immunol. 1 (1989),
546-50; Kjer-Nielsen, PNAS 101, (2004), 7675-7680). Further evidence has shown
that OKT3 binding of the TCR/CD3 complex requires other subunits of this complex
to be present (Salmeron, J. Immunol. 147 (1991), 3047-52).

Other well known antibodies specific for the CD3 molecule are listed in Tunnacliffe,
Int. Immunol. 1 (1989), 546-50. As indicated above, such CD3 specific antibodies are
able to induce various T cell responses such as lymphokine production (Von
Wussow, J. Immunol. 127 (1981), 1197; Palacious, J. Immunol. 128 (1982), 337),
proliferation (Van Wauve, J. Immunol. 124 (1980), 2708-18) and suppressor-T cell
induction (Kunicka, in “Lymphocyte Typing II” 1 (1986), 223). That is, depending on
the experimental conditions, CD3 specific monoclonal antibody can either inhibit or
induce cytotoxicity (Leewenberg, J. Immunol. 134 (1985), 3770; Phillips, J. Immunol.
136 (1986) 1579; Platsoucas, Proc. Natl. Acad. Sci. USA 78 (1981), 4500; Itoh, Cell.
Immunol. 108 (1987), 283-96; Mentzer, J. Immunol. 135 (1985), 34; Landegren, J.
Exp. Med. 155 (1982), 15679; Choi (2001), Eur. J. Immunol. 31, 94-106; Xu (2000),
Cell Immunol. 200, 16-26; Kimball (1995), Transpl. Immunol. 3, 212-221).

Although many of the CD3 antibodies described in the art have been reported to
recognize the CD3 epsilon subunit of the CD3 complex, most of them bind in fact to
conformational epitopes and, thus, only recognize CD3 epsilon in the native context
of the TCR. Conformational epitopes are characterized by the presence of two or
more discrete amino acid residues which are separated in the primary sequence, but
come together on the surface of the molecule when the polypeptide folds into the
native protein/antigen (Sela, (1969) Science 166, 1365 and Laver, (1990) Cell 61,
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553-6). The conformational epitopes bound by CD3 epsilon antibodies described in
the art may be separated in two groups. In the major group, said epitopes are being
formed by two CD3 subunits, e.g. of the CD3 epsilon chain and the CD3 gamma or
CD3 delta chain. For example, it has been found in several studies that the most
widely used CD3 epsilon monoclonal antibodies OKT3, WT31, UCHT1, 7D6 and
Leu-4 did not bind to cells singly transfected with the CD3-epsilon chain. However,
these antibodies stained cells doubly transfected with a combination of CD3 epsilon
plus either CD3 gamma or CD3 delta (Tunnacliffe, loc. cit.; Law, Int. Immunol. 14
(2002), 389-400; Salmeron, J. Immunol. 147 (1991), 3047-52; Coulie, Eur. J.
Immunol. 21 (1991), 1703-9). In a second smaller group, the conformational epitope
is being formed within the CD3 epsilon subunit itself. A member of this group is for
instance mAb APA 1/1 which has been raised against denatured CD3 epsilon
(Risueno, Blood 106 (2005), 601-8). Taken together, most of the CD3 epsilon
antibodies described in the art recognize conformational epitopes located on two or
more subunits of CD3. The discrete amino acid residues forming the three-
dimensional structure of these epitopes may hereby be located either on the CD3
epsilon subunit itself or on the CD3 epsilon subunit and other CD3 subunits such as
CD3 gamma or CD3 delta.

Another problem with respect to CD3 antibodies is that many CD3 antibodies have
been found to be species-specific. Anti-CD3 monoclonal antibodies — as holds true
generally for any other monoclonal antibodies - function by way of highly specific
recognition of their target molecules. They recognize only a single site, or epitope, on
their target CD3 molecule. For example, one of the most widely used and best
characterized monoclonal antibodies specific for the CD3 complex is OKT-3. This
antibody reacts with chimpanzee CD3 but not with the CD3 homolog of other
primates, such as macaques, or with dog CD3 (Sandusky et al., J. Med. Primatol. 15
(1986), 441-451). Similarly, WO2005/118635 or W(02007/033230 describe human
monoclonal CD3 epsilon antibodies which react with human CD3 epsilon but not with
CD3 epsilon of mouse, rat, rabbit or non-chimpanzee primates such as rhesus
monkey, cynomolgus monkey or baboon monkey. The anti-CD3 monoclonal antibody
UCHT-1 is also reactive with CD3 from chimpanzee but not with CD3 from macaques
(own data). On the other hand, there are also examples of monoclonal antibodies,

which recognize macaque antigens, but not their human counterparts. One example



10

20

25

30

WO 2011/121110 PCT/EP2011/055104

of this group is monoclonal antibody FN-18 directed to CD3 from macaques (Uda et
al., J. Med. Primatol. 30 (2001), 141-147). Interestingly, it has been found that
peripheral lymphocytes from about 12% of cynomolgus monkeys lacked reactivity
with anti-rhesus monkey CD3 monoclonal antibody (FN-18) due to a polymorphism of
the CD3 antigen in macaques. Uda et al. described a substitution of two amino acids
in the CD3 sequence of cynomolgus monkeys, which are not reactive with FN-18
antibodies, as compared to CD3 derived from animals, which are reactive with FN-18
antibodies (Uda et al., J Med Primatol. 32 (2003), 105-10; Uda et al., J Med Primatol.
33 (2004), 34-7).

The discriminatory ability, i.e. the species specificity, inherent not only to CD3
monoclonal antibodies (and fragments thereof), but to monoclonal antibodies in
general, is a significant impediment to their development as therapeutic agents for
the treatment of human diseases. In order to obtain market approval any new
candidate medication must pass through rigorous testing. This testing can be
subdivided into preclinical and clinical phases: Whereas the latter — further
subdivided into the generally known clinical phases |, Il and lll — is performed in
human patients, the former is performed in animals. The aim of pre-clinical testing is
to prove that the drug candidate has the desired activity and most importantly is safe.
Only when the safety in animals and possible effectiveness of the drug candidate has
been established in preclinical testing this drug candidate will be approved for clinical
testing in humans by the respective regulatory authority. Drug candidates can be
tested for safety in animals in the following three ways, (i) in a relevant species, i.e. a
species where the drug candidates can recognize the ortholog antigens, (ii) in a
transgenic animal containing the human antigens and (iii) by use of a surrogate for
the drug candidate that can bind the ortholog antigens present in the animal.
Limitations of transgenic animals are that this technology is typically limited to
rodents. Between rodents and man there are significant differences in the physiology
and the safety results cannot be easily extrapolated to humans. The limitations of a
surrogate for the drug candidate are the different composition of matter compared to
the actual drug candidate and often the animals used are rodents with the limitation
as discussed above. Therefore, preclinical data generated in rodents are of limited
predictive power with respect to the drug candidate. The approach of choice for

safety testing is the use of a relevant species, preferably a lower primate. The



10

20

25

30

WO 2011/121110 PCT/EP2011/055104

limitation now of monoclonal antibodies suitable for therapeutic intervention in man
described in the art is that the relevant species are higher primates, in particular
chimpanzees. Chimpanzees are considered as endangered species and due to their
human-like nature, the use of such animals for drug safety testing has been banned
in Europe and is highly restricted elsewhere. CD3 has also been successfully used
as a target for bispecific single chain antibodies in order to redirect cytotoxic T cells
to pathological cells, resulting in the depletion of the diseased cells from the
respective organism (WO 99/54440; WO 04/106380). For example, Bargou et al.
(Science 321 (2008):974-7) have recently reported on the clinical activity of a
CD19xCD3 bispecific antibody construct called blinatumomab, which has the
potential to engage all cytotoxic T cells in human patients for lysis of cancer cells.
Doses as low as 0.005 milligrams per square meter per day in non-Hodgkin's
lymphoma patients led to an elimination of target cells in blood. Partial and complete
tumor regressions were first observed at a dose level of 0.015 milligrams, and all
seven patients treated at a dose level of 0.06 milligrams experienced a tumor
regression. Blinatumomab also led to clearance of tumor cells from bone marrow and
liver. Though this study established clinical proof of concept for the therapeutic
potency of the bispecific single chain antibody format in treating blood-cell derived

cancer, there is still need for successful concepts for therapies of other cancer types.

In 2008, an estimated 186,320 men will be newly diagnosed with prostate cancer in
the United States and about 28,660 men will die from the disease. The most recent
report available on cancer mortality shows that, in 2004, the overall death rate from
prostate cancer among American men was 25 per 100,000. In the late 1980s, the
widespread adoption of the prostate-specific antigen (PSA) test represented a major
improvement in the management of prostate cancer. This test measures the amount
of PSA protein in the blood, which is often elevated in patients with prostate cancer.
In 1986, the U.S. Food and Drug Administration approved the use of the PSA test to
monitor patients with prostate cancer and, in 1994, additionally approved its use as a
screening test for this disease. Due to the widespread implementation of PSA testing
in the United States, approximately 90 percent of all prostate cancers are currently
diagnosed at an early stage, and, consequently, men are surviving longer after
diagnosis. However, the results of two ongoing clinical trials, the NCI-sponsored

Prostate, Lung, Colorectal, and Ovarian (PLCO) screening trial and the European
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Study of Screening for Prostate Cancer (ERSPC) will be needed to determine
whether PSA screening actually saves lives. Ongoing clinical trials over the past 25
years have investigated the effectiveness of natural and synthetic compounds in the
prevention of prostate cancer. For example, the Prostate Cancer Prevention Trial
(PCPT), which enrolled nearly 19,000 healthy men, found that finasteride, a drug
approved for the treatment of benign prostatic hyperplasia (BPH), which is a
noncancerous enlargement of the prostate, reduced the risk of developing prostate
cancer by 25 percent. Another trial, the Selenium and Vitamin E Cancer Prevention
Trial (SELECT), is studying more than 35,000 men to determine whether daily
supplements of selenium and vitamin E can reduce the incidence of prostate cancer
in healthy men. Other prostate cancer prevention trials are currently evaluating the
protective potential of multivitamins, vitamins C and D, soy, green tea, and lycopene,
which is a natural compound found in tomatoes. One study, reported in 2005,
showed that specific genes were fused in 60 to 80 percent of the prostate tumors
analyzed. This study represents the first observation of non-random gene
rearrangements in prostate cancer. This genetic alteration may eventually be used as
a biomarker to aid in the diagnosis and, possibly, treatment of this disease. Other
studies have shown that genetic variations in a specific region of chromosome 8 can
increase a man's risk of developing prostate cancer. These genetic variations
account for approximately 25 percent of the prostate cancers that occur in white men.
They are the first validated genetic variants that increase the risk of developing
prostate cancer and may help scientists better understand the genetic causes of this
disease. There is also ongoing research that examines how proteins circulating in a
patient's blood can be used to improve the diagnosis of prostate and other cancers.
In 2005, scientists identified a group of specific proteins that are produced by a
patient's immune system in response to prostate tumors. These proteins, a type of
autoantibody, were able to detect the presence of prostate cancer cells in blood
specimens with greater than 90 percent accuracy. When used in combination with
PSA, these and other blood proteins may eventually be used to reduce the number of
false-positive results obtained with PSA testing alone and, therefore, reduce the large
number of unnecessary prostate biopsies that are performed each year due to false-

positive PSA test results.
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Apart from PSA, several other markers for prostate cancer have been identified,
including e.g. the six-transmembrane epithelial antigen of the prostate (STEAP)
(Hubert et al., PNAS 96 (1999), 14523-14528), the prostate stem cell antigen (PSCA)
(Reiter et al., Proc. Nat. Acad. Sci. 95: 1735-1740, 1998) and the prostate-specific
membrane antigen (PSMA; PSM) (Israeli et al., Cancer Res. 53 (1993). PSMA was
originally defined by the monoclonal antibody (MAb) 7E11 derived from immunization
with a partially purified membrane preparation from the Iymph node prostatic
adenocarcinoma (LNCaP) cell line (Horoszewicz et al., Anticancer Res. 7 (1987),
927-35). A 2.65-kb cDNA fragment encoding the PSMA protein was cloned and
subsequently mapped to chromosome 11p11.2 (Israeli et al., loc. cit.; O'Keefe et al.,
Biochem. Biophys. Acta 1443 (1998), 113-127). Initial analysis of PSMA
demonstrated widespread expression within the cells of the prostatic secretory
epithelium. Immunohistochemical staining demonstrated that PSMA was absent to
moderately expressed in hyperplastic and benign tissues, while malignant tissues
stained with the greatest intensity (Horoszewicz et al., loc. cit.). Subsequent
investigations have recapitulated these results and evinced PSMA expression as a
universal feature in practically every prostatic tissue examined to date. These reports
further demonstrate that expression of PSMA increases precipitously proportional to
tumor aggressiveness (Burger et al., Int. J. Cancer 100 (2002), 228-237; Chang et
al., Cancer Res. 59 (1999), 3192-98; Chang et al., Urology 57 (2001), 1179-83),
Kawakami and Nakayama, Cancer Res. 57 (1997), 2321-24; Liu et al., Cancer Res.
57 (1997), 3629-34; Lopes et al., Cancer Res. 50 (1990), 6423-29; Silver et al., Clin.
Cancer Res. 9 (2003), 6357-62; Sweat et al., Urology 52 (1998), 637-40; Troyer et
al., Int. J. Cancer 62 (1995), 552-558; Wright et al., Urology 48 (1996), 326-334).
Consistent with the correlation between PSMA expression
and tumor stage, increased levels of PSMA are associated with androgen-
independent prostate cancer (PCa). Analysis of tissue samples from patients with
prostate cancer has demonstrated elevated PSMA levels after physical castration or
androgen-deprivation therapy. Unlike expression of prostate specific antigen, which
is downregulated after androgen ablation, PSMA expression is significantly increased
in both primary and metastatic tumor specimens (Kawakami et al., Wright et al., loc.
cit.). Consistent with the elevated expression in androgen-independent tumors,
PSMA transcription is also known to be downregulated by steroids, and

administration of testosterone mediates a dramatic reduction in PSMA protein and
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MRNA levels (Israeli et al., Cancer Res. 54 (1994), 1807-11; Wright et al., loc. cit.).
PSMA is also highly expressed in secondary prostatic tumors and occult metastatic
disease. Immunohistochemical analysis has revealed relatively intense and
homogeneous expression of PSMA within metastatic lesions localized to lymph
nodes, bone, soft tissue, and lungs compared with benign prostatic tissues (Chang et
al. (2001), loc. cit.; Murphy et al., Cancer 78 (1996), 809-818; Sweat et al., loc. cit.).
Some reports have also indicated limited PSMA expression in extraprostatic tissues,
including a subset of renal proximal tubules, some cells of the intestinal brush-border
membrane, and rare cells in the colonic crypts (Chang et al. (1999), Horoszewicz et
al., Israeli et al. (1994), Lopes et al., Troyer et al., loc. cit.). However, the levels of
PSMA in these tissues are generally two to three orders of magnitude less than those
observed in the prostate (Sokoloff et al., Prostate 43 (2000), 150-157). PSMA is also
expressed in the tumor-associated neovasculature of most solid cancers examined
yet is absent in the normal vascular endothelium (Chang et al. (1999), Liu et al.,
Silver et al., loc. cit.). Although the significance of PSMA expression within the
vasculature is unknown, the specificity for tumor-associated endothelium makes

PSMA a potential target for the treatment of many forms of malignancy.

Though there has been put much effort in identifying novel targets for therapeutic
approaches for cancer, cancer is yet one of the most frequently diagnosed diseases.

In light of this, there is still need for effective treatments for cancer.

The present invention provides for a bispecific single chain antibody molecule
comprising a first binding domain capable of binding to an epitope of human and non-
chimpanzee primate CD3e (epsilon) chain, wherein the epitope is part of an amino
acid sequence comprised in the group consisting of SEQ ID NOs. 2, 4, 6, and 8; and
a second binding domain capable of binding to prostate-specific membrane antigen
(PSMA).

Though T cell-engaging bispecific single chain antibodies described in the art have
great therapeutic potential for the treatment of malignant diseases, most of these
bispecific molecules are limited in that they are species specific and recognize only
human antigen, and - due to genetic similarity - likely the chimpanzee counterpart.
The advantage of the present invention is the provision of a bispecific single chain
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antibody comprising a binding domain exhibiting cross-species specificity to human
and non-chimpanzee primate of the CD3 epsilon chain.

In the present invention, an N-terminal 1-27 amino acid residue polypeptide fragment
of the extracellular domain of CD3 epsilon was surprisingly identified which — in
contrast to all other known epitopes of CD3 epsilon described in the art — maintains
its three-dimensional structural integrity when taken out of its native environment in
the CD3 complex (and optionally fused to a heterologous amino acid sequence such
as EpCAM or an immunoglobulin Fc part). The present invention, therefore, provides
for a bispecific single chain antibody molecule comprising a first binding domain
capable of binding to an epitope of an N-terminal 1-27 amino acid residue
polypeptide fragment of the extracellular domain of CD3 epsilon (which CD3 epsilon
is, for example, taken out of its native environment and/or comprised by (presented
on the surface of) a T-cell) of human and at least one non-chimpanzee primate CD3
epsilon chain, wherein the epitope is part of an amino acid sequence comprised in
the group consisting of SEQ ID NOs. 2, 4, 6, and 8; and a second binding domain
capable of binding to prostate-specific membrane antigen (PSMA). Preferred non-
chimpanzee primates are mentioned herein elsewhere. At least one (or a selection
thereof or all) primate(s) selected from Callithrix jacchus; Saguinus oedipus, Saimiri
sciureus, and Macaca fascicularis (either SEQ ID 631 or 632 or both), is (are)
particularily preferred. Macaca mulatta, also known as Rhesus Monkey is also
envisaged as another preferred primate. It is thus envisaged that antibodies of the
invention bind to (are capable of binding to) the context independent epitope of an N-
terminal 1-27 amino acid residue polypeptide fragment of the extracellular domain of
CD3 epsilon of human and Callithrix jacchus, Saguinus oedipus, Saimiri sciureus,
and Macaca fascicularis (either SEQ ID 631 or 632 or both), and optionally also to
Macaca mulatta. A bispecific single chain antibody molecule comprising a first
binding domain as defined herein can be obtained (is obtainable by) or can be
manufactured in accordance with the protocol set out in WO 2008/119567 (in
particular Example 2 of WO 2008/119567). To this end, it is envisaged to (a)
immunize mice with an N-terminal 1-27 amino acid residue polypeptide fragment of
the extracellular domain of CD3 epsilon of human and/or Saimiri sciureus; (b)
generation of an immune murine antibody scFv library; (c) identification of CD3
epsilon specific binders by testing the capability to bind to at least SEQ ID NOs. 2, 4,
6, and 8.
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The context-independence of the CD3 epitope provided in this invention corresponds
to the first 27 N-terminal amino acids of CD3 epsilon or functional fragments of this
27 amino acid stretch. The phrase "context-independent,” as used herein in relation
to the CD3 epitope means that binding of the herein described inventive binding
molecules/antibody molecules does not lead to a change or modification of the
conformation, sequence, or structure surrounding the antigenic determinant or
epitope. In contrast, the CD3 epitope recognized by a conventional CD3 binding
molecule (e.g. as disclosed in WO 99/54440 or WO 04/106380) is localized on the
CD3 epsilon chain C-terminally to the N-terminal 1-27 amino acids of the context-
independent epitope, where it only takes the correct conformation if it is embedded
within the rest of the epsilon chain and held in the right sterical position by
heterodimerization of the epsilon chain with either the CD3 gamma or delta chain.
Anti-CD3 binding domains as part of a PSMAxXCD3 bispecific single chain molecule
as provided herein have beeen described in WO 2008/119567. These binding
domains are generated (and directed) against a context-independent CD3 epitope
provide for a surprising clinical improvement with regard to T cell redistribution and,
thus, a more favourable safety profile. Without being bound by theory, since the CD3
epitope is context-independent, forming an autonomous selfsufficient subdomain
without much influence on the rest of the CD3 complex, the CD3 binding domain of
the PSMAxCD3 bispecific single chain molecule provided herein induces less
allosteric changes in CD3 conformation than the conventional CD3 binding molecules
(like molecules provided in WO 99/54440 or WO 04/106380), which recognize
context-dependent CD3 epitopes.

The context-independence of the CD3 epitope which is recognized by the CD3
binding domain of the PSMAxCD3 bispecific single chain antibody of the invention is
associated with less or no T cell redistribution (T cell redistribution equates with an
initial episode of drop and subsequent recovery of absolute T cell counts) during the
starting phase of treatment with said PSMAxCD3 bispecific single chain antibody of
the invention. These results in a better safety profile of the PSMAxCD3 bispecific
single chain antibody of the invention compared to conventional CD3 binding
molecules known in the art, which recognize context-dependent CD3 epitopes.
Particularly, because T cell redistribution during the starting phase of treatment with
CD3 binding molecules is a major risk factor for adverse events, like CNS adverse

events, the PSMAxCD3 bispecific single chain antibody of the invention by
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recognizing a context-independent rather than a context-dependent CD3 epitope has
a substantial safety advantage over the CD3 binding molecules known in the art.
Patients with such CNS adverse events related to T cell redistribution during the
starting phase of treatment with conventional CD3 binding molecules usually suffer
from confusion and disorientation, in some cases also from urinary incontinence.
Confusion is a change in mental status in which the patient is not able to think with
his or her usual level of clarity. The patient usually has difficulties to concentrate and
thinking is not only blurred and unclear but often significantly slowed down. Patients
with CNS adverse events related to T cell redistribution during the starting phase of
treatment with conventional CD3 binding molecules may also suffer from loss of
memory. Frequently, the confusion leads to the loss of ability to recognize people,
places, time or the date. Feelings of disorientation are common in confusion, and the
decision-making ability is impaired. CNS adverse events related to T cell
redistribution during the starting phase of treatment with conventional CD3 binding
molecules may further comprise blurred speech and/or word finding difficulties. This
disorder may impair both, the expression and understanding of language as well as
reading and writing. Besides urinary incontinence, vertigo and dizziness may also
accompany CNS adverse events related to T cell redistribution during the starting
phase of treatment with conventional CD3 binding molecules in some patients.

The maintenance of the three-dimensional structure within the mentioned 27 amino
acid N-terminal polypeptide fragment of CD3 epsilon can be used for the generation
of, preferably human, binding domains which are capable of binding to the N-terminal
CD3 epsilon polypeptide fragment in vitro and to the native (CD3 epsilon subunit of
the) CD3 complex on T cells in vivo with the same binding affinity. These data
strongly indicate that the N-terminal fragment as described herein forms a tertiary
conformation, which is similar to its structure normally existing in vivo. A very
sensitive test for the importance of the structural integrity of the amino acids 1-27 of
the N-terminal polypeptide fragment of CD3 epsilon was performed. Individual amino
acids of amino acids 1-27 of the N-terminal polypeptide fragment of CD3 epsilon
were changed to alanine (alanine scanning) to test the sensitivity of the amino acids
1-27 of the N-terminal polypeptide fragment of CD3 epsilon for minor disruptions. The
CD3 specific binding domains as part of the PSMAxCD3 bispecific single chain
antibody of the invention were used to test for binding to the alanine-mutants of
amino acids 1-27 of the N-terminal polypeptide fragment of CD3 epsilon (see WO
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2008/119567). Individual exchanges of the first five amino acid residues at the very
N-terminal end of the fragment and two of the amino acids at positions 23 and 25 of
the amino acids 1-27 of the N-terminal polypeptide fragment of CD3 epsilon were
critical for binding of the antibody molecules. The substitution of amino acid residues
in the region of position 1-5 comprising the residues Q (Glutamine at position 1), D
(Aspartic acid at position 2), G (Glycine at position 3), N (Asparagine at position 4),
and E (Glutamic acid at position 5) to Alanine abolished binding of the, preferably
human, PSMAxCD3 bispecific single chain antibody of the invention to said fragment.
While, for at least some of the, preferably human, PSMAxCD3 bispecific single chain
antibody of the invention, two amino acid residues at the C-terminus of the
mentioned fragment T (Threonine at position 23) and | (Isoleucine at position 25)
reduced the binding energy to the, preferably human, PSMAxXCD3 bispecific single
chain antibody of the invention.

Unexpectedly, it has been found that the thus isolated, preferably human,
PSMAxCD3 bispecific single chain antibody of the invention not only recognizes the
human N-terminal fragment of CD3 epsilon, but also the corresponding homologous
fragments of CD3 epsilon of various primates, including New-World Monkeys
(Marmoset, Callithrix jacchus; Saguinus oedipus; Saimiri sciureus) and Old-World
Monkeys (Macaca fascicularis, also known as Cynomolgus Monkey; or Macaca
mulatta, also known as Rhesus Monkey). Thus, multi-primate specificity of the
PSMAxCD3 bispecific single chain antibody of the invention was detected. The
following sequence analyses confirmed that human and primates share a highly
homologous sequence stretch at the N-terminus of the extracellular domain of CD3
epsilon.

The amino acid sequence of the aformentioned N-terminal fragments of CD3 epsilon
are depicted in SEQ ID No. 2 (human), SEQ ID No. 4 (Callithrix jacchus); SEQ ID No.
6 (Saguinus oedipus); SEQ ID No. 8 (Saimiri sciureus); SEQ ID No. 631
QDGNEEMGSITQTPYQVSISGTTILTC or SEQ ID No. 632
QDGNEEMGSITQTPYQVSISGTTVILT (Macaca fascicularis, also known as
Cynomolgus Monkey), and SEQ ID No. 633 QDGNEEMGSITQTPYHVSISGTTVILT

(Macaca mulatta, also known as Rhesus Monkey).
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The second binding domain of the PSMAxCD3 bispecific single chain antibody of the
invention binds to the prostate-specific membrane antigen (PSMA). Preferably, the
second binding domain of the PSMAxXCD3 bispecific single chain antibody binds to
the human PSMA or a non-chimpanzee primate PSMA; more preferred it binds to the
human PSMA and a non-chimpanzee primate PSMA and therefore is cross-species
specific; even more preferred to the human PSMA and the macaque PSMA (and
therefore is cross-species specific as well). Particularly preferred, the macaque
PSMA is the Cynomolgus monkey PSMA and/or the Rhesus monkey PSMA.
However, it is not excluded from the scope of the present invention, that the second
binding domain may also bind to PSMA homologs of other species, such as to the
PSMA homolog in rodents.

Prostate cancer is the second most cancer in men. For 2008, it is estimated that
186,320 men will be newly diagnosed with prostate cancer in the United States and
about 28,660 men will die from the disease. Prostate cancer risk is strongly related to
age: very few cases are registered in men under 50 and three-quarters of cases
occur in men over 65 years. The largest number of cases is diagnosed in those aged
70-74. Currently, the growth rate of the older population is significantly higher than
that of the total population. By 2025-2030, projections indicate that the population
over 60 will be growing 3.5 times as rapidly as the total population. The proportion of
older persons is projected to more than double worldwide over the next half century,
which means that a further increase in incidence of diagnosed prostate cancer has to
be expected for the future. The highly restricted expression of PSMA and its
upregulation in advanced stages and metastatic disease of prostate cancer as well
as its role as neoantigen on tumor vasculature of many different types of other solid
tumors qualifies PSMA as attractive target antigen for antibody-based cancer
therapy. As shown in the following examples, the PSMAxCD3 bispecific single chain
antibody of the invention provides an advantageous tool in order to kill PSMA-
expressing human cancer cells, as exemplified by the human prostate cancer cell
line LNCaP. In addition, the cytotoxic activity of the PSMAxCD3 bispecific single
chain antibody of the invention is higher than the cytotoxic activity of antibodies
described in the art. Since preferably both the CD3 and the PSMA binding domain of
the PSMAxCD3 bispecific single chain antibody of the invention are cross-species

specific, i.e. reactive with the human and non-chimpanzee primates antigens, it can
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be used for preclinical evaluation of safety, activity and/or pharmacokinetic profile of

these binding domains in primates and — in the identical form - as drug in humans.

Advantageously, the present invention provides also PSMAxCD3 bispecific single
chain antibodies comprising a second binding domain which binds both to the human
PSMA and to the macaque PSMA homolog, i.e. the homolog of a non-chimpanzee
primate. In a preferred embodiment, the bispecific single chain antibody thus
comprises a second binding domain exhibiting cross-species specificity to the human
and a non-chimpanzee primate PSMA. In this case, the identical bispecific single
chain antibody molecule can be used both for preclinical evaluation of safety, activity
and/or pharmacokinetic profile of these binding domains in primates and as drug in
humans. Put in other words, the same molecule can be used in preclinical animal
studies as well as in clinical studies in humans. This leads to highly comparable
results and a much-increased predictive power of the animal studies compared to
species-specific surrogate molecules. Since both the CD3 and the PSMA binding
domain of the PSMAxCD3 bispecific single chain antibody of the invention are cross-
species specific, i.e. reactive with the human and non-chimpanzee primates’
antigens, it can be used both for preclinical evaluation of safety, activity and/or
pharmacokinetic profile of these binding domains in primates and — in the identical
form - as drug in humans. It will be understood that in a preferred embodiment, the
cross-species specificity of the first and second binding domain of the antibodies of

the invention is identical.

It has been found in the present invention that it is possible to generate a, preferably
human, PSMAxCD3 bispecific single chain antibody wherein the identical molecule
can be used in preclinical animal testing, as well as clinical studies and even in
therapy in human. This is due to the unexpected identification of the, preferably
human, PSMAxCD3 bispecific single chain antibody, which, in addition to binding to
human CD3 epsilon and PSMA, respectively, (and due to genetic similarity likely to
the chimpanzee counterpart), also binds to the homologs of said antigens of non-
chimpanzee primates, including New-World Monkeys and Old-World Monkeys. As
shown in the following Examples, said preferably human, PSMAxCD3 bispecific
single chain antibody of the invention can be used as therapeutic agent against

various diseases, including, but not limited, to cancer. The PSMAxCD3 bispecific
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single chain antibody is particularly advantageous for the therapy of cancer,
preferably solid tumors, more preferably carcinomas and prostate cancer. In view of
the above, the need to construct a surrogate PSMAxCD3 bispecific single chain
antibody for testing in a phylogenetic distant (from humans) species disappears. As a
result, the identical molecule can be used in animal preclinical testing as is intended
to be administered to humans in clinical testing as well as following market approval
and therapeutic drug administration. The ability to use the same molecule for
preclinical animal testing as in later administration to humans virtually eliminates, or
at least greatly reduces, the danger that the data obtained in preclinical animal
testing have limited applicability to the human case. In short, obtaining preclinical
safety data in animals using the same molecule as will actually be administered to
humans does much to ensure the applicability of the data to a human-relevant
scenario. In contrast, in conventional approaches using surrogate molecules, said
surrogate molecules have to be molecularly adapted to the animal test system used
for preclinical safety assessment. Thus, the molecule to be used in human therapy in
fact differs in sequence and also likely in structure from the surrogate molecule used
in preclinical testing in pharmacokinetic parameters and/or biological activity, with the
consequence that data obtained in preclinical animal testing have limited applicability
/ transferability to the human case. The use of surrogate molecules requires the
construction, production, purification and characterization of a completely new
construct. This leads to additional development costs and time necessary to obtain
that molecule. In sum, surrogates have to be developed separately in addition to the
actual drug to be used in human therapy, so that two lines of development for two
molecules have to be carried out. Therefore, a major advantage of the, preferably
human, PSMAxCD3 bispecific single chain antibody of the invention exhibiting cross-
species specificity described herein is that the identical molecule can be used for

therapeutic agents in humans and in preclinical animal testing.

It is preferred that at least one of said first or second binding domains of the
bispecific single chain antibody of the invention is CDR-grafted, humanized or
human, as set forth in more detail below. Preferably, both the first and second
binding domains of the bispecific single chain antibody of the invention are CDR-
grafted, humanized or human. For the preferably human, PSMAxCD3 bispecific

single chain antibody of the invention, the generation of an immune reaction against
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said binding molecule is excluded to the maximum possible extent upon
administration of the molecule to human patients.

Another major advantage of the, preferably human, PSMAxCD3 bispecific single
chain antibody of the invention is its applicability for preclinical testing in various
primates. The behavior of a drug candidate in animals should ideally be indicative of
the expected behavior of this drug candidate upon administration to humans. As a
result, the data obtained from such preclinical testing should therefore generally have
a highly predictive power for the human case. However, as learned from the tragic
outcome of the recent Phase | clinical trial on TGN1412 (a CD28 monoclonal
antibody), a drug candidate may act differently in a primate species than in humans:
Whereas in preclinical testing of said antibody no or only limited adverse effects have
been observed in animal studies performed with cynomolgus monkeys, six human
patients developed multiple organ failure upon administration of said antibody
(Lancet 368 (2006), 2206-7). The results of these dramatic, non-desired negative
events suggest that it may not be sufficient to limit preclinical testing to only one
(non-chimpanzee primate) species. The fact that the PSMAxCD3 bispecific single
chain antibody of the invention binds to a series of New-World and Old-World
Monkeys may help to overcome the problems faced in the case mentioned above.
Accordingly, the present invention provides means and methods for minimizing
species differences in effects when drugs for human therapy are being developed

and tested.

With the, preferably human, cross-species specific PSMAxXxCD3 bispecific single
chain antibody of the invention it is also no longer necessary to adapt the test animal
to the drug candidate intended for administration to humans, such as e.g. the
creation of transgenic animals. The, preferably human, PSMAxCD3 bispecific single
chain antibody of the invention exhibiting cross-species specificity according to the
uses and the methods of invention can be directly used for preclinical testing in non-
chimpanzee primates, without any genetic manipulation of the animals. As well
known to those skilled in the art, approaches in which the test animal is adapted to
the drug candidate always bear the risk that the results obtained in the preclinical
safety testing are less representative and predictive for humans due to the
modification of the animal. For example, in transgenic animals, the proteins encoded

by the transgenes are often highly over-expressed. Thus, data obtained for the
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biological activity of an antibody against this protein antigen may be limited in their
predictive value for humans in which the protein is expressed at much lower, more

physiological levels.

A further advantage of the uses of the preferably human PSMAxCD3 bispecific single
chain antibody of the invention exhibiting cross-species specificity is the fact that
chimpanzees as an endangered species are avoided for animal testing.
Chimpanzees are the closest relatives to humans and were recently grouped into the
family of hominids based on the genome sequencing data (Wildman et al., PNAS 100
(2003), 7181). Therefore, data obtained with chimpanzee is generally considered to
be highly predictive for humans. However, due to their status as endangered species,
the number of chimpanzees, which can be used for medical experiments, is highly
restricted. As stated above, maintenance of chimpanzees for animal testing is
therefore both costly and ethically problematic. The uses of the, preferably human,
PSMAxCD3 bispecific single chain antibody of the invention avoid both ethical
objections and financial burden during preclinical testing without prejudicing the
quality, i.e. applicability, of the animal testing data obtained. In light of this, the uses
of the, preferably human, PSMAxCD3 bispecific single chain antibody of the

invention provide for a reasonable alternative for studies in chimpanzees.

A still further advantage of the, preferably human, PSMAxCD3 bispecific single chain
antibody of the invention is the ability of extracting multiple blood samples when
using it as part of animal preclinical testing, for example in the course of
pharmacokinetic animal studies. Multiple blood extractions can be much more readily
obtained with a non-chimpanzee primate than with lower animals, e.g. a mouse. The
extraction of multiple blood samples allows continuous testing of blood parameters
for the determination of the biological effects induced by the, preferably human,
PSMAxCD3 bispecific single chain antibody of the invention. Furthermore, the
extraction of multiple blood samples enables the researcher to evaluate the
pharmacokinetic profile of the, preferably human, PSMAxCD3 bispecific single chain
antibody of the invention as defined herein. In addition, potential side effects, which
may be induced by said, preferably human, PSMAxCD3 bispecific single chain
antibody of the invention reflected in blood parameters can be measured in different

blood samples extracted during the course of the administration of said antibody.

18



10

20

25

30

WO 2011/121110 PCT/EP2011/055104

This allows the determination of the potential toxicity profile of the, preferably human,

PSMAXxCD3 bispecific single chain antibody of the invention as defined herein.

The advantages of the, preferably human, PSMAxCD3 bispecific single chain
antibody of the invention as defined herein exhibiting cross-species specificity may

be briefly summarized as follows:

First, the, preferably human, PSMAxCD3 bispecific single chain antibody of the
invention as defined herein used in preclinical testing is the same as the one used in
human therapy. Thus, it is no longer necessary to develop two independent
molecules, which may differ in their pharmacokinetic properties and biological
activity. This is highly advantageous in that e.g. the pharmacokinetic results are more
directly transferable and applicable to the human setting than e.g. in conventional
surrogate approaches.

Second, the uses of the, preferably human, PSMAxCD3 bispecific single chain
antibody of the invention as defined herein for the preparation of therapeutics in
human is less cost- and labor-intensive than surrogate approaches.

Third, the, preferably human, PSMAxCD3 bispecific single chain antibody of the
invention as defined herein can be used for preclinical testing not only in one primate
species, but in a series of different primate species, thereby limiting the risk of
potential species differences between primates and human.

Fourth, chimpanzee as an endangered species for animal testing can be avoided if
desired.

Fifth, multiple blood samples can be extracted for extensive pharmacokinetic studies.
Sixth, due to the human origin of the, preferably human, binding molecules according
to a preferred embodiment of the invention, the generation of an immune reaction
against said binding molecules is minimalized when administered to human patients.
Induction of an immune response with antibodies specific for a drug candidate
derived from a non-human species as e.g. a mouse leading to the development of
human-anti-mouse antibodies (HAMAs) against therapeutic molecules of murine
origin is excluded.

Last but not least, the therapeutic use of the PSMAxCD3 bispecific single chain
antibody of the invention provides a novel and inventive therapeutic approach for

cancer, preferably solid tumors, more preferably carcinomas and prostate cancer. As
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shown in the following examples, the PSMAxCD3 bispecific single chain antibody of
the invention provides an advantageous tool in order to kill PSMA-expressing human
prostate cancer cells. Moreover, the cytotoxic activity of the PSMAxCD3 bispecific
single chain antibody of the invention is higher than the activity of antibodies

described in the art.

As noted herein above, the present invention provides polypeptides, i.e. bispecific
single chain antibodies, comprising a first binding domain capable of binding to an
epitope of human and non-chimpanzee primate CD3e chain and a second binding
domain capable of binding to PSMA. The second binding domain preferably binds to
human PSMA and a non-chimpanzee primate PSMA. The advantage of bispecific
single chain antibody molecules as drug candidates fulfilling the requirements of the
preferred bispecific single chain antibody of the invention is the use of such
molecules in preclinical animal testing as well as in clinical studies and even for
therapy in human. In a preferred embodiment of the cross-species specific bispecific
single chain antibodies of the invention the second binding domain binding to PSMA
is human. In a cross-species specific bispecific molecule according to the invention
the binding domain binding to an epitope of human and non-chimpanzee primate
CD3 epsilon chain is located in the order VH-VL or VL-VH at the N-terminus or the C-
terminus of the bispecific molecule. Examples for cross-species specific bispecific
molecules according to the invention in different arrangements of the VH- and the
VL-chain in the first and the second binding domain are described in the appended
examples.

As used herein, a “bispecific single chain antibody” denotes a single polypeptide
chain comprising two binding domains. Each binding domain comprises one variable
region from an antibody heavy chain (“VH region”), wherein the VH region of the first
binding domain specifically binds to the CD3¢ molecule, and the VH region of the
second binding domain specifically binds to PSMA. The two binding domains are
optionally linked to one another by a short polypeptide spacer. A non-limiting
example for a polypeptide spacer is Gly-Gly-Gly-Gly-Ser (G-G-G-G-S) and repeats
thereof. Each binding domain may additionally comprise one variable region from an
antibody light chain (“VL region”), the VH region and VL region within each of the first

and second binding domains being linked to one another via a polypeptide linker, for
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example of the type disclosed and claimed in EP 623679 B1, but in any case long
enough to allow the VH region and VL region of the first binding domain and the VH
region and VL region of the second binding domain to pair with one another such
that, together, they are able to specifically bind to the respective first and second
binding domains.

The term “protein” is well known in the art and describes biological compounds.
Proteins comprise one or more amino acid chains (polypeptides), whereby the amino
acids are bound among one another via a peptide bond. The term “polypeptide” as
used herein describes a group of molecules, which consists of more than 30 amino
acids. In accordance with the invention, the group of polypeptides comprises
“proteins” as long as the proteins consist of a single polypeptide chain. Also in line
with the definition the term “polypeptide” describes fragments of proteins as long as
these fragments consist of more than 30 amino acids. Polypeptides may further form
multimers such as dimers, trimers and higher oligomers, i.e. consisting of more than
one polypeptide molecule. Polypeptide molecules forming such dimers, trimers etc.
may be identical or non-identical. The corresponding higher order structures of such
multimers are, consequently, termed homo- or heterodimers, homo- or heterotrimers
etc. An example for a hereteromultimer is an antibody molecule, which, in its
naturally occurring form, consists of two identical light polypeptide chains and two
identical heavy polypeptide chains. The terms “polypeptide” and “protein” also refer
to naturally modified polypeptides/proteins wherein the modification is effected e.g.
by post-translational modifications like glycosylation, acetylation, phosphorylation and
the like. Such modifications are well known in the art.

The term “binding domain” characterizes in connection with the present invention a
domain of a polypeptide which specifically binds to/interacts with a given target
structure/antigen/epitope. Thus, the binding domain is an “antigen-interaction-site”.
The term “antigen-interaction-site” defines, in accordance with the present invention,
a motif of a polypeptide, which is able to specifically interact with a specific antigen or
a specific group of antigens, e.g. the identical antigen in different species. Said
binding/interaction is also understood to define a “specific recognition”. The term
“specifically recognizing” means in accordance with this invention that the antibody

molecule is capable of specifically interacting with and/or binding to at least two,
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preferably at least three, more preferably at least four amino acids of an antigen, e.g.
the human CD3 antigen as defined herein. Such binding may be exemplified by the
specificity of a “lock-and-key-principle”. Thus, specific motifs in the amino acid
sequence of the binding domain and the antigen bind to each other as a result of
their primary, secondary or tertiary structure as well as the result of secondary
modifications of said structure. The specific interaction of the antigen-interaction-site
with its specific antigen may result as well in a simple binding of said site to the
antigen. Moreover, the specific interaction of the binding domain/antigen-interaction-
site with its specific antigen may alternatively result in the initiation of a signal, e.g.
due to the induction of a change of the conformation of the antigen, an
oligomerization of the antigen, etc. A preferred example of a binding domain in line
with the present invention is an antibody. The binding domain may be a monoclonal
or polyclonal antibody or derived from a monoclonal or polyclonal antibody.

The term “antibody” comprises derivatives or functional fragments thereof which still
retain the binding specificity. Techniques for the production of antibodies are well
known in the art and described, e.g. in Harlow and Lane "Antibodies, A Laboratory
Manual", Cold Spring Harbor Laboratory Press, 1988, Harlow and Lane “Using
Antibodies: A Laboratory Manual” Cold Spring Harbor Laboratory Press, 1999 and
Little “Recombinant Antibodies for Immunotherapy” Cambridge University Press
2009. The term “antibody” also comprises immunoglobulins (Ig’s) of different classes
(i.e. IgA, 1gG, IgM, IgD and IgE) and subclasses (such as IgG1, IgG2 etc.).

The definition of the term “antibody” also includes embodiments such as chimeric,
single chain and humanized antibodies, as well as antibody fragments, like, inter alia,
Fab fragments. Antibody fragments or derivatives further comprise F(ab')z, Fv, scFv
fragments or single domain antibodies, single variable domain antibodies or
immunoglobulin single variable domain comprising merely one variable domain,
which might be VH or VL, that specifically bind to an antigen or epitope
independently of other V regions or domains; see, for example, Harlow and Lane
(1988) and (1999) and Little (2009), loc. cit. Such immunoglobulin single variable
domain encompasses not only an isolated antibody single variable domain
polypeptide, but also larger polypeptides that comprise one or more monomers of an

antibody single variable domain polypeptide sequence.
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Various procedures are known in the art and may be used for the production of such
antibodies and/or fragments. Thus, the (antibody) derivatives can also be produced
by peptidomimetics. Further, techniques described for the production of single chain
antibodies (see, inter alia, US Patent 4,946,778) can be adapted to produce single
chain antibodies specific for elected polypeptide(s). Also, transgenic animals may be
used to express humanized or human antibodies specific for polypeptides and fusion
proteins of this invention. For the preparation of monoclonal antibodies, any
technique, providing antibodies produced by continuous cell line cultures can be
used. Examples for such techniques include the hybridoma technique (Kohler and
Milstein Nature 256 (1975), 495-497), the trioma technique, the human B-cell
hybridoma technique (Kozbor, Immunology Today 4 (1983), 72) and the EBV-
hybridoma technique to produce human monoclonal antibodies (Cole et al.,
Monoclonal Antibodies and Cancer Therapy, Alan R. Liss, Inc. (1985), 77-96).
Surface plasmon resonance as employed in the BlAcore system can be used to
increase the efficiency of phage antibodies which bind to an epitope of a target
polypeptide, such as CD3 epsilon or PSMA (Schier, Human Antibodies Hybridomas 7
(1996), 97-105; Malmborg, J. Immunol. Methods 183 (1995), 7-13). It is also
envisaged in the context of this invention that the term “antibody” comprises antibody
constructs, which may be expressed in a host as described herein below, e.g.
antibody constructs which may be transfected and/or transduced via, inter alia,

viruses or plasmid vectors.

The term "specific interaction" as used in accordance with the present invention
means that the binding domain does not or does not significantly cross-react with
polypeptides which have similar structure as those bound by the binding domain, and
which might be expressed by the same cells as the polypeptide of interest. Cross-
reactivity of a panel of binding domains under investigation may be tested, for
example, by assessing binding of said panel of binding domains under conventional
conditions (see, e.g., Harlow and Lane (1988) and (1999) and Little (2009), loc. cit.
Examples for the specific interaction of a binding domain with a specific antigen
comprise the specificity of a ligand for its receptor. Said definition particularly
comprises the interaction of ligands, which induce a signal upon binding to its specific
receptor. Examples for said interaction, which is also particularly comprised by said

definition, is the interaction of an antigenic determinant (epitope) with the binding
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domain (antigenic binding site) of an antibody.

The term “cross-species specificity” or “interspecies specificity” as used herein
means binding of a binding domain described herein to the same target molecule in
humans and non-chimpanzee primates. Thus, “cross-species specificity” or
“interspecies specificity” is to be understood as an interspecies reactivity to the same
molecule “X” expressed in different species, but not to a molecule other than “X”.
Cross-species specificity of a monoclonal antibody recognizing e.g. human CD3
epsilon, to a non-chimpanzee primate CD3 epsilon, e.g. macaque CD3 epsilon, can
be determined, for instance, by FACS analysis. The FACS analysis is carried out in a
way that the respective monoclonal antibody is tested for binding to human and non-
chimpanzee primate cells, e.g. macaque cells, expressing said human and non-
chimpanzee primate CD3 epsilon antigens, respectively. An appropriate assay is
shown in the following examples. The above-mentioned subject matter applies
mutatis mutandis for the PSMA antigen: Cross-species specificity of a monoclonal
antibody recognizing e.g. human PSMA, to a non-chimpanzee primate PSMA, e.g.
macaque PSMA, can be determined, for instance, by FACS analysis. The FACS
analysis is carried out in a way that the respective monoclonal antibody is tested for
binding to human and non-chimpanzee primate cells, e.g. macaque cells, expressing

said human and non-chimpanzee primate PSMA antigens, respectively.

As used herein, CD3 epsilon denotes a molecule expressed as part of the T cell
receptor and has the meaning as typically ascribed to it in the prior art. In human, it
encompasses in individual or independently combined form all known CD3 subunits,
for example CD3 epsilon, CD3 delta, CD3 gamma, CD3 zeta, CD3 alpha and CD3
beta. The non-chimpanzee primate, non-human CD3 antigens as referred to herein
are, for example, Macaca fascicularis CD3 and Macaca mulatta CD3. In Macaca
fascicularis, it encompasses CD3 epsilon FN-18 negative and CD3 epsilon FN-18
positive, CD3 gamma and CD3 delta. In Macaca mulatta, it encompasses CD3
epsilon, CD3 gamma and CD3 delta. Preferably, said CD3 as used herein is CD3
epsilon.

The human CD3 epsilon is indicated in GenBank Accession No.NM_000733 and
comprises SEQ ID NO. 1. The human CD3 gamma is indicated in GenBank
Accession NO. NM_000073. The human CD3 delta is indicated in GenBank
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Accession No. NM_000732.

The CD3 epsilon “FN-18 negative” of Macaca fascicularis (i.e. CD3 epsilon not
recognized by monoclonal antibody FN-18 due to a polymorphism as set forth above)
is indicated in GenBank Accession No. AB073994.

The CD3 epsilon “FN-18 positive” of Macaca fascicularis (i.e. CD3 epsilon
recognized by monoclonal antibody FN-18) is indicated in GenBank Accession No.
AB073993. The CD3 gamma of Macaca fascicularis is indicated in GenBank
Accession No. AB073992. The CD3 delta of Macaca fascicularis is indicated in
GenBank Accession No. AB073991.

The nucleic acid sequences and amino acid sequences of the respective CD3
epsilon, gamma and delta homologs of Macaca mulatta can be identified and isolated
by recombinant techniques described in the art (Sambrook et al. Molecular Cloning:
A Laboratory Manual; Cold Spring Harbor Laboratory Press, 3™ edition 2001). This
applies mutatis mutandis to the CD3 epsilon, gamma and delta homologs of other
non-chimpanzee primates as defined herein. The identification of the amino acid
sequence of Callithrix jacchus, Saimiri sciureus und Saguinus oedipus is described in
the appended examples. The amino acid sequence of the extracellular domain of the
CD3 epsilon of Callithrix jacchus is depicted in SEQ ID NO: 3, the one of Saguinus
oedipus is depicted in SEQ ID NO: 5 and the one of Saimiri sciureus is depicted in
SEQ ID NO: 7.

The human PSMA is indicated in GenBank Accession No. 'AY101595'. The cloning
of the PSMA homolog of macaque is demonstrated in the following examples, the
corresponding cDNA and amino acid sequences are shown in SEQ ID NOs. 223 and
224, respectively.

In line with the above, the term “epitope” defines an antigenic determinant, which is
specifically bound/identified by a binding domain as defined herein. The binding
domain may specifically bind to/interact with conformational or continuous epitopes,
which are unique for the target structure, e.g. the human and non-chimpanzee
primate CD3 epsilon chain or the human and non-chimpanzee primate PSMA. A
conformational or discontinuous epitope is characterized for polypeptide antigens by
the presence of two or more discrete amino acid residues which are separated in the
primary sequence, but come together on the surface of the molecule when the

polypeptide folds into the native protein/antigen (Sela, (1969) Science 166, 1365 and
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Laver, (1990) Cell 61, 553-6). The two or more discrete amino acid residues
contributing to the epitope are present on separate sections of one or more
polypeptide chain(s). These residues come together on the surface of the molecule
when the polypeptide chain(s) fold(s) into a three-dimensional structure to constitute
the epitope. In contrast, a continuous or linear epitope consists of two or more
discrete amino acid residues, which are present in a single linear segment of a
polypeptide chain. Within the present invention, a “context-dependent” CD3 epitope
refers to the conformation of said epitope. Such a context-dependent epitope,
localized on the epsilon chain of CD3, can only develop its correct conformation if it is
embedded within the rest of the epsilon chain and held in the right position by
heterodimerization of the epsilon chain with either CD3 gamma or delta chain. In
contrast, a context-independent CD3 epitope as provided herein refers to an N-
terminal 1-27 amino acid residue polypeptide or a functional fragment thereof of CD3
epsilon. This N-terminal 1-27 amino acid residue polypeptide or a functional fragment
thereof maintains its three-dimensional structural integrity and correct conformation
when taken out of its native environment in the CD3 complex. The context-
independency of the N-terminal 1-27 amino acid residue polypeptide or a functional
fragment thereof, which is part of the extracellular domain of CD3 epsilon,
represents, thus, an epitope which is completely different to the epitopes of CD3
epsilon described in connection with a method for the preparation of human binding
molecules in WO 2004/106380. Said method used solely expressed recombinant
CD3 epsilon. The conformation of this solely expressed recombinant CD3 epsilon
differed from that adopted in its natural form, that is, the form in which the CD3
epsilon subunit of the TCR/CD3 complex exists as part of a noncovalent complex
with either the CD3 delta or the CD3-gamma subunit of the TCR/CD3 complex.
When such solely expressed recombinant CD3 epsilon protein is used as an antigen
for selection of antibodies from an antibody library, antibodies specific for this antigen
are identified from the library although such a library does not contain antibodies with
specificity for self-antigens/autoantigens. This is due to the fact that solely expressed
recombinant CD3 epsilon protein does not exist in vivo; it is not an autoantigen.
Consequently, subpopulations of B cells expressing antibodies specific for this
protein have not been depleted in vivo; an antibody library constructed from such B
cells would contain genetic material for antibodies specific for solely expressed

recombinant CD3 epsilon protein.
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However, since the context-independent N-terminal 1-27 amino acid residue
polypeptide or a functional fragment thereof is an epitope, which folds in its native
form, binding domains in line with the present invention cannot be identified by
methods based on the approach described in WO 2004/106380. Therefore, it could
be verified in tests that binding molecules as disclosed in WO 2004/106380 are not
capable of binding to the N-terminal 1-27 amino acid residues of the CD3 epsilon
chain. Hence, conventional anti-CD3 binding molecules or anti-CD3 antibody
molecules (e.g. as disclosed in WO 99/54440) bind CD3 epsilon chain at a position
which is more C-terminally located than the context-independent N-terminal 1-27
amino acid residue polypeptide or a functional fragment provided herein. Prior art
antibody molecules OKT3 and UCHT-1 have also a specificity for the epsilon-subunit
of the TCR/CD3 complex between amino acid residues 35 to 85 and, accordingly, the
epitope of these antibodies is also more C-terminally located. In addition, UCHT-1
binds to the CD3 epsilon chain in a region between amino acid residues 43 to 77
(Tunnacliffe, Int. Immunol. 1 (1989), 546-50; Kjer-Nielsen, PNAS 101, (2004), 7675-
7680; Salmeron, J. Immunol. 147 (1991), 3047-52). Therefore, prior art anti-CD3
molecules do not bind to and are not directed against the herein defined context-
independent N-terminal 1-27 amino acid residue epitope (or a functional fragment
thereof). In particular, the state of the art fails to provide anti-CD3 molecules which
specifically binds to the context-independent N-terminal 1-27 amino acid residue
epitope and which are cross-species specific, i.e. bind to human and non-

chimpanzee primate CD3 epsilon.

For the generation of a, preferably human, binding domain comprised in a bispecific
single chain antibody molecule of the invention, e.g. monoclonal antibodies binding to
both the human and non-chimpanzee primate CD3 epsilon (e.g. macaque CD3
epsilon) or monoclonal antibodies binding to both the human and non-chimpanzee
primate PSMA can be used.

As used herein, “human” and “man” refers to the species Homo sapiens. As far as
the medical uses of the constructs described herein are concerned, human patients

are to be treated with the same molecule.

It is preferred that at least one of said first or second binding domains of the

27



10

20

25

30

WO 2011/121110 PCT/EP2011/055104

bispecific single chain antibody of the invention is CDR-grafted, humanized or
human. Preferably, both the first and second binding domains of the bispecific single
chain antibody of the invention are CDR-grafted, humanized or human.

The term “human” antibody as used herein is to be understood as meaning that the
bispecific single chain antibody as defined herein, comprises (an) amino acid
sequence(s) contained in the human germline antibody repertoire. For the purposes
of definition herein, said bispecific single chain antibody may therefore be considered
human if it consists of such (a) human germline amino acid sequence(s), i.e. if the
amino acid sequence(s) of the bispecific single chain antibody in question is (are)
identical to (an) expressed human germline amino acid sequence(s). A bispecific
single chain antibody as defined herein may also be regarded as human if it consists
of (a) sequence(s) that deviate(s) from its (their) closest human germline
sequence(s) by no more than would be expected due to the imprint of somatic
hypermutation. Additionally, the antibodies of many non-human mammals, for
example rodents such as mice and rats, comprise VH CDR3 amino acid sequences
which one may expect to exist in the expressed human antibody repertoire as well.
Any such sequence(s) of human or non-human origin which may be expected to exist
in the expressed human repertoire would also be considered “human” for the

purposes of the present invention.

As used herein, the term “humanized”, “humanization”, “human-like” or grammatically
related variants thereof are used interchangeably to refer to a bispecific single chain
antibody comprising in at least one of its binding domains at least one
complementarity determining region (“CDR”) from a non-human antibody or fragment
thereof. Humanization approaches are described for example in WO 91/09968 and
US 6,407,213. As non-limiting examples, the term encompasses the case in which a
variable region of at least one binding domain comprises a single CDR region, for
example the third CDR region of the VH (CDRH3), from another non-human animal,
for example a rodent, as well as the case in which a or both variable region/s
comprise at each of their respective first, second and third CDRs the CDRs from said
non-human animal. In the event that all CDRs of a binding domain of the bispecific
single chain antibody have been replaced by their corresponding equivalents from,
for example, a rodent, one typically speaks of “CDR-grafting”, and this term is to be
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