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PHARMACEUTICAL COMPOSITIONS COMPRISING BISPECIFIC ANTI-CD3, ANTI-CD19
ANTIBODY CONSTRUCTS FOR THE TREATMENT OF B-CELL RELATED DISORDERS

The present invention relates to a pharmaceutical composition comprising 2
bispecific single chain antibody construct, said bispeciﬂc single chain antibody
construct comprising binding domains specific for human CD3 and human CD19,
wherein the corresponding variable heavy chain regions (Vu) and the corresponding
variable light chain regions (V,) are arranged, from N-terminus to C-terminus, in the
order, Vi(CD18)-V(CD19)-Vi(CD3)-V(CD3), Vu(CD3)-V(CD3)-Vi4(CD19)-V (CD19)
or Vx(CD3)-V (CD3)-V,(CD19)-V4{CD19). Furthermore, processes for the production
of said pharmaceutical compositions as well as medical/pharmaceutical uses for the

specific bispecific single chain antibody molecules bearing Speciﬁbities for the human
CD3 antigen and the human CD19 antigen are disclosed.

Despite the medical importance, research in B-cell mediated diseases such as non-
Hodgki_ri lymphoma has produced only a small number of dlinically usable data and
conventional approaches to cure such diseases remain tedious and unpleasant
and/or have a high risk of relapse. For example, although high dose chemotherapy
as a primary treatment for high grade non-Hodgkin lymphoma may improve overall
survival, about 50% of the patients still die of this disease (Gianni, N Engl. J. Med.
336 (1997), 1290-7‘; Urba, J. Natl. Cancer Inst. Monogr. (1990), 29-37; Fisher,
Cancer (1994)). Moreover, low-grade rbn-Hodgkin lymphoma-like chronic lymphatic
leukemia and mantie cell‘lymphoma are still incurable. This has- stimulated the
search for altemative strategies such as immunotherapy. Antibodies directed against
cell surface molecules defined by CD antigens represent a unique opportunity for the
development of therapeutic reagents. The expression of certain CD antigens is highly
restricted to specific lineage lymphohematopoietic cells and over the past several
years, antibodies directed against lymphoid-specific antigens have been used fo
develop treatments that were effective either In vitro or in vivo animal models
(Bohlen, Blood 82 (1993), 1803-121; Bohlen, Cancer Res 53 (1993), 18: 4310-4;

Bohlen, Cancer Res 57 (1997), 1704-9; Haagen, Clin Exp Immunol 90 (1992), 368- -
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'75; Haagen, Cancer Immunol Immunother. 39 (1994), 391-6; Haagen, Blood 84

(1994), 556-63; Haagen, Blood 85 (1995), 3208-12; Weiner, Leuk Lymphoma 16
(1995), 199-207; Csoka, Leukemia 10 (1996), 1765-72.). In this respect CD19 has
proved to be a very useful target. CD19 is expressed in the whole B lineage from the
pro B cell to the mature B celi, it is not shed, is uniformly expressed on all lymphoma
cells, and is absent from stem cells (Haagen, Clin Exp Immunol 90 (1992), 368-75;
Uckun, Proc. Natl. Acad. Sci. USA 85 (1988), 8603-7). An interesting modality is the
application of a bispecific antibody with one specificity for CD19 and the other for the
CD3 antigen on T cells. However, bispecific antibodies thus far available suifer from
low T-cell cytotoxicity and the need of costimulatory agents In order to display
satisfactory biological activity, The CD3 complex denotes a.n antigen that is
expressed on T-cells as part of the multimolecular T-cell receptor complex. It consists
of several different chains for instance v, 9, ¢, { or/and ny chains. Clusfering of CD3 on
T cells, e.g., by immobilized anti-CD3-antibodies, leads to T cell activation simiiar to
the engagement of the T cell receptor but independent' 'from its clone typical
specificity. Actually, most anti-CD3-antibodies recognize the CD3e-chain.

Prior art has exemplified T cell activation events employing antibody molecules. For
example, US 4,361,549 proposes a hybrid cell line for the production of monocional
antibody to an antigen found on normal human T cells and cutaneous T Iymbhoma
cells and defines the antibody prbduced as"‘OKTS”. In US 5,885,573 the murine
OKT3 (described in US 4,361,549) has been fransferred into a human antibody
framework in order to reduce its immunogenicity. Furthermore, US 5,885,573
discloses specific mutations in the Fc receptor (“FcR")-binding segment of OKT-3
which leads to a Glu at position 235, a Phe at position 234 or a Leu at posit'ion 234,
i.e. to specific mutations in the CH2 region which are supposed to result in modified
binding affinities for human FcR. In proliferation assays or in assays relating to the
release of cytokines, the mutated OKT-3 antibodies disclosed in US 5,885,573
appear to result in comparable cell proliferations to that observed with PBMC
stimulated with the original murine OKT3 and to similar amounts of cytokines
produced. Merely the mutated Glu-235 mAb induced smaller quantities of TNF-a and

GM-CSF and no IFN-y. No T cell proliferation was induced by Glu-235 monoclonal
antibody (“mab”) using PBMC from three different donors at mab concentrations up

to 10 ng/mi, suggesting that the alteration of the FcR binding region of this mab had



CA 02522586 2016-03-21

3
Impaired its mitogenic properties. T cell activation by Glu-235 mab also resulted in

lower levels of expression of surface markers Leu23 and IL-2 receptor. US 5,929,212
discloses a recombinant antibody molecule in which the binding regions have been
derived from the heavy and/or light chain variable regions of a murine anti-CD3
antibody, e.g. OKT3, and have been grafted into a human framework. WO 98/52975
discloses a mutated variant of the murine anti-CD3 antibody OKT3. The mutated
OKT3 antibody is produced using a recombinant expression system and
WO 98/52975 proposes that the mutated anti-CD3 antibody is more stable than the
parental OKT3 protein during extended storage periods. US 5,955,358 discloses a
method of shuffling, at the DNA level, multiple complementarity determining (,CDR”)
domains, either from the same or different antibodies, meaning that their order within
antibody variable domains is altered to yield new combinations of binding regions.

OKT3 has been used as potent immunosuppressive agent in clinical transplantation
to treat allograft rejection (Thistlethwaite 1984, Transplantation 38, 695-701; Woodle
1991, Transplantation 51, 1207-1212; Choi 2001, Eur. J. Immunol. 31(1), 94-106).
Major drawbacks of this therapy are T cell activation manifested in cytokine release

due to cross-linking between T cells and FcyRQbearlng cells and the human anti-

- mouse antibody (HAMA) reéponse. Several publications have described alterations
such as humanization of OKT3 to reduce these side effects: US 5,929,212; US
9,885,573 and others. On the other hand, OKT3 or other anti-CD3-antibodies can be
used as immunopotentiating agents to stimulate T cell activation and proliferation
(US 6,406,696 Bluestone; US 6,143,297 Bluestone; US 6,113,901 Bluestone;

Yannelly 1990, J. Immunol. Megth. 1, 91—100). Anti-CD3-antibodies have also been
described as agents used in combination with anti-CD28-antibodies to induce T cell

proliferation (US 6,352,694). OKT3 has further been used by itself or as a component
of a bispecific antibody to target cytotoxic T cells to tumor cells or virus infected cells
(Nitta 1990, Lancet 335, 368-376; Sanna 1995, Bio/Technology 13, 1221-1224;
WO 99/54440).

Approaches up fo now using antibodies as agents for recruiting T-cells have been
hampered by several findings. First, natural or engineered antibodies having a high
binding affinity to T-cells often do not activate the T-cells to which they are bound.
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Second, natural or engineered antibodies having a low binding affinity to T-cells are

also often ineffective with respect to their ability to trigger T-cell mediated cell lysis. '

Bispecific antibodies comprising specificities for human CD19 and human CD3 which
are not of the single-chain format and which retarget T-cell cytotoxicity to lymphoma
cells in an MHC-independent manner have already been shown to be effective in
vivo in animal models (Bohlen, Cancer Res 57 (1997), 1704-9; Demanet, Int J
Cancer Subpl 7 (1992), 67-8) as well as in some pilot clinical trials. So far these
antibodies were constructed by hybrid-hybridoma techniques, by covalently linking
the monoclonal antibodies (Ahderson, Blood 80 (1992), 2826-34) or by a diabody
approach (Kipriyanov, Int. J. Cancer 77 (1998), 763-772). More extensive clinical
studies have been hampered by the fact that these antibodies have low biological
activity such that high dosages have to be administered and that application of the
antibodies alone did not provide for a beneficial therapeutic effect. Furthermore, the
availability of clinical grade material was limited. The prior art has exemplified
bispecific single chain antibodies comprising specificities for both human CD3 and
human CD19 antigens (Loffler, Blood 95 (2000), 2098-103; WO 99/54440; Dreier, Int.
J. Cancer. 100 (2002), 690-7). WO 99/54440 documents the successful clinical use
of a construct in the format VL(CD19)§VH(CD19)~VH‘(CD3)-VL(CD3) and stresses that
the order of variable domains within the construct is not decisive. |

Yet, in particular for distinct clinical and pharmaceutical uses, constructs have to be
provided which can be prodi.ioed in large amounts by reasonably high levels of

expression of the recombinant constructs and by adequate purification methods after |
expression. In the event that extremely low amounts of pure protein are obtained, it

becomes prohibitively cumbersome and/or costly to generate therapeutically relevant
amounts of such constructs. In the special case of proteinaceous medicaments
intended for parental administration, these medicaments should be highly active and
potent, even in low concentrations, in order to avoid adverse side-effects due to
excessive protein concentrations or voluminous infusion/injection solutions.
Disadvantages of highly-dosed proteinéceous medicaments or highly-dosed
medicaments based on nucleic acids comprise, inter alia, the promotion of
hypersensitivities and inflammatory events, in particular at the site of administration.
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Thus, the technical problem of the present invention is the provision of means and

methods for the generation of well tolerated and convenient medicaments for the
treatment and or amelioration of B-cell related or B-cell mediated disorders.

Accordingly, the present invention relates to a pharmacel.itical composition
comprising a bispecific single chain antibody construct, said bispecific single chain
antibody construct comprising binding domains specific for human CD3 and human
CD19, wherein the comresponding variable heavy chain regions (VW) and the
corresponding variable light chain regions (VL) are arranged, from N-terminus to C-
terminus, in the order,

VH(CD19)-V (CD19)-Vy(CD3)-V (CD3),

VH(CD3)-V (CD3)-Vu(CD19)-V (CD19) or

Vh(CD3)-VL(CD3)-V (CD19)-V1(CD19).

Accordingly, "V." and "V4" means the variable domain of the light and heavy chain of
specific anti-CD19 (CD19) and anti-CD3 (CD3) antibodies. | |

“In accordance with this invention, the term “pharmaceutical composition” relates to a
composition for administration to a patient, preferably a human patient. In a preferred
embodiment, the phammaceutical composition comprises a composition for
pafenteral, transdermal, intraluminal, intraarterial, intrathecal administration or by
direct injection into tissue. It is in particular envisaged that said pharmaceutical
composition is administered to a patient via infusion or injection. Administration of the
suitable compositions may be effected by different ways, e.g., by intravenous,
intraperitoneal, subéutaneous, intramuscular, topical or intradermal administration.
The pharmaceutical composition of the present invention may further comprisé a
" pharmaceutically acceptable carrier. Examples of suitable pharmaceutical carriers
ére well known in the art and include phosphate buffered saline solutions, water,
emulsions, such as oil/water emulsions, various types of wetting agents, sterile
solutions, etc. Compositions comprising such carriers can be formulated by well
known conventional methods. These pharmaceutical compositions can be
administered to the subject at a suitable dose. The dosage regiment will be
determined by the attending physician and clinical factors. As is well known in the
medical arts, dosages for any one patient depend upon many factors, including the
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patient's size, body surface area, age, the particular compound to be administered,

sex, time and route of administration, general health, and other drugs being
administered concurrently. A preferred dosage for administration might be in the
range of 0.24 ug to 48 mg, preferably 0.24 ug to 24 mg, more preferably 0.24 pg to
2.4 mg, even more preferably 0.24 ug to 1.2 mg and most preferably 0.24 ug to 240
ug units per kilogram of body weight per day. Particularly preferred dosages are
recited herein below. Progress can be monitored by periodic assessment. Dosages
will vary but a preferred dosage for intravenous administration of DNA is from.
approximately 10° to 10" copies of the nucleic acid molecule, preferably a DNA
molecule. The pharmaceutical compositions of the invention comprising
proteinaceous or nucleic acid compounds described herein may be administered
locally or systematically. Administration will generally be parenterally, e.g.,
~ Intravenously; DNA may also be administered directed to the target site, e.g., by
biolistic delivery to an internal or external target site or by catheter to a site in an
artery. Preparations for parenteral administration include sterile aqueous or non-
aqueous solutions, suspensions, and emulsions. Examples of non-aqueous solvents
are propylene glycol, polyethylene glycol, vegetable oils such as olive oil, and
injectable organic esters such as ethyl oleate. Aqueous carriers include water,
alcoholic/aqueous solutions, emulsions or suspensions, ihcluding saline and buffered
media. Parenteral vehicles include sodium chloride solution, Ringer's dextrose,
dextrose and sodium chloride, ‘Iactated Ringer's, or fixed oils. Intravenous vehicles
include fluid and nutrient replenishers, electrolyte replenishers (such as those based
on Ringer's dexirose), and the like. Preservatives and other additives may also be
present such as, for example, antimicrobials, anti-oxidants, chelating agents, inert
gases and the like. In addition, the pharmmaceutical composition of the present
invention might comprise proteinaceous carrie}'s, like, e.g., serum albumin or
immunoglobulin, preferably of human origin. It is envisaged that the pharmaceutical
composition of the invention might co‘mprise, in addition to the proteinaceous
bispecific single chain antibody constructs or nucleic acid molecules or vectors
encoding the same (as described in this invention), further biologically active agents,
depending on the intended use of the pharmaceutical goniposition. Such agents
might be drugs acting on the gastro—intestinal system, drugs acting as cytostatica,
drugs preventing hyperurikemia, drugs inhibiting immunoreactions (e.g.
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corticosteroids), drugs acting on the circulatory system and/or agents such as T-cell

co-stimulatory molecules or cytokines known in the art.

The term “bispecific single chain antibody construct” relates to a construct comprising
one domain consisting of variable regions (or parts thereof) as defined above,
capable of specifically interacting with/binding to human CD3 and comprising a
second domain consisting of variable regions (or parts thereof) as defined above,
capable of specifically interacting with/binding to human CD19.

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
amino acids of each of the human target molecule as defined herein. Said term
relates to the specificity of the antibody molecule, i.e. to its ability to discriminate
between the specific regions of the human target molecule as defined herein. The
specific interaction of the antigen-interaction-site with its specific antigen may resuilt
In an 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. Further, said binding may be
exemplified by the specificity of a “key-lock-principle”. Thus, specific motifs in the
amino acid sequence of the antigeh—interaction-site and the antigen bind to each
other as a result of their primary, secondary or tertiary structure "aé 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.

The term "specific interaction” as used in accordance with the present invention
means thai the bispecific single chain construct does not or essentially does not
cross-react with (poly)peptides of similar structures. Cross-reactivity of a panel of
bispecific single chain construct under investigation may be tested, for example, by
assessing binding of said panel of bispecific single chain construct under
conventional conditions (see, e.g., Harlow and Lane, Antibodies: A Laboratory
Manual, Cold Spring Harbor Laboratory Press, 1988 and Using Antibodies: A
Laboratory Manual, Cold Spring Harbor Laboratory Press, 1999) to the (poly)peptide
of interest as well as to a number of more or less (structurally and/or functionally)
closely related (poly)peptides. Only those antibodies that bind to the
(poly)peptide/protein of interesft but do not or do not essentially bind to any of the

other (poly)peptides are considered specific for the (poly)peptide/protein of interest.
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Examples for the specific interaction of an antigen-interaction-site 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 corresponding ligands comprise cytokines which interact/bind
with/to its specific cytokine-receptors. Also particularly comprised by said definition is
the binding of an' antigen-interaction-site to antigens like antigené of the selectin
family, integrins and of the family of growth factors like EGF. An other example for
said interaction, which is also particularly comprised by said definition, is the
interaction of an antigenic determinant (epitope) with the antigenic binding site of an
antibody. |

The term "binding tofinteracting with” may also relate to a conformational epitope, a
structural epitope or a discountinuous epitope'consisting of two regions of the human
target molecules or parts thereof. In context of this invention, a conformational
epitope is defined by two or more discrete amino acid sequences separated in the
primary sequence which come together on the surface of the molecule when the
polypeptide folds to the native protein (Sela, (1969) Science 166, 1365 and Laver,
(1990) Cell 61, 553-6). |
The term .“discontinuous epitope” means in context of the invention non-linear
epitopes that are assembled from residues from distant portions of the pol'ypeptide-
chain. These residues come together on the surface of the molecule when the
polypeptide chain folds into a three-dimensional structure to constitute ' a
conformational/structural epitope.

According to the present invention the term “variable region” used in the context with
|g-derived antigen-interaction comprises fragments and derivatives of (poly)peptides
which at least comprise one CDR derived from an antibody, antibody fragment or
derivative thereof. It is envisaged by the invention, that said at least one CDR is
preferably a CDR3, more breferably the CDRS3 of the heavy chain of an antibody
(CDR-H3). However, other antibody derived CDRs are also particularly comprised by
the term “variable region”

The “specific binding” of an antibody is characterized primarily by two parameters: a
qualitative parameter (the binding epitope, or where the antibody binds) and a
quantitative parameter (the binding afﬁnity, or how strongly it binds where it does).
Which epitOpe Is bound by an antibody can advantageously be determined by e.g.
known FACS methodology, peptide-spot epitope mapping, mass spectroscopy. The
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strength of antibody binding to a particular epitope may be advantageously be

determined by e.g. known BlAcore and/or ELISA methodologies. A combination of
such techniques éllows the .calculation of a signal:noise ratio as a representative
measure of binding specificity. In such a signal:noise ratio, the signal represents the
strength of antibody binding to the epitope of interest, whereas the noise represents
the strength of antibody binding to other, non-related epitopes differing from the
epitope of interest. In general, any time an antibody binds more frequently and/or
strongly to one epitope than another epitope, such antibody may be said to bind the
former epitope specifically. Preferably, a signal:noise ratio for an epitope of interest
which is about 50-fold higher than for other epitopes different from the epitope of
Interest may be taken as an indication that the antibody evaluated binds the epitope
of interest in a specific manner, i.e. is a “specific binder”.
As will be detailed below, a part of a variable region may be at least one CDR
(“Compiementary determining region”), most preferably at least the CDR3 fegion.
Said two domains/regions in the singlé chain antibbdy_ construct are preferably
covalently connected to one another as a single chain. This connection can be
effected either directly (domain1 directed against CD3 — domain2 directed against
CD 19 or domain1 directed against CD19 — domain2 directed against CD3) or
through an additional polypeptide linker sequence (domain1 — linker sequence — |
domain2). In the event that a linker is used, this linker is preferably of a length and
| sequence sufficient to ensure 't'hat each of the first and second domains can,
iIndependently from one another, retain their differential binding specificities. Most
preferably and as documented in the appended examples, the "bispecific single chain
antibody construct” to be e‘mployed in the pharmaceutical composition of the
invention is a bispecific single chain Fv (scFv). Bispecific single chain molecules are
known in the art and are described in WO 99/54440, Mack, J. Immunol. (1997), 158,
3965-3970, Mack, PNAS, (1995), 92, 7021-7025, Kufer, Cancer Immunol.
Immunother., (1997), 45, 193-197, Loffler, Blood, (2000), 95, 6, 2098-2103, Brihl,
Immunol., (2001), 166, 2420-2426, Kipriyanov, J. Mol. Biol., (1999), 293, 41-56.
The term "single-chain" as used in accordance with the present invention means that
said first and second domain of the bispecific single chain construct are covalently

linked, preferably In the form of a co-linear amino acnd sequence encodable by a
single nucleic acid molecule.
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As pointed out above, CD19 denotes an antigen that is expressed in the B lineage

such as in the pro B cell and the mature B cell, it is not shed, is uniformly expressed
on all lymphoma cells, and is absent from stem cells (Haagen (1992) loc.cit; Uckuﬁ
(1988) PNAS 85, 8603-8607). CD3 denotes an antigen that is expressed on T-cells
as part of the multimolecular T-cell receptor complex and that consists of at least
three different chains CD3¢e, CD38 and CD3y. Clustering of CD3 on T-cells, e.g., by
immobilized anti-CD3-antibodies, leads to T-cell activation similar to the engagement
of the T-cell receptor but independent from its clone typical specificity. Actually, most
anti-CD3-antibodies recbgnize the CD3e-chain.

Antibodies that specifically recognize CD19 or CD3 antigen are described in the prior
art, e.g., in Dubel (1994), J. Immunol. Methods 175, 89-95; Traunecker (1991) EMBO
J. 10, 3655-3699 or Kipriyanov, (1998), loc.cit. Further illustrative examples are listed
below. Furthermore, antibodies directed against human CD3 and/or human CD19
can be generated by conventional methods known in the art. '

Here it was surprisingly found that bispecific single chain constructs directed against
human CD3 and human CD19 and comprising variable regions (VH (corresponds to
Vh),VL (corresponds to V._)) or parts thereof (e.g. CDRs) in the format Vx(CD19)-
VL(CD19)-Vy(CD3)-VL(CD3), Vu(CD3)-VL(CD3)-Vu(CD19)-VL(CD19) or Vu(CD3)-
Vi(CD3)-V (CD19)-Vy(CD19) are particularly useful as pharmaceutical compc‘Jsi'tions
since these constructs are advantageous over constructs of similar formats, like
Vi(CD3)-Vx(CD3)-V (CD19)-V(CD19), VL (CD3)-V(CD3)-V(CD19)-Vi(CD19),

VL(CD19)-Vy(CD19)-VL(CD3)-Vx(CD3) or VK(CD19)-V(CD19)-VL(CD3)-Vu(CD3).
The latter four constructs/construct formats are characterized by less advantageous
cytotoxic activity as reflected by ECs, values and/or less efficient or compiete
purifications as shown in the appended exampies. it was in particular surprising that
the anti-CD3 part of the single chain constructé to be employed in accordance with
the invention are highly bioactive in N- as well as C-terminal position, whereas
arrangements in Vi(CD3)-V (CD3) are particularly preferred. The constructs to be
employed in the pharmaceutical composition of the invention are characterized by
advantageous production and purification properties as well as by their high
bioactivity, i.e. their desired cytotoxic activity. The corresponding high bioactivity is
reflected by low to very low ECsq values as determined in cytotoxicity tests. The term
“ECsp” corresponds, in context of this invention, to ECsp values as determined
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according to the methods known in the art and as illustrated in the appended

examples: a standard dose-response curve is defined by four parameters: the
baseline response (Bottom), the méximﬁm response (Top), the slope of dose-
response increase, and the drug concentration that elicits a response halfway
between baseline and maximum (ECso). ECso is defined as the concentration of a
drug or molecule that elicits a response half way between the baseline (Bottom) and
maximum response (Top). The percentage of cell lysis (i.e. cytotoxic activity) may be
determined by, inter alia, release assays disclosed herein above, for exampie, °'Cr
release assays, LDH-release assays, calcein release assays and the like. Most
preferably, in the context of this invention fluorochrome release assays are employed
as illustrated in the appended examples. Here, strong cytotoxic activity against
CD19-positive cells (experimentally for example NALM®6 cells) of the biépeciﬁc single
chain constructs described herein relates to a molécule comprising ECsp values </-
(less or equal to) 500 pg/ml, more preferably </-400 pg/mi, even more preferably </-
300 pg/ml, even more preferably </-250 pg/ml, most preferably </-200 pg/ml. Here, it
was surprisingly found that certain constructs having the formats VH(CD1Q)-
VL(CD19)-VH(CD3)-VL(CD3) and VH(CD3)-VL(CD3)-VH(CD19)-VL(CD19)
demonstrate advantageous properties in addition to high cytotoxic activity which
make these constructs well-suited to inclusion in pharmaceutical compositions. In
contrast, other constructs such as VH(CD19)-VL(_CD'1 N-VL(CD3)-VH(CD3) are only
very poorly producible/isolatable making, for example the latter construct very poorly
suited to inclusion in pharmaceutical compositions.

In a preferred embodiment of the pharmaceutical composition of this invention, the
VH and VL regions of said CD3 specific domain are derived from a CD3 specific
antibody selected from the group consistihg of X35-3, ViT3, BMAQ30 (BW264/56),'
CLB-T3/3, CRIS7, YTH12.5, F111-409, CLB-T3.4.2, WT31, WT32, SPv-T3b, 11D8,
XHi-141, XllI-46, XIII-87, 12F6, T3/RW2-8C8, T3/RW2-4B6, OKT3D, M-T301, SMC2
and F101.01. These CD3-specific antibodies are well known in the art and, inter alia,
described in Tunnacliffe (1989), Int. Immunol. 1, 546-550. In a more preferred
embodiment, said VH and VL regions of said CD3 specific domain are derived from
OKT-3 (as defined and described above) or TR-66. Even more preferred (and as
'illustrated in the appended examples) said VH and VL regiohs are or are derived
from an antibody/antibody derivative specifically directed against CD3 described by
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Traunecker (1991), EMBO J. 10, 3655-3659. In accordance with this invention, said

VH and VL regions are derived from antibodies/antibody derivatives and the like
which are capable of specifically recognizing human CD3 epsilon in the context of
other TCR subunits, e.g. in mouse T cells transgenic for human CD3 epsilon. These
transgenic mouse cells express human CD3 epsilon in a native or near native
conformation. Accordingly, the VH and VL regions. derived from a CD3-epsilon-
specific antibody are most preferred in accordance with this invention and said
(parental) antibodies should be capable of specifically binding epitopes reflecting the
native or near native structure or a conformational epitope of human CD3 presented
in context of the TCR complex. Such antibodies have been classified by Tunnacliffe
(1989) as “group II” antibodies. Further classifications in Tunnacliffe (1989) comprise
the definition of “group 1 “and “group Il “ antibodies directed against CD3. “Group I”
antibodies, like UCHT1 , recognize CD3 epsilon both expressed as recombinant
protein as well as part of the TCR on the cell surface. Therefore, “group I” antibodies
are highly specific for CD3 epsilon. In contrast, the herein preferred “group Il
antibodies recognize CD3 epsilon only in the native TCR complex in association with
other TCR subunits. Without being bound by theory, it is speculated in context of this
invention that in “group 11" antibodies, the TCR context is required for recognition of
CD3 epsilon. CD3 gamma and/or delta, being associated with epsilon, are also
involved in binding of “group II” antibodies. Al three.'subunit's express Immuno-
tyrosine activation motifs (ITAMs) which can be tyrosine phosphorylated by protein
tyrosine kinases. For this reason “group II” antibodies induce T cell signaling via CD3
epsilon, gamma and delta, leading to a stronger signal conipared to “group I”
antibodies selectively inducing T cell signaling via CD3 épsilon. Yet, since for
therapeutic applications induction of a strong T cell signaling is desired, the VH
(CD3) /VL (CD3)- regions (or parts thereof) to be employed in the bispecific single
chain constructs comprised in the inventive pharmaceutical .composition, are
preferably derived from antibodies directed against human CD3 and classified as
“group lI” by Tunnacliffe (1989), loc.cit..

Antibodies/antibody molecules/antibody derivatives directed against human CD19
which provide for variable regions (V4 and Vi) to be employed in the bispecific single
chain construct(s) comprised in the inventive pharmaceutical composition are also
well known in the art and illustrated in the appended examples. Preferred antibodies
directed to human CD19 are: 4G7 (Meecker (1984) Hybridoma 3, 305-20); B4
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(Freedman (1987) Blood 70, 418-27; B43 (Bejcek (1995) Cancer Res. 55, 2346-51);

BU12 (Flavell (1995) Br. J. Cancer 72, 1373-9); CLB-CD19 (De Rie (1989) Cell.

Immunol. 118, 368-81); Leu-12 (MacKenzie (1987), J. Immunol. 139, 24-8); SJ25-C1
(GenTrak, Plymouth Meeting, Pa)

In a most preferred embodiment of the invention said V4(CD19) and V| (CD19)
regions (or parts, like CDRs, thereof) are derived from the antibody provided by the
HD37 hybridoma (Pezzutto (1997), J. Immunol. 138, 2793-9). '

As is well known, Fv, the minimum antibody fragment which contains a complete
antigen recognition and binding site, consists of a dimer of one heavy and one light
chain variable domain (VH and VL) in non-covalent association. In this configuration
corresponding to the one found in native antibodies, the three CDRs of each variable
domain interact to define an antigen binding site on the surface of the VH-VL dimer.
Collectively, the six CDRs confer antigen binding specificity to the antibody.
Frameworks (FRs) flanking the CDRs have a tertiary structure which is essentially
conserved in native immunoglobulins of species as dfverse as human and mouse.
These FRs serve to hold the CDRs in their app'ropriaté orientation. The oohstant

domains are not required for binding function, but may aid in stabilizing VH-VL
interaction.

It is also envisaged in context of the present invention that the bispecific antibody
constructs provided in the phamaceutical composition of the invention are further
modified. In particular, it is envisaged that the bispecific single chain antibody
construct in the format Vu(CD19)-V (CD19)-Vy(CD3)-V.(CD3), VH(CD3)-V(CD3)-
Vu(CD19)-VL(CD19) or Vi(CD3)-V(CD3)-VL(CD19)-V(CD19) as defined herein are
deimmunized. Most preferably, at least the CD3-binding portion is deimmunized.

Deimmunization entails'carrying out substitdtions of amino acids within potential T
cell epitopes.

It is envisaged and preferred that the pharmaceutical composition of the invention,
comprises a bispecific single chain antibody construct in the format Vx(CD19)-
Vi(CD19)-Vx(CD3)-VL(CD3), Vu(CD3)-V(CD3)-Vu(CD19)-V (CD19) or VRK(CD3)-
VL(CD3)-VL(CD19)-Vi(CD19) as defined above, wherein said Vu region comprises at
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least one CDR3 region (CDR-H3 or CDR-3 of Vu) comprising the amino acid

sequence: SEQ ID NO. 54 or 77.

The term "CDR-region” as used herein denotes the “complemé<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>