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Human mini-antibody cytotoxic for tumor cells which express the ErbB2 receptor

Field of the invention

The present invention refers to a human mini-antibody cytotoxic for tumor cells that
express the ErbB2 receptor, its corresponding sequence, the procedure for isolating it, and
its use in therapy.

State of the art

The ErbB2 transmembrane tyrosine kinase receptor (RTK), homologous to the epidermal
growth factor receptor (EGFR) (1, 2), is highly expressed in breast, ovary and lung
carcinomas (3, 4), as well as in salivary gland and gastric tumor-derived cell lines (5, 6). Its
overexpression, which occurs most commonly via gene amplification, can reach as many
as 2x10° molecules per cell. In normal tissues it is expressed at low levels only in certain
epithelial cell types (7). ErbB2 plays a central role in tumor progression, since it
potentiates and prolongs the signal transduction cascades elicited by ligand activation of
other ErbB RTK receptors (8). Overexpression of ErbB2 may also increase resistance of
tumor cells to host defenses by allowing them to evade the immune surveillance against
neoplastic growth exerted by activated macrophages (9). The accessibility of ErtbB2 on the
cell surface, and its implication in the development of malignancy of these tumors make it
an attractive target for immunotherapy.

Several research groups have isolated mouse and rat monoclonal antibodies (mAbs)
directed against ErbB2 extracellular domain (10-12). Some of these mAbs from rodents -
have been shown to be endowed with antiproliferative effects on tumor cells (10-14).
However, as a consequence of their non-human origin, the use of these mAbs as
immunotherapeutic drugs is limited.

A clear progress in this area of research consisted in the development of the antibody
humanization technology with the production of humanized versions of antibodies from
rodents (15). These mADbs retain their specificity and binding affinity, but show reduced
immunogenicity. In particular, a humanized version of an anti-ErbB2 receptor murine
antibody (Herceptin) is in use as a drug for treatment of breast cancer (16, 17).

Antibody fragments (scFv - single chain variable Fragment) have been isolated from
combinatorial libraries expressed on phages, using for selection purified antigens or
peptides immobilized on artificial surfaces. The disadvantages of this type of approach is

that it may lead to the selection of antibodies that do not recognize the antigen in its native
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state, i.e. in its physiological context (37). For example, an anti-ErbB2 scFv isolated by
using the extracellular domain of purified ErbB2 was not capable of binding ErbB2 on the
surface of SKBR3 cells (21).

On the contrary, direct panning (affinity selection on antigen) of an scFv repertoire on live
cells has been shown to be essential for the isolation of antibodies that recognize cell
surface antigens in their native configuration (38). Furthermore, this strategy allows for the
identification of new cell surface antigens, which can be of use in diagnostics or therapy
(22, 38-40).

Recently, it has been possible to isolate fully human scFv with the phage display
technology. This is bsed on the expression of large repertoires of antibody domains on the
capsids of filamentous phages, following their fusion to the phage coat protein pIIl (18,
19). This methodology provides several advantages with respect to the hybridoma
technology, which can be summarized as follows: (i) entirely human nature of the
antibodies; (ii) possibility to bypass animal immunization; (iii) rapid isolation of scFv by
affinity techniques from very large libraries of up to 10" different clones; (iv) availability
of stable scFv after phage selection, with high yields by expression in bacteria of the
selected cDNAs; (v) possibility of obtaining antibodies when classical methodologies may
not succeed, as with toxic antigens or highly conserved in various species.

The phage display technique has already been applied to the production of human scFv
specific for ErbB2, using for their selection its isolated recombinant extracellular domain
(20, 21), or more recently breast tumor cells (22). Given their high affinity for the receptor,
these immunoreagents may be considered precious tools as delivery vehicles for
specifically directing cytotoxic agents to antigen-bearing tumor cells. However, none of

them has antitumor activity.

Summary of the invention
The object of the present invention is a fully human scFv, named Erbicin, specific for the

ErbB2 receptor, with pharmacological, particularly antitumour, activity. Erbicin has been
isolated from a very large phagemid library (Griffin.1 library) (19) of human synthetic
scFv by panning (affinity selection on antigen) carried out on live cells that express
different levels of ErbB2. It has been found that the single chain fragment of a human anti-
ErbB2 antibody, called Erbicin, shows biological properties not described for other anti-
ErbB2 scFv isolated so far. In fact Erbicin binds specifically to the ErbB2 receptor, it is
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internalized by target cells, it severely inhibits receptor phosphorylation, and displays a
powerful growth inhibition of all ErbB2 positive cell lines tested. In addition, a clear
cytotoxic effect was evidenced towards ErbB2 hyper-expressing SKBR3 cells, in which
apoptotic death is induced. These features are present both in soluble Erbicin, and in its
phage format (Ph-Erbicin).

Another object of the invention are the isolated sequences listed in the description, relative
to the corresponding variants, mutants and portions. Particularly relevant are the portions
present in bold type within the sequences.

Another object of the invention are the pharmaceutical compositions comprising as active
principle Erbicin itself in its phage format (Ph-Erbicin), or Erbicin fused to constant
regions from human antibodies, or to toxins, or to molecules with cytotoxic potential, such
as enzymes with ribonuclease or protease activity (clearly known to the expert in the field).
Another object of the invention is the use of the scFv according to the invention in therapy,
particularly as an antitumour agent, more particularly for the treatment of tumors in which
cells express the ErbB2 receptor, such as cells from mammary, ovary or lung carcinomas.
Additional objects of the invention will be evident from the following detailed description
of the invention.

Brief description of the Figures

Fig. 1. Western blot analysis of cell extracts prepared from SKBR3 cells. Extracts were
probed with: scFv displayed on phages (Ph-Erbicin) (lane 1); anti-ErbB2 MgR6 mAb (lane
2); anti-thyroglobulin scFv displayed on phages (lane 3). In lane 4, a cell extract from
SKBR3 cells, previously immunoprecipitated with anti-ErbB2 MgR6 mAb, was probed
with Ph-Erbicin.

Fig. 2A, 2B, 2C, 2D, 2E and 2F. Flow cytometric analysis of Ph-Erbicin binding to ErbB2
expressing cell lines: MDA-MB453 (Fig. 2A and Fig. 2B corresponding to panels A and B
respectively); BT-474 (Fig. 2C and Fig. 2D corresponding to panels C and D respectively);
SK-OV-3 (Fig. 2E and Fig. 2F corresponding to panels E and F respectively). Cells were
probed with Ph-Erbicin (Fig. 2A, Fig. 2C and Fig. 2E corresponding to panels A, Cand E
respectively, shaded peaks) or with a control anti-NIP scFv displayed on phages (unshaded
peaks). In Fig. 2B, Fig. 2D and Fig. 2F (corresponding to panels B, D and F respectively)
cells were probed with anti-ErbB2 MgR6 mAb (shaded peaks), or with OKT3, a control,
unrelated anti-CD3 mAb (unshaded peaks).
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Fig.3. SDS-gel electrophoresis and Western blot analyses of Erbicin. Lanes 1 and 2:
Coomassie staining of Erbicin and control anti-NIP soluble scFv, respectively. In lanes 3 to
6 Western blot analyses are shown of Erbicin (lanes 3 and 5) and anti-NIP scFv (lanes 4
and 6) probed with anti-myc 9E10 mAb (lanes 3 and 4) or with anti-His mAb (lanes 5 and
6).

Fig. 4A, 4B, 4C, 4D, 4E and 4F. Internalization of Ph-Erbicin and Erbicin in SKBR3 cells
as visualized by confocal microscopy. Cells were incubated for 16 hours with Ph-Erbicin
(Fig. 4A corresponding to panel A), or with Erbicin for 2 h (Fig. 4B corresponding to panel
B) or 16 h (Fig. 4C corresponding to panel C). Anti-NIP scFv displayed on phages (Fig.
4D corresponding to panel D) or soluble anti-NIP scFv (Fig. 4E and Fig. 4F corresponding
to panels E and F respectively) were used in parallel as controls. Magnification 1:1000.

Fig. 5. The effects of Erbicin-A7 on ErbB2 phosphorylation. The levels of ErbB2
phosphorylation in extracts from SKBR3 cells, treated for the indicated times with Erbicin
(12 pg/ml), are reported as percentages of the phosphorylation level detected in untreated
cells. In the insert, the effects are shown of: a 2 h treatment with Erbicin (12 pg/ml); a 15
min treatment with EGF (100 ng/ml); the same treatment with EGF on cells previously
treated for 2 h with Erbicin-A7. A control consisted of untreated cells.

Fig. 6A, 6B, 6C and 6D. Effects of Ph-Erbicin (Fig. 6A and Fig. 6B cormresponding to
panels A and B respectively) and Erbicin (Fig. 6C and Fig. 6D corresponding to panels C
and D respectively) on the proliferation of SKBR3 (empty symbols in Fig. 6A and Fig. 6C
corresponding to panels A and C respectively) and A431 (black symbols in Fig. 6A and
Fig. 6C corresponding to panels A and C respectively) cell lines. In the dose-response
curves, cell survival after 72 h is expressed as percentage of live cells with respect to
untreated cells (about 3 x 10* cells). In Fig. 6B and Fig. 6D (corresponding to panels B and
D respectively), the anti-proliferative effects of Ph-Erbicin (2 x 10" cfwml, Fig. 6B
corresponding to panel B) and Erbicin (20 pg/ml, Fig. 6D corresponding to panel D) on
SKBR3 cells are expressed as the percentage of DNA synthesis in treated versus control
cells. In control cells about 1.2 x 10 cpm of [*Hlthymidine were incorporated. Unrelated
scFv (anti-NIP, anti-gp200-MR6), in their phage (Ph-) or soluble format, and phage
lacking the scFv moiety (wt-phage) were tested as controls.
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Fig. 7A and 7B. The effects of Ph-Erbicin on SKBR3 cell morphology. Fig. 7A
(corresponding to Panel A), control cells; Fig. 7B (corresponding to panel B), cells treated
for 72 h with Ph-Erbicin (6 x 10" c¢fu/ml).

Fig. 8A and 8B. Binding of hERB-RNase to ErbB2-positive and —negative cells and its
effects on cell survival. Fig. 8A, Elisa assays of hERB-RNase on SKBR3 cells (closed
symbols), expressing high levels of the receptor, and on A431 cells (empty symbols),
expressing very low levels; Fig. 8B, effects of ERB-RNase on the proliferation of SKBR3
(closed symbols) and A431 (empty symbols) cells. The dose-response curves refer to the
percentage of alive cells treated for 72 h with the immunoagent versus non treated cells
(about 3x10%).

Detailed description of the invention

The present invention refers to a fully human single chain miniantibody (scFv), which
specifically binds to ErbB2, hence called anti-ErbB2 scFv, according to the nomenclature
used for antibodies, well known to the expert in the field. This miniantibody has the
property to bind to the ErbB2 receptor and engender the inhibition of its phosphorylation.
This inhibition is of the order of 65% at least, when measured in SKBR3 cells by assays
with anti-phosphotyrosine antibodies carried out on cell extracts pretreated at increasing
time intervals (from 1 to 7 hours) with Erbicin, to detect the decrease of the
phosphorylation level of the receptor. This is described in detail in the Examples in the
present description. Said miniantibody has both cytostatic and cytotoxic effects on cells
that express the ErbB2 receptor.

It is to be noted that in the herein below listed sequences, bold underlined sequences are
relevant for the present invention. They correspond to CDRs, Complementary Determining
Regions.

The miniantibody scFv described in the present invention has the following amino acid

sequence, defined as SEQ ID. N. 20 —Amino acid sequence of the miniantibody (ScFv):

QVQLLQSAAEVKKPGESLKISCKGSGYSFTSYWIGWVRQMPGKGLEWMGILYPG
DSDTRYSPSFQGQVTISADKSISTAYLQWSSLKASDTAVYYCARWRDSPLWGQG
TLVTV-SSGGGGSGGGGSGGSAL-
QAVVTQEPSFSVSPGGTVTLTCGLSSGSVSTSYYPSWYQQTPGQAPRTLIYSTNTR
SSGVPDRESGSILGNKAALTITGAQADDESDYYCVLYMGSGQYVFGGGTKLTVL
G
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encoded by the DNA SEQ ID. N. 19 -DNA sequence of the miniantibody (ScFv):
5’-CAGGTGCAGCTGTTGCAGTCTGCAGCAGAGGTGAAAAAGCCCGGGGAGTCT
CTGAAGATCTCCTGTAAGGGTTCTGGATACAGCTTTACCAGCTACTGGATCGG
CTGGGTGCGCCAGATGCCCGGGAAAGGCCTGGAGTGGATGGGGATCATCTAT
CCTGGTGACTCTGATACCAGATACAGCCCGTCCTTCCAAGGCCAGGTCACC
ATCTCAGCCGACAAGTCCATCAGCACCGCCTACCTGCAGTGGAGCAGCCTGAA
GGCCTCGGACACGGCCGTGTATTACTGTGCAAGATGGCGTGATTCGCCTTTG
TGGGGCCAAGGTACCCTGGTCACCGTC-TCGAGTGGTGGAGGCGGTTCAGGCG
GAGGTGGCTCTGGCGGTAGTGCACTT-CAGGCTGTGGTGACTCAGGAGCCATC
GTTCTCAGTGTCCCCTGGAGGGACAGTCACACTCACTTGTGGCTTGAGCTCTG
GCTCAGTCTCTACTAGTTACTACCCCAGCTGGTACCAGCAGACCCCAGGCCA
GGCTCCACGCACGCTCATCTACAGCACAAACACTCGCTCTTICTGGGGTCCCT
GATCGCTTCTCTGGCTCCATCCTTGGGAACAAAGCTGCCCTCACCATCACGGGG
GCCCAGGCAGATGATGAATCTGATTATTACTGTGTIGCTGTATATGGGTAGTG
GCCAGTATGTATTCGGCGGAGGGACCAAGCTGACCGTCCTAGGT-3’

The present invention comprises all the nucleotide sequences that, for the degeneracy of
the genetic code, can encode the present amino acid sequence, or the amino acid sequences
containing conservative substitutions, i.e. determining amino acid substitutions with the
same characteristics of polarity or steric hindrance of the corresponding in sequence ID N.
20, and the nucleotide sequences encoding said amino acid sequences containing
conservative substitutions.

The following additional sequences are within the invention:

SEQ ID. N. 1 — DNA sequence of VH region (variable region of the heavy chain):
5’~-CAGGTGCAGCTGTTGCAGTCTGCAGCAGAGGTGAAAAAGCCCGGGGAGTCT
CTGAAGATCTCCTGTAAGGGTTCTGGATACAGCTTTACCAGCTACTGGATCGG
CTGGGTGCGCCAGATGCCCGGGAAAGGCCTGGAGTGGATGGGGATCATCTAT
CCTGGTGACTCTGATACCAGATACAGCCCGTCCTTCCAAGGCCAGGTCACC
ATCTCAGCCGACAAGTCCATCAGCACCGCCTACCTGCAGTGGAGCAGCCTGAA
GGCCTCGGACACGGCCGTGTATTACTGTGCAAGATGGCGTGATTCGCCTTTG

TGGGGCCAAGGTACCCTGGTCACCGTC-3’
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SEQ ID. N. 11 DNA sequence of region VL (variable region of the light

chain):
5'_CAGGCTGTGGTGACTCAGGAGCCATCGTTCTCAGTGTCCCCTGGAGGGAC
AGTCACACTCACTTGTGGCTTGAGCTCTGGCTCAGTCTCTACTAGTTACTA
CCCCAGCTGGTACCAGCAGACCCCAGGCCAGGCTCCACGCACGCTCATCTAC
AGCACAAACACTCGCTCTTCTGGGGTCCCTGATCGCTTCTCTGGCTCCATCC
TTGGGAACAAAGCTGCCCTCACCATCACGGGGGCCCAGGCAGATGATGAATC
TGATTATTACTGTGTGCTGTATATGGGTAGTGGCCAGTATGTATTCGGCGG
AGGGACCAAGCTGACCGTCCTAGGT-3’

SEQ ID. N. 9 DNA sequence of the “LINKER” (region connecting VH
and VL):
5’ TCGAGTGGTGGAGGCGGTTCAGGCGGAGGTGGCTCTGGCGGTAGTGCACTT

a b}

-2

and the corresponding amino acid sequences are respectively the following:

SEQ ID. N. 2 : Amino acid sequence of VH region (variable region of the heavy chain):
QVQLLQSAAEVKKPGESLKISCKG SGYSFTSYWIGWVRQMPGKGLEWMGILYPG
DSDTRYSPSFQGQVTISADKSISTAYLQWS SLKASDTAVYYCARWRDSPLWGQG
TLVTV

SEQ ID. N. 12 — Amino acid sequence of region VL (variable region of the light chain):
QAVVTQEPSFSVSPGGTVTLTCGLSSGSV STSYYPSWYQQTPGQAPRTLIYSTNTR
SSGVPDRFSGSILGNKAALTITGAQADDESDYYCYLYMGSGOYVF GGGTKLTVL

G

and SEQ ID. N. 10 — Amino acid sequence of the “LINKER” (peptide connecting VH and
VL):
SSGGGGSGGGGSGGSAL

The regions in bold type within sequences SEQ ID N. 1 and SEQ ID N. 11 correspond to
sequences coding for CDR-1, CDR-2 and CDR-3 of VH and VL chains, and are indicated

respectively, as:
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SEQ ID. N. 3 — DNA sequence of CDR-1 region of VH chain:
5’-AGCTACTGGATCGGC-3’

SEQ ID. N. 5 - DNA sequence of CDR-2 region of the VH chain:
5-ATCATCTATCCTGGTGACTCTGATACCAGATACAGCCCGTCCTTCCAAGGC-

3’

SEQ ID. N. 7 - DNA sequence of CDR-3 region of VH chain:
5’-TGGCGTGATTCGCCTTTG-3’

SEQ ID. N. 13 - DNA sequence of CDR-1 region of VL chain:
5’-GGCTTGAGCTCTGGCTCAGTCTCTACTAGTTACTACCCCAG-

3’

SEQ ID. N. 15 - DNA sequence of CDR-2 region of VL chain:
5’-AGCACAAACACTCGCTCTTCT-3’

and SEQ ID. N. 17 - DNA sequence of CDR-3 region of VL chain:
5’-GTGCTGTATATGGGTAGTGGCCAGTATGTA-3’

As previously published (49), CDR regions (Complementarity Determining Regions)
correspond to the regions that concur to define the contact site between antigen and
antibody. Thus, they are specifically involved in binding specificity. The corresponding
amino acid sequences are indicated as:

SEQ ID. N. 4 — Amino acid sequence of CDR-1 region of VH chain:
SYWIG

SEQ ID. N. 6 — Amino acid sequence of CDR-2 region of VH chain:
ITYPGDSDTRYSPSFQG

SEQ ID. N. 8 — Amino acid sequence of CDR-3 region of VH chain:

WRDSPL
SEQ ID. N. 14 — Amino acid sequence of CDR-1 region of VL chain:

GLSSGSVSTSYYPS

SEQ ID. N. 16 - Amino acid sequence of CDR-2 region of VL chain:
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STNTRSS
SEQ ID. N. 18 - Amino acid sequence of CDR-3 region of VL chain:
VLYMGSGQYV

In particular, the linker is a peptide fragment or peptide, for example long about 15 amino
acid residues, in preference comprising glycine residues.

Homologous DNA sequences with at least 60 % identity, preferably 80%, even more
preferably 90% with each of the following sequences: (SEQ ID.N. 1,3,5,7,9, 11,13, 15,
17, 19) or the homologous amino acid sequences identical by at least 40%, preferably 60%,
or even more preferably 80-90% with respect to the amino acid sequences (SEQ ID. N.2,
4,6,8,10,12, 14, 16, 18, 20) indicated for the present invention.

In particular, there are to be considered within the scope of the present invention all the
mutations in the DNA sequences (SEQ ID. N. 1,3, 5,7, 9, 11, 13, 15, 17, 19) capable of
determining conservative substitutions in the proteins with sequences (SEQ ID. N.2, 4, 6,
8,10, 12, 14, 16, 18, 20).

An additional aspect of the invention is the use of such DNA sequences, in particular of
those encoding VH; VL and CDR-1 -2 and -3 VH and CDR-1, -2 and -3 VL for the
construction of chimeric proteins and fusion proteins, of which the above amino acid
sequences represent the portion endowed with binding specificity, or capable of confer
such specificity.

Within the scope of the present invention there are the fusion proteins comprising at least
two distinct functional regions, one of which made up of the VH, or the VL region, or of
both VH and VL, or SEQ ID N. 20.

It is part of the invention the procedure for the isolation of the human anti-ErbB2 scFv
from a phage library of antibody fragments of human origin (Griffin 1.). The identified
miniantibody shows an intrinsic, strong and selective anti-proliferative activity on cells that
overexpress ErbB2. It has been isolated through a selection performed on a phage library
panning with the antigen expressed in vivo live cells overexpressing the ErbB2 antigen.
The selection strategy was based on the use of two combinations of cell lines, each
comprising an ErbB2-positive and an ErbB2-negative cell line. By this approach, it has
been found that the scFv expressed on phage (called Ph-Erbicin) recognized specifically
the ErbB2 receptor with no crossed reactivity with the structurally related EGFR (ErbB1),
expressed at high levels on A431 cells (Table I). It is to be underlined that the isolated scFv
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could discriminate ErbB2 from all other members of the ErbB family, such as ErbB3 and
ErbB4, expressed at very low levels on cell lines SK-OV-3 and SKBR3, respectively.

The anti-ErbB2 scFv (miniantibody) has been obtained also in soluble form as a pure
protein from the periplasmic extract of bacterial cells infected with the positive phage
clone. It has been found that the anti-ErbB2 scFv in its soluble form, called Erbicin,
maintains its binding specificity to the receptor.

It has been found that Ph-Erbicin and Erbicin are rapidly internalized by endocytosis in
cells that overexpress ErbB2. Furthermore, both the immunoreagents show a strong anti-
proliferative effect on ErbB2-positive cell lines, and the corresponding degree of their
antitumor activity is correlated to ErbB2 expression level on cell surfaces (Table I). No
effects have been detected on ErbB2-negative cell lines.

It has been found that Ph-Erbicin has an anti-proliferative effect (cytostatic) on all ErbB2-
positive tumor cells, whereas its effect on SKBR3 is cytotoxic, with the induction of
apoptosis. The mechanism which is the basis of this high sensitivity of SKBR3 cells to
anti-ErbB2 immunoreagents appears to depend on an autocrine activation loop, in turn
dependent on the overexpression not only of the ErbB2 receptor, but also of its ligand. This
loop would be interrupted by the anti-ErbB2 scFv.

Ph-Erbicin is the first example of human scFv expressed on phage, with a dose-dependent
cytostatic/cytotoxic action. In fact, the anti-ErbB2 scFv here reported has been found to be
more active as an antitumor agent when it is expressed on phage, than in its soluble format.
Likely, the scFv expressed on phage is more stable, and/or it acquires a different
conformation that increases its biological effects. Alternatively, although most phage
express a single scFv, we cannot exclude the possibility that some phage express more
copies of the scFv fragments. This increase in antibody valence may explain the higher
efficacy of the scFv in phage format.

In any case the human anti-ErbB2 scFv, according to the invention, is capable, both in its
soluble and phage formats, to be effectively internalized by target cells overexpressing
ErbB2, and to specifically inhibit their growth, or to generate a cytotoxic effect. Given its
fully human origin, soluble Erbicin would not be immunogenic in human patients; hence it
represents an ideal active principle for anti-neoplastic therapy in which tumor cells express

the ErbB2 receptor, such as cells from mammary, ovary, and lung carcinomas.
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Furthermore, both Ph-Erbicin and Erbicin, for their effective internalization by target cells,
can be used as vehicles to direct drugs or toxins (known to the expert) to the cytosol of
tumor target cells. This should increase the antitumor potential of the transported
molecules, fused in chimeras with the scFv, and should decrease their possible systemic
toxicity.

The pharmaceutical compositions according to the invention comprise as active principle
an cffective amounts of Erbicin, soluble or in phage format; Erbicin as a protein fused to
constant regions from human antibodies, or to toxins or molecules with cytotoxic potential,
such as enzymes with ribonuclease or protcase activity.

In this respect we have already prepared: 1. a fully human fusion protein, called ERB-AD,
made up of Erbicin fused to the constant regions from human immunoglobulins G1; 2. an
ImmunoRNase, i.c. a fully human fusion protein, called hERB-RNase, made up of Erbicin
fused to a human enzyme with ribonuclease activity (human pancreatic ribonuclease).
Erb-Ab is virtually a fully human antibody, capable to recognize specifically ErbB2-
positive tumor cells and selectively kill them. It represents a potentially more effective
anti-cancer drug than the corresponding single chain antibody fragment (Erbicin). Due to
its larger size and the presence of an Fc portion, Erb-Ab 1s expected to have a longer half-
life in human body fluids, and a stronger cytotoxic effect on target cells, attained by the
activation of ADCC (antibody-dependent cellular cytotoxicity) and CDCC (complement-
dependent cellular cytotoxicity) reactions. The ERB-Ab preparation was obtained through
the following basic steps: (i) isolation of Erbicin encoding cDNA; (ii) fusion of said cDNA
to a cDNA encoding the constant regions (CH2 and CH3) and the hinge peptide from
human heavy chains of immunoglobulin G1, cloned in the expression vector plgplus
(Novagen). The standard methodology (50) described for similar fusion reactions of scFv
molecules to constant antibody regions was followed; (iii) expression of the resulting
fusion cDNA in eucaryotic cells (P3X from a murine myeloma).

The ImmunoRNase hERB-RNase was obtained through the following basic steps: (1)
fusion of the cDNA encoding Erbicin to the cDNA encoding human pancreas RNase. A
DNA fragment encoding a spacer peptide of 11 amino acid residues (AAASGGPEGGS
SEQ ID N. 24) was interposed between the two coding regions; (i) expression of the
resulting fusion ¢cDNA in Escherichia coli; (iii) isolation and characterization of the

recombinant protein. Its structural and functional characterization indicated that: (1) it
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specifically recognizes receptor-positive cells; (ii) it is endowed with enzymatic
(ribonucleolytic) activity; (iii) tested on receptor-positive and —negative cell lines it
specifically kills receptor-positive cells, hence it is capable of discriminating between
target and non-target cells. hERB-RNase is the first fully human Immuno-RNase, i.e. a
chimeric protein made up of a human antibody moiety fused to a human ribonucleolytic
enzyme.

For its human nature, hERB-RNase is expected to be well tolerated in humans, because it
is not immunogenic and not toxic, as the ribonuclease becomes toxic only when
vehiculated into a target cell. Since it contains an antibody moiety highly specific for
tumor cells that express the ErbB2 receptor, hERB-RNase represents a promising new
anticancer drug for mammary, colon, ovarian and other carcinomas. To date, a single
antibody-based anti-cancer drug is used in therapy, by the commercial name of Herceptin.
This however, is a “humanized” murine molecule. The Erbicin-based immunoRNase is
instead fully human, and in fact the first fully human antibody-based anticancer agent.

The pharmaceutical compositions according to the invention further comprise additives,
diluents, adjuvants and eccipients known to the expert in the field. Also dosages and the
administration protocols are functional to the subject and type of disease to be treated.
There are to be considered within the scope of the present inventions the expression and
cloning vectors comprising the DNA sequences corresponding to SEQ ID. N. 1, 3,5, 7, 9,
11, 13, 15, 17, 19, and their equivalent or homologous sequences useful for transfecting
procaryotic or eucaryotic cells with the purpose of obtaining the expression of DNA or
amino acid sequences indicated as SEQ ID. N.2, 4, 6, 8, 10, 12, 14, 16, 18, 20, or their
equivalent or homologous sequences, and those comprising conservative substitutions. To
optimize or facilitate the purification of the recombinant miniantibodies or of the protein
sequences described in the present invention, these may contain “tag” regions, e.g.
obtained by expression of the corresponding DNA sequences fused in frame with the
described proteins. An example of “tag” sequence is the polyhistidine sequence
(HHHHHH SEQ ID N. 21), which allows for the purification of recombinant translates on
affinity columns for heavy metals.

There are is also to be considered within the scope of the invention kits containing means
for the preparation of Erbicin, soluble or in phage format or fused as mentioned in the

above. This kits comprise means for preparing Erbicin and its derivatives or fusion forms
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according to the present application. Those means may include: possible means for the
recovery of Erbicin and/or corresponding derivatives from periplasmic extracts;
appropriate buffer, wash and conservation solutions; means for preparing a culture medium
for the Erbicin, and complements for the culture medium such as glucose and IPTG as
inducer.

A skilled person can easily identify the additives suitable in the kits reported above,
among those chemically compatible additives known 1n the art.
Within the invention are also transgenic animals containing genetically modified sequences
with least one of the DNA sequences identified with SEQ ID. N. 1, 3,5, 7,9, 11, 13, 15,
17, 19, or equivalent or homologous sequences.
The antibodies and the proteins, as well as the vectors according the present invention, may
be prepared conveniently as kits and used for diagnosis or therapy.
The present invention will be herein illustrated by descriptive, not limiting, examples with
reference to the attached Figures.
Example 1
Parallel Selection on Different Cell Lines to Isolate a Human, ErbB2 Specific scFv.
The strategy devised for the isolation of an anti-ErbB2 scFv from the Griffin.1 library (19)
consisted in a double selection, with the use of two different combinations of “positive”,
i.e. antigen-bearing, and “negative” cell lines. In the first combination, NIH 3T3 cells
transfected with DNA encoding human ErbB2 (23) were used as antigen-positive cells, and
untransfected NIH 3T3 as antigen-negative cells. In the second combination, a human
breast cancer cell line, naturally expressing high levels of ErbB2 receptor (SKBR3 cells),
and a human epidermoid carcinoma cell line (A431 cells), expressing the receptor at very
low levels, were used as antigen-positive and antigen-negative cells, respectively. The
strategy of using two combinations of positive and negative cell lines was devised to
guarantee an effective selection of the anti-ErbB2 clones.

In each selection round, a mixture of “positive” cells (about 10%), previously labeled
with a fluorochrome, and unlabeled “negative” cells (90%) were incubated with the
antibody phage display library (10" cfu per selection). The negative cells were used to
deplete the library of phage antibodies that bound to common antigens. After 16 h of
incubation at 4°C, cells were washed, and the labeled ones (about 1 x 10° cells) were

isolated by fluorescence activated cell sorting (FACS). Phages bound to the cell surface
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were displaced (1 x 107 cfu) and used to infect the E. coli TG1 bacterial strain. Initially,
two rounds of selection were performed with SKBR3 and A431 cell lines. Positive phages,
which selectively bound to the ErbB2 positive cell line, were submitted to two further
rounds of selection, using either the same cell combination (strategy 1), or the NIH 3T3
transfected and untransfected cell lines (strategy 2). Strategy 2 was implemented to verify
the possibility of recruiting phages with higher binding affinity by using cells that express
lower levels of ErbB2.

From the last selection round of strategies 1 and 2, a total of forty clones were isolated, and
identified as ErbB2-positive clones by ELISA screening, performed on both cell
combinations.

The DNA encoding the variable regions of these positive clones was amplified by PCR,
and then analyzed by digestion with BstNI and BsalJl restriction enzymes. Two different
digestion patterns were obtained (named type A and B); these were seen in clones isolated
by either strategy 1 or strategy 2. The sequence analysis of DNA encoding the variable
regions of multiple selected clones, representative of each restriction pattern, identified two
different cDNA sequences, coding for two novel human scFv. The finding that these scFv
were selected independently by the use of two different combinations of antigen-positive
and -negative cell lines led us to consider them as possible candidates of scFv specific for
ErbB2.

Sequence analyses of multiple A- and B-type positive clones indicated that the heavy chain
variable region (VH) of type A scFv belonged to the VHS family (derived from the VH
germline gene DP-73), whereas the VH region of type B scFv belonged to the VH3 family
(derived from the DP-38 gene). The light chain variable region (VL) of type A and B scFv
was found to belong to families VL8 (derived from the VL germline gene DPL-21) and
VL1 (gene DPL-3), respectively.

Representative clones of type A and B were used for further analyses.

Example 2

Characterization of Phage Antibodies Specificity.

To verify whether these clones were indeed specific for ErtbB2, they were analyzed in their
phage format by Western blotting performed on antigen-rich cell exiracts prepared from
the SKBR3 cell line. As shown in Fig. 1, positive scFv-displaying phages (N.B. eliminare:
from clone AE) recognized a protein of approximately 185 kDa, the molecular weight
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expected for the ErbB2 antigen. In the same experiment, a protein corresponding to the
same molecular size was recognized by the murine MgR6 mAb (24) known to be directed
against ErbB2 (25, 26). No positive bands were detected when an anti-thyroglobulin sckv
phage preparation was used as a negative control (see Fig. 1). Notably, a positive band of
the expected molecular weight was also obtained (see Fig. 1) when the Western blotting
was performed with the A type phage clone on ErbB2 previously isolated from SKBR3
cell extracts by immunoprecipitation with the anti-ErbB2 MgR6 mAb.

These results confirm unequivocally that the scFv from the type A clone bound specifically
to ErbB2. As the type B clone recognized ErbB2 protein band, but also additional proteins
in the cell lysate (data not shown), further analyses were performed on clone A, designated
as Ph-Erbicin (scFv in its Phage format).

Ph-Erbicin was tested by flow cytometry for its ability to bind to a panel of human tumor
cell lines expressing high levels of ErbB2. Cell lines that had not been previously used in
the phage isolation procedure were chosen. Cells were incubated with Ph-Erbicin, washed
twice with PBS, and treated with a murine mAb directed against the M13 phage. For
detection, a rabbit anti-mouse fluoresceinated IgG was used.

As shown in Fig. 2 (panels A, C and E) and in Table I, Ph-Erbicin gave strong labeling of
MDA-MB453 and BT-474 cells from breast carcinoma, and of SK-OV-3 cells from
ovarian adenocarcinoma. On the contrary, no fluorescence was detected when the same
cells were incubated with an irrelevant anti-NIP scFv-phage (27). The labeling intensity
produced by Ph-Erbicin was comparable to that obtained with the anti-ErbB2 murine
MgR6 mADb (Fig. 2, panels B, D and F).

Positive results were also obtained with SKBR3 and ErbB2-transfected NIH 3T3 cells
probed with Ph-Erbicin, whereas no binding was detected either to ErbB2-untransfected
NIH 3T3 cells, or to the A431 cell line (see Table I) that express ErbB2 at low levels (28,
29). It should be noted that the A431 cells express the homologous EGF receptor at high
levels (2 x 10° receptors per cell) (30, 31).

These results demonstrate that Ph-Erbicin: (i) can discriminate between ErbB2-expressing
and non-expressing cell lines; (ii) specifically recognizes the ErbB2 extracellular domain;
and (iii) discriminates between ErbB2 and EGFR receptors in spite of their extensive

sequence identity.
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Moreover, the data suggest a positive correlation between the extent of binding of Ph-
Erbicin to ErbB2-positive cells and the levels of ErbB2 expression in these cell lines. This
was determined by the results obtained with the anti-ErbB2 MgR6 mAb (see Table I). As
MgR6 effectively titrates ErbB2 on the cell surface, the fluorescence data obtained with
this mAb represent a measure of the expression levels of the receptor on the cell lines
tested.

Example 3

Expression and Characterization of Soluble Erbicin.

To prepare human anti-ErbB2 scFv from type A clone as a soluble molecule, the pHEN2
phagemid vector (a derivative of the pHEN1 vector (27)) containing the DNA encoding
Erbicin, was used to transform the bacterial strain SF110 (32). After induction with IPTG,
a periplasmic extract was prepared as previously described (33).

To verify whether the soluble anti-ErbB2 scFv retained the binding properties of the scFv
displayed on phages, the periplasmic extract was analyzed by ELISA, as well as by flow
cytometry using the cell lines tested with Ph-Erbicin. The results from both analyses
showed that the anti-ErbB2 soluble scFv selectively binds to the antigen-bearing cells (data
not shown). In its soluble format the scFv immunoreagent was named Erbicin.

Since the scFv encoding cDNA is cloned into the pHEN2 vector fused to a C-terminal
hexahistidine sequence (SEQ ID N. 21), the recombinant Erbicin was purified by
immobilized-metal affinity chromatography (IMAC) by using Ni-NTA agarose, and then
analyzed by SDS-PAGE electrophoresis. A single band of the expected molecular size
(about 27 kDa) was obtained by Blue Coomassie staining (Fig. 3). The purified Erbicin
was also analyzed by Western blotting either with an anti-His tag mAb, or with the 9E10
anti-myc mAb (directed against a 11-residue peptide from the myc protein fused to the C-
terminal end of the scFv). By both analyses a band of the expected size, approximately 27
kDa, was visualized (Fig. 3).

Example 4

Internalization of Ph-Erbicin and Erbicin by SKBR3 Cells.

The new human anti-ErbB2 scFv was then tested, both in the phage and in the soluble
format, for its ability to undergo receptor-mediated endocytosis in SKBR3 cells. To test the
immunoreagent in the phage format, cells grown on coverslips were incubated with Ph-
Erbicin (10" cfu/ml) for 16 hours at 37°C. Cells were then extensively washed with PBS to
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remove non-specific binding, followed by four washes with a high salt and low pH
stripping glycine buffer to remove phages specifically bound to the cell surface (34). Cells
were then fixed and permeabilized, and internalized phages were visualized with an anti-
M13 mAb, followed by a rabbit anti-IgG from mouse FITC-conjugated. As a control, an
anti-NIP scFv-phage preparation (10"? cfu/ml) was used.

By confocal microscopy a strong intracellular staining was observed for Ph-Erbicin,
whereas no staining was detected with the anti-NIP scFv-phage (see Fig. 4, panels A and
D). To determine whether infectious antibody-equipped phage particles could be recovered
from within the cells, the experiment was repeated on cells grown in 6-well plates, then
incubated with the antibody carrying phages for 2 hours at 37°C. After the last stripping
wash, cells were dissociated from the culture plates by trypsinization, washed three times
with PBS and then lysed with 100 mM triethylamine (TEA). Phage particles, recovered in
the cell lysates, were titrated by infection of E.coli TG1 strain, as previously described
(34). The titer of Ph-Erbicin in the TEA fraction was much higher (at least one order of
magnitude) than that obtained using an anti-thyroglobulin scFv-phage as a control (data not
shown).

These results indicate that there is a strict correlation between endocytosis of phage
particles and high antigen specificity of the scFv displayed on phages.

To determine whether soluble Erbicin-A7 was also effectively internalized, the scFv was
incubated with SKBR3 cells grown on coverslips for 2 or 16 hours at 37°C. The
intracellular scFv was identified by confocal microscopy using anti-myc 9E10 mAb,
followed by rabbit anti-mouse FITC-conjugated antibody. When incubated with Erbicin, a
strong intracellular fluorescence was visualized (Fig. 4, panels B and C), whereas no
staining was detected upon incubation for the same time periods with an irrelevant anti-
NIP soluble scFv (Fig 4, panels E and F), expressed and purified as described for Erbicin.
Example 5

Effects on Tyrosine Phosphorylation of ErbB2.

Since tyrosine kinase receptors are activated by ligand binding with an increase in
phosphorylation of tyrosine in the C-terminal domain, we tested the effects of Erbicin on
ErbB2 phosphorylation. SKBR3 cells starved for 16 h were treated for increasing time
periods at 37°C with Erbicin (12 wg/ml). Cell were lysed and equivalent aliquots from the
extracts were analyzed by parallel Western blottings, using either a mAb specific for
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phosphotyrosine (P-Tyr mAb), or anti-ErbB2 MgR6 mAb. Both analyses were performed
in the presence of an anti-actin mAb to directly compare the levels of ErbB2 receptor with
those of tyrosine phosphorylation. The signal intensity of positive bands was estimated by
phosphorimaging. In Fig. 5, the effects of Erbicin on ErbB2 phosphorylation are shown. A
strong inhibitory effect on phosphorylation was already detectable after a 1 h treatment,
and after 7 h the inhibition reached 74% in comparison to the untreated cells. In the same
experiment EGF, used as a positive control, effectively stimulated the phosphorylation of
E1bB2, (see inset of Fig. 5). This stimulatory effect of EFG was significantly reduced
when cells were previously incubated with Erbicin (see inset of Fig. 5).

Example 6

Effects on Tumor Cell Proliferation.

It has been shown that some anti-ErbB2 mAbs are internalized and down-regulate ErbB2
expression, which could result in cell growth inhibition (4, 35). Since both Ph-Erbicin and
Erbicin-A7 are internalized, their effects on target cell proliferation were tested.

Cells were plated in the presence or in the absence of increasing concentrations of Ph-
Erbicin. After suitable time intervals the extent of cellular proliferation was measured by
cell counts (Fig. 6A) or DNA synthesis (Fig. 6B). As a control, the experiment was
repeated with phage preparations either lacking the Erbicin moiety, or displaying irrelevant
scFv, such as anti-NIP or anti-gp200-MR6 (36). When tested on SKBR3 cells for 72 hours,
Ph-Erbicin was found to severely inhibit their proliferation, with a dose-dependent
cytotoxic effect (Fig 6A). An ICsp value, i.e. the concentration capable of inhibiting
cellular proliferation by 50%, of 2.8 x 10'° cfu/ml was calculated. No effects on cell
proliferation were detected with control phages (Fig 6B). Moreover, Ph-Erbicin had no
effect on the proliferation of A431 cells (see Fig. 6A), which indicates the selective nature
of the activity of this reagent.

When the anti-ErbB2 scFv was fested on SKBR3 cells in its soluble format, i.e. as Erbicin
(see Fig. 6C and D), it was found to retain its ability to severely inhibit cell proliferation,
and to reduce viable cell numbers in a dose-dependent manner with an ICsp value of 6.4
ug/ml (Fig.6C). No effects were detected with the control anti-NIP scFv; likewise, Erbicin
was found to be ineffective on A431 cells. In addition, the effect of Erbicin was also tested
on the NIH 3T3 fibroblasts transfected with ErbB2. In this case, given the lower level of
ErbB2 on the transfected cells compared to SKBR3 cells (see Table I), cells were starved
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prior to treatment, to enhance the immunoreagent (15 pg/ml) effect. Under these
conditions, less than 50% of cells survived, whereas the untransfected cells, tested in
parallel, were unaffected by Erbicin (data not shown).

These results indicate that the novel human anti-ErbB2 scFv displays its ability to inhibit
target cell proliferation in its soluble (Erbicin) as well as in its phage (Ph-Erbicin) format.
To directly compare the potency of the cytotoxic activities of Erbicin and Ph-Erbicin on
SKBR3 cells, the ICsq value of 2.8 x 10'° cfu/ml calculated for Ph-Erbicin (see above) was
expressed also in terms of scFv concentration (1.3 ng/ml) in the phage preparation,
assuming that one molecule of scFv is present per phage particle. By comparing this value
to that obtained with Erbicin (6.4 pg/ml, see Fig. 6C), the scFv in the phage format
appeared to be about 5000-fold more active as an antitumor agent than the soluble scFv.
The ability of Ph-Erbicin to inhibit cell proliferation was also tested on other human tumor
cells expressing high levels of ErbB2, such as MDA-MB453, BT-474, and SK-OV-3 cells,
and on murine NIH 3T3 fibroblasts transfected with human ErbB2. All these ErbB2-
positive cell lines were severely inhibited in their proliferation by Ph-Erbicin, whereas no
anti-proliferative effect was detected on ErbB2-negative A431 cells and untransfected NIH
3T3 fibroblasts (see Table I). The ICsy values obtained with these ErbB2-positive cells are
in the range of 10" cf/ml, i.e. one order of magnitude higher than the value determined
for SKBR3 cells. It should also be noted that the effect of Ph-Erbicin on these four cell
lines appeared to be cytostatic, rather than cytotoxic, as the number of surviving cells was
never found to be lower than the number of plated cells. The higher sensitivity of SKBR3
cells to Ph-Erbicin is further supported by our observation that incubation of SKBR3 cells
with Ph-Erbicin leads to a dramatic change in cell morphology and the appearance of cell
debris; no such changes were seen with the other ErbB2-positive cell lines tested in this
study (Fig. 7). These data suggest that the severe reduction of viable cells observed for
SKBR3 treated with the Erbicin reagents is due to the induction of cell death.

To determine whether the mechanism of cell death occurs through induction of apoptosis,
we used annexin V to measure the appearance of phosphatidylserine, a marker of
apoptosis, on the outer leaflet of the plasma membrane of SKBR3 cells. Cells treated with
either Ph-Erbicin or Erbicin were found to bind two-fold more FITC-conjugated annexin V

than untreated cells or cells treated with a control anti-NIP scFv, either in its phage or its
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soluble format (Table II). This indicates that the cell death induced by Erbicin is that of
apoptosis.
Table I

FACS analyses of Ph-Erbicin binding to a series of cell lines expressing different levels of
ErbB2.

Binding was measured from the average fluorescence intensity (MFI). The receptor
expression

levels were measured with the murine mAb MgR6 as specific anti-ErbB2 antibody. The
effects of Ph-Erbicin on cell proliferation after 96 h of treatment, expressed as ICsg values,

are also tabulated.

Cell line Growth Inhibition ErbB2 Binding

(ICso, cfu/ml) (MFI)*

Ph-Erbicin Ph-Erbicin MgR6 mAb
SKBR3 1,2x 10" : 423 260
MDA-MB453 1,4x 10" 260 160
BT-474 2,5 x10" 100 145
NIH 3T3 3,5x 10" 161 120
(ErbB2-trasf.)
SK-0OV-3 4,0 x 10" 90 92
NIH 3T3 =P 30 10
A431 P 0 0

? The tabulated values were obtained by subtracting from the MFI values the basal
fluorescence level determined with suitable control immunoreagents of the same isotype;
these were the OKT3 mAb and the anti-NIP scFv, for data obtained with mAb MgR6 and
Ph-Erbicin, respectively.

® No effects on cell proliferation were observed up to 4.0 x 10" cfu/ml of Ph-Erbicin.



w

10

15

WO 13/006309 PCT/EP02/07671

21

Table 11
Apoptosis of SKBR3 cells treated for 24 h with Ph-Erbicin, Erbicin or

irrelevant immunoreagents

% apoptotic cells MFI ratio®

(treated cells/

reference cells)

reference cells 16 1
Ph-anti-NIP . 16 1
Ph-Erbicin 30 2
anti-NIP scFv 19 1
Erbicin 34 2
puromycinb 35,6 1,7

¥ MFI is the intensity of average fluorescence measured by FACS after treatment of
SKBR3 cells with Annexin V conjugated to FITC.

® The effect of puromycin on SKBR3 cells was evaluated after a 4 h incubation.
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Example 7

Cell cultures.

The SKBR3 human breast tumor cell line and the A431 human epidermoid carcinoma cell
line (kindly provided by Menarini Research, Pomezia, Italy) were cultured in RPMI 1640
(Gibco BRL, Life Technologies, Paisley, UK). The BT-474 and MDA-MB453 human
breast tumor cell lines (a kind gift of H. C. Hurst, ICRF, London), the SK-OV-3 human
ovarian cell line (a kind gift of I. McNeish, ICRF, London), and the NIH-3T3 murine
fibroblasts (American Type Culture Collection, Rockville, MD, USA, code N. CRL-1658)
were grown in DMEM (Gibco BRL). The NIH-3T3 fibroblast cell line transfected with
human ErbB2, kindly provided by N. E. Hynes (Friederick Miescher Institute,
Switzerland), was cultured in DMEM containing 1 mg/ml G418 (Gibco BRL). Media were
supplemented with 10% fetal calf serum, 50 Units/ml pennicillin, and 500g/ml
streptomycin (all from Gibco BRL).

Example 8

Antibodies.

The following antibodies were used in the current study: murine anti-M13 mAb
(Amersham Pharmacia Biotech, Little Chalfont, UK); murine mAb 9E10 directed against
the myc tag protein (45); murine anti-His tag mAb (Qiagen, West Sussex, UK); murine
anti-ErbB2 MgR6 mAb (gift from Menarini Research, Pomezia, Italy) (24); FITC-
conjugated rabbit anti-mouse. immunoglobulin antibody, and HRP-conjugated rabbit anti-
mouse immunoglobulins (both from Dako, Cambridgeshire, UK); murine anti-
phosphotyrosine mAb P-Tyr (PY99) (Santa Cruz Biotechnology Inc., Santa Cruz, CA);
anti-gp200-MR6 scFv was isolated as described in (36); murine anti-actin mAb (Sigma, St.
Louis, MO, USA). Anti-NIP (4-hydroxy-3-nitro-5-iodophenylacetyl) (27) and anti-
thyroglobulin scFv were kindly provided by Dr. G. Winter.

Example 9

Selections of scFv-phage on live cells.

ErbB2-positive cells were labeled as follows. The human breast tumor SKBR3 cell line,
naturally expressing high levels of ErbB2, and the NIH-3T3 fibroblasts, transfected with
human ErbB2, grown in 250 ml flasks (Becton Dickinson, Oxford, UK) to 70-80%
confluency, were detached with the cell dissociation solution, purchased from Sigma and

washed twice with PBS. Cells were then resuspended in 1 ml of pre-warmed PBS,
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containing 15 uM 5(6)-CFDA, SE (5-(and-6)-carboxyfluorescein diacetate, succinimidyl
ester mixed isomers) (Molecular Probes, Eugene, OR), and incubated for 30 min at 37°C.
After three washes with cold PBS, cells were resuspended (1 x 10° cells/ml), and the level
of fluorescence analyzed by flow cytometry before each round of phage selection.
Phagemid particles were rescued with M13-K07 from the Griffin library, as previously
described (18). For each round of panning, phages (10" cfu) were blocked with 5% milk
powder (Marvel) in PBS for 15 min. The blocked phages were incubated for 16 hours at
4°C with labeled “positive” cells (1x10° in the presence of unlabeled “negative” cells
(9x106) by gently rotating, in a final volume of 5 ml containing 2% Marvel. Cells were
then pelleted by centrifugation at 600 x g for 5 min at 4°C, and washed twice in 50 ml of
PBS. The “positive” labeled cells were sorted by FACS. To elute phages from “positive”
cells, these were incubated with 0,5 ml PBS containing 50 mM citric acid (pH 2.5) for 5
min, and then neutralized with 0,4 ml of 1 M Tris-HCI pH 7,4. The recovered phages were
amplified by infecting £. coli TG1 cells, to prepare phage for the next round of selection.
Phage screening were carried out by cell ELISA assays as previously described (46).
Example 10

Analysis of clone diversity.

To determine the number of individual selected clones, DNA fingerprinting analysis was
performed with the restriction endonuclease BstNI or BsaJl (New England Biolabs,
Hertfordshire, UK), as described (18). DNA encoding the variable region of positive
clones was amplified by PCR from the pHEN2 plasmid, using as primers 5’-
CAGTCTATGCGGCCCCATTCA-3” SEQ ID N. 22 (complementary to the sequence
located between gene III and the c-myc peptide tag) and

5 ATGAAATACCT ATTGCCTACG-3" SEQ ID N. 23 (pel B leader sequence).
Reactions were performed with Taq DNA Polymerase (Promega, Southampton, UK) in a
volume of 20 i for 30 cycles under the following conditions: 30 seconds denaturing at
94°C, 30 seconds annealing at 55°C, and 1 min extension at 72°C. The amplified products,
analyzed by electrophoresis on 1% agarose gel, were used for DNA fingerprinting and
sequence analyses. The nucleotide sequences encoding scFv were determined using the
ABI automated sequencer (Perkin Elmer, Warrington, UK) and were analyzed with the V-
BASE sequence alignment program [Tomlinson LM., Williams S.C., Corbett S.J., Cox
J.P.L. and Winter G. (1996). The V BASE Directory of Human Variable Gene Sequences.
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MRC Centre for protein Engineering, Hills Road, Cambridge, CB2 2QH, UK
(http://www.mrc-cpe.cam.ac.uk/imt-doc/vbase- home-page.html)].

Example 11

Cellular lysis, immunoprecipitation and analysis by Western blotting.

Cell lysates from SKBR3 were prepared by resuspending in 0.5 mi of lysis buffer (10 mM
Tris-HCl, pH 7.4, 150 mM NaCl, 0.5% Nonidet P-40, containing protease inhibitors
(Complete™ proteases inhibitor, Bochringer Mannheim, Germany) about 7.5x108 cells,
previously detached with the dissociation solution (Sigma), and washed 3 times with PBS.
After 20 min at 0°C, the extracts were clarified by centrifugation at 12,000 rpm for 10 min.
ErbB2 immunoprecipitation was carried out by incubating the anti-ErbB2 MgR6 mAb with
the cell lysates for 3 hours at 4°C. The immune complex was then collected by adsorption
to protein G-Sepharose (Sigma) for 1 hour at 4°C. After four washes the proteins, released
by boiling in loading buffer (47), were fractionated by 7.5% SDS gel-electrophoresis
(SDS-PAGE) and electroblotted onto PVDF membranes (Millipore Corporation, Bedford,
MA, USA). The ErbB2 protein was detected using either anti-ErbB2 mAbs or scFv-phage
preparations, as previously described (36).

Example 12

Preparation of monoclonal phage antibodies for functional assays.

scFv carrying phages were prepared from individual ampicillin-resistant colonies grown in
100 ml of 2xTY medium, purified by polyethylene glycol (PEG) precipitation (48) and
washed with 20 ml of sterile water. After a further PEG precipitation step, phages were
resuspended in PBS, centrifuged at 12,000 rpm for 15 min and stored at 4°C until further
use.

Example 13

Soluble scFv expression and purification.

Cultures of E. coli SF110, previously infected with Ph-Erbicin or with anti-NIP scFv-
phage, were grown at 37°C in 2xTY media containing 100 pg/ml ampicillin and 1%
glucose, until an absorbancy of 1 O.D. at 600 nm was reached. Cells were centrifuged at
6,000 tpm for 15 min and resuspended in glucose-free medium. The expression of soluble
scFv was then induced by the addition of [PTG (Alexis, Nottingham, UK) to a final
concentration of 1 mM in the cell culture, which was then grown at room temperature

overnight. Cells were harvested by centrifugation at 6,000 rpm for 15 min, and a
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periplasmic extract was obtained by resuspending cells in ice-cold 50 mM Tris-HCI, pH
7.4, 1 mM EDTA, 20% sucrose. After an incubation of 1 hour on ice, the periplasmic
extract, obtained by centrifugation at 12,000 rpm for 30 min at 4°C, was dialyzed in PBS.
Alternatively, soluble periplasmic proteins were isolated using the B-PER buffer (Pierce,
Rockford, IL) according to the manufacturer’s recommendations.

Soluble scFv was purified on immobilized-metal affinity chromatography (IMAC), by
incubating the periplasmic extract with Ni-NTA agarose (Qiagen, West Sussex, UK)
overnight at 4°C. After extensive washes with PBS, containing 20 mM imidazole, the
protein was eluted in 50 mM NaH,PO,, pH 8.0, containing 0.3 M NaCl and 250 mM
imidazole. Further purification was achieved by gel-filtration on a Superdex 75 Hi-Load
10/30 column (FPLC) (Pharmacia Biotech, Upsala, Sweden) equilibrated in PBS
containing 0.16 M NaCl, carried out at a flow rate of 0.3 ml/min. The purity of the final
preparation was evaluated by SDS-PAGE. Protein bands were detected by Coomassie
staining. Purified scFv, analyzed by Western blotting, was detected using either mAb 9E10
or anti-His tag mAb, followed by rabbit anti-mouse HRP-conjugated mAb, as previously
described (36).

Example 14

Determination of tyrosine phosphorylation.

SKBR3 cells were grown for 24 h in serum deprived RPMI medium, then treated with
EGF (Collaborative Research Inc., Waltham, MA), or soluble Erbicin, at a concentration of
100 ng/ml and 12 pg/ml, respectively, in fresh, serum deprived medium. At the indicated
times, cells were washed with PBS, harvested and lysed in the presence of 1 mM sodium
orthovanadate. Western blotting analyses were performed with an anti-phosphotyrosine
mAb. The signal intensity of reactive bands was quantitated with a phosphorimager (GS-
710, Biorad, Hercules, CA).

Examplel5

Internalization of phage antibodies and native scFv.

Cells grown on coverslips to 60% confluency were incubated with phages (1011 cfu/ml) or
native scFv (20 pg/ml) for 2 or 16 hours at 37°C. Cells were then washed, fixed and
permeabilized as described elsewhere (34). Intracellular phages or scFv were detected with

either anti-M13 mAb or mAb 9E10, respectively, followed by FITC-conjugated rabbit
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anti-mouse immunoglobulin. Optical confocal sections were taken using a confocal
microscope (Zeiss, Axiovert S100TV).

Example 16

Flow cytometry.

Approximately 1x10° cells were incubated with 100 il of phage particles (10'2 ¢fu/ml), and
mixed with 25 ul of 10% Marvel/PBS (36). Bound phage particles were detected using
murine anti-M13 mAb, followed by FITC-conjugated rabbit anti-mouse immunoglobulin
(Dako). The anti-ErbB2 mAb MgR6 was used at saturating concentrations in PBS
containing 2% normal human serum, and detected using the FITC-conjugated rabbit anti-
mouse immunoglobulin (Dako). Controls comprised cells incubated with the appropriate
isotype-matched antibodies. For Annexin V immunofluorescence, cells were resuspended
in binding buffer (10mM HEPES, pH 7.4; 140mM NaCl, 2.5mM CaCl,) and then stained
with Annexin V-FITC and 7-amino-actinomycin D (7-AAD) according to the
manufacturer's recommendations (PharMingen, Oxford, UK). Labeled cells were analyzed
using the FACS Calibﬁr flow cytometer (Becton Dickinson, Oxford, UK); the data were
processed using CellQuest software (Becton Dickinson).

Example 17

Cell growth inhibition assays.

Cells were seeded in 96-well plates; SKBR3, BT-474 and MDA-MB453 cells at a density
of 1.5 x 10%well in 150 pl; ‘A431, NIH-3T3 and NIH-3T3 cells transfected with human
ErbB2, at a density of 5 x 10*/well. Phages (10'°-10"" cfu/ml) or soluble purified scFv (1-
20 pg/ml) were added, and at suitable time intervals surviving cells were counted. Cell
counts were determined in triplicate by the trypan blue exclusion test. In parallel
experiments cells were pulsed for 8 h with [H]thymidine (Amersham-Pharmacia Biotech,
Little Chalfont, UK) prior to harvest, and the incorporated radioactivity was measured.

To test apoptotic death, SKBR3 cells were seeded in 6-well plates at a density of 3 x
10%/well, in the absence or in the presence of Ph-Erbicin (10'' cfu/ml) or Erbicin (15
pg/mi). The irreievani anti-NIP scFv was tested in its phage and soluble format as a
control. After 24 hours, cells were harvested, washed in PBS, and treated with Annexin V
as described above. The apoptotic inducer puromycin (10 pg/ml) was used as a positive

control.
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Example 18
Preparation of hERB-RNase

The fully human immunoRNase hERB-RNase was prepared as follows: The cDNA
encoding human pancreas RNase, containing a spacer sequence at the 5° terminus and a
Not I recognition site at both termini, was cloned in the expression vector pHEN2 (27)
downstream to the sequence encoding Erbicin, previously inserted in Ncol/Notl sites.
SF110 E. coli cells were transformed with the recombinant vector and induced with IPTG.
hERB-RNase was isolated from a bacterial peryplasmic extract by “immobilized-metal
affinity chromatography” (IMAC) on a Talon resin, followed by an affinity
chromatography on a uridine-2’-5’,3’-5’-diphosphate-agarose resin. The recombinant
protein was analyzed by Blue Coomassie staining and Western blots performed with an
anti human pancreas RNase antibody. The ribonucleolytic activity was tested by a
zymogram developed with yeast RNA as an RNase substrate. The binding specificity was
tested by Elisa assays on SKBR3 and A431 cells. The effects of hERB-RNase on cell
proliferation were tested as described in Example 6. After a 72 h incubation with
increasing concentrations of hERB-RNase, the proliferation of SKBR3 cells was strongly
inhibited, with an IC50 value of about 20nM (see Fig. 8). When instead A431 cells were
tested as non-target cells, no effects on their proliferation were observed. These results
indicate that the fully human immunoRNase hERB-RNase is able to discriminate between

target and non-target cells, and to specifically induce the death of target cells.
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CLAIMS

1.

(W8]

10.

11.

13.

14.

A recombinant single chain anti-ErbB2 antibody of human origin able to inhibit growth
of cells expressing the ErbB2 receptor.

A recombinant antibody according to claim 1 able to inhibit the tyrosine kinase activity
of the receptor.

A recombinant antibody according to claim 1 characterized in that it is capable of
inhibiting the growth of SKBR3 cells by at least 65%.

A recombinant antibody according to claim 1 characterized in that it comprises at least
one of the following amino acid sequences: SEQ ID. N 2 (VH region) and SEQ ID. N
12 (VL region), and fragments thereof.

A recombinant antibody according to claim 4 characterized in that it comprises a VH
region corresponding to SEQ 1D. N. 2 and a VL region corresponding to SEQ ID. N
12, covalently linked by a protein linker.

A recombinant antibody according to claim 5 where said linker corresponds to
sequence SEQ ID. N 10.

A recombinant antibody according to claim 5 characterized in that it comprises a a
polyhistidine tail.

A recombinant antibody comprising amino acid sequence SEQ ID. N 20.

A recombinant antibody according to claims 4-8 characterized in that it comprises
conservative amino acid substitutions.

A protein comprising at least one of the following amino acid sequences: seq ID N 4, N
6,N 8;seqID N 14, N 16, N 18.

A protein according to claim 10 characterized in that it comprises conservative amino

acid substitutions.

. A homologous recombinant protein characterized in that it shows at least 40% identity

with the amino acid sequences according to claims 4-9.

A fusion protein characterized in that it comprises at least one of the sequences
according to claims 4-9.

A fusion protein, called ERB-Ab, made up of a protein according to claims 10-13 fused
to constant regions from human antibodies, or to toxins or molecules with cytotoxic

effect.
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16.

17.

18.

19.
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A fully human fusion protein made up of a protein according to claims 10-13 fused to
the constant regions from human immunoglobulins G1.

A fusion protein according to claims 14-15 that is an antibody capable to recognize
specifically ErbB2-positive tumor cells and selectively kill them.

A fully human fusion protein termed ImmunoRNase, made up of a protein according to
claims 10-13 fused to a human enzyme with ribonuclease activity

A fully human fusion protein according to claim 17, called hERB-RNase, made up of
Erbicin fused to a human enzyme with ribonuclease activity.

A fully human fusion protein according to claims 14-19 in which the enzyme is the

human pancreatic ribonuclease.

. ImmunoRNase hERB-RNase according to claim 17 characterized in that it is able to

perform at least one of the following activities: (i) it specifically recognizes receptor-
positive cells; (ii) it is endowed with enzymatic (ribonucleolytic) activity; (iii) tested on
receptor-positive and —negative cell lines it specifically kills receptor-positive cells,

hence it is capable of discriminating between target and non-target cells.

. Nucleotide sequences encoding the recombinant antibody according to claims 1-9.
. Nucleotide sequence according to claim 21 corresponding to SEQ ID. N. 19.

. Homologous nucleotide sequences with at least 60% identity with the sequence
g q Yy q

according to claim 22.

. Vector comprising at least one of the nucleotide sequences according to claims 21-23

and fragments thereof.

. Vector according to claim 24 characterized in that it is an expression vector.
. Vector according to claim 24 characterized in that it is a phagemid.
. Vector according to claim 24 characterized in that it comprises SEQ. ID. N 20.

. A bacteriophage characterized in that it comprises at least one of the sequences

according to claims 21-23.

. A bacteriophage according to claim 28 characterized in that it expresses on its surface

at least one copy of a recombinant antibody according to claims 1-9.

. Cells transformed with the vector according to claims 24-29.
. Antibodies and proteins according to claims 1-20 for pharmaceutical use.
. Antibodies and proteins according to claims 1-20 for diagnostic use.

. Antibodies and proteins according to claims 1-20 to be used as antitumor agents.
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34. Antibodies and proteins according to claim 33 where he tumor is from: mammary,
ovarian, colon, lung carcinomas, salivary glands tumor, gastric fumor.

35. Nucleotide sequences according to claims 21-23 for diagnostic use.

36. Nucleotide sequences according to claims 21-23 for pharmaceutical use.

37. A bacteriophage according to claims 28-29 for pharmaceutical use.

38. A bacteriophage according to claims 28-29 to be used as an antitumor agent.

39. A bacteriophage according to claim 37 where the tumor is from: mammary, ovarian,
colon, lung carcinomas, salivary glands tumor, gastric tumor.

40. Pharmaceutical composition comprising as active principle an effective amount of the
antibody or the protein according to claims 1-20.

41. Pharmaceutical composition comprising as active principle an effective amount of the
vector or the bacteriophage as in claims 24-29.

42. Pharmaceutical composition according to claims 39-40 further comprising diluents
and/or eccipients, and/or adjuvants.

43. The use of the antibodies and proteins according to claims 1-20 for the preparation of
antiproliferative drugs.

44. The use of the nucleotide sequences according to claims 21-23 for the preparation of
antiproliferative drugs.

45. The use of the nucleotide sequences according to claims 21-23 for the preparation of
antitumor drugs.

46. The use of the antibodies and proteins according to claims 1-20 for the preparation of
antitumor drugs.

47.The use of the bacteriophage according to claims 28-29 for the preparation of
antiproliferative drugs.

48. The use of the bacteriophage according to claims 28-29 for the preparation of
antitumor drugs.

49. A kit for the preparation of antibodies and proteins according to claims 1-20.

50. A kit for the preparation of vectors and bacteriophages according to claims 24-29.

51. A procedure for the preparation of bacteriophage Ph-Erbicin comprisig the following
steps:
- transformation of an E. coli strain with the phagemid according to claim 26
- selection of the E. coli strain
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- superinfection with M13 phage

- purification of Ph-Erbicin by precipitation with PEG.

A procedure for isolation and preparation of the bacteriophage Ph-Erbicin
characterized in that it comprises at least two cycles of subtractive selection, each
consisting of a selection on cell lines expressing ErbB2 receptor, and on cell lines not

expressing the ErbB2 receptor.

. A procedure according to claim 52 in which the first two selection cycles are

performed with SKBR3 cell line from human mammary carcinoma expressing high
levels of ErbB2, and with a cell line from human epidermoid carcinoma (A431),
expressing low levels of ErbB2; the subsequent two selection cycles are performed
using the same above mentioned combination.

A procedure according to claim 53 in which SKBR3 and A431 cell lines are replaced
by NIH3T3 cell line transfected with DNA encoding human ErbB2, and non-
transfected NIH3T3, respectively.

5. A procedure as in claims 52-54 in which each selection cycle comprising the steps of:

- labeling of positive cells with a fluorophore;

- phage incubation with a mixture of previously labeled positive cells and “negative”,
non labeled cells;

- cell washings and isolation of fluorescent cells;

- phage elution at acid pH;

- cell infection of TG1 strain (E. coli), with the phages obtained from the elution;

- identification of clones specific for ErtbB2 by an assay selected among: ELISA,
Western blotting, and flow cytometric analyses;

- preparation of the selected phage clone Ph-Erbicin.

A procedure for the preparation of soluble Erbicin characterized in that the vectors

according to claims 24-27 are used.

A procedure for the preparation of soluble Erbicin characterized by the following steps:

infection of E. coli cultures with Ph-Erbicin;

- growth in culture medium containing antibiotics up to an absorbancy value of 1 0.D.;
- induction with IPTG;
- expression;

- preparation of the periplasmic extract;
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- isolation of Erbicin from the periplasmic extract by affinity chromatography;

- purification by gel-filtration.

A procedure according to claim 57 in which the periplasmic extract is prepared by
incubating cells for 1 h on ice in 50mM Tris HCI pH 7.4 containing 20% sucrose and
1mM EDTA.

A procedure for the preparation of Erb-Ab comprising the following steps: (i) isolation
of Erbicin encoding cDNA; (ii) fusion of said cDNA to a cDNA encoding the constant
regions (CH2 and CH3) and the hinge peptide from human heavy chains of
immunoglobulin G1, cloned in the expression vector plgplus (Novagen); (iii)
expression of the resulting fusion cDNA in eucaryotic cells such as P3X cells from a
murine myeloma).

A procedure for the preparation of ImmunoRNase hERB-RNase comprising the
following basic steps: (i) fusion of the cDNA encoding Erbicin to the cDNA encoding
human pancreas RNase, said fusion being preferably performed by interposing a DNA
fragment encoding a spacer peptide according to SEQ ID N. 24; (ii) expression of the
resulting fusion cDNA in Escherichia coli; (iii) isolation and characterization of the

recombinant protein
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