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IMMUNOCONJUGATES HAVING HIGH BINDING AFFINITY

CROSS-REFERENCES TO RELATED APPLICATIONS

Not applicable.

STATEMENT AS TO RIGHTS TO INVENTIONS MADE UNDER
FEDERALLY SPONSORED RESEARCH AND DEVELOPMENT

Not applicable.

BACKGROUND OF THE INVENTION
In many types of cancer cells, differentiation antigens are expressed.
These antigens have been used as targets in cancer therapy. For example, CD19, CD20,
CD22 and CD25 have successfully been used as targets in hematopoietic malignancies
(Press, et al., New Eng. J. Med. 329:1219-1224 (1993); and Osterborg, et al., J. Clin.
Oncol. 15:1567-1574 (1997)). This targeted cancer therapy has not, however, been
successful with solid tumors, in large part because the targeted antigens are also

expressed in tissues from which the tumors arose. Thus, such targeted therapies kill

healthy cells as well as the malignant cells.

In the United States, despite therapy, an estimated 15,000 women die of
ovarian cancer each year. Although less common than ovarian cancer, mesotheliomas are
known to be resistant to all chemotherapeutic agents and therefore have a high mortality

rate. Because of the morbidity of these cancers, new therapeutic approaches to these

malignancies are needed.

Common to ovarian, squamous cell and some stomach cancers as well as
mesotheliomas is the expression of mesothelin on the cell surface (Chang, ez al., Cancer
Res. 52:181-186 (1992); Chang, et al., J. Surgical Pathology 16:259-268 (1992); and
Chang, et al., Nat’l Acad. Sci. USA 93:136-140 (1996)). Mesothelin 1s a 40 kD GPI-
linked glycoprotein antigen present on the surface of mesothelial cells. It 1s synthesized
as a 69 kD precursor which is then proteolytically processed. The 30 kD amino terminus
is secreted and has been termed megakaryocyte potentiating factor (Yamaguchy, ez al., J
Biol. Chem. 269:805-808 (1994)). The 40 kD carboxyl terminus remains bound to the
membrane as mature mesothelin (Chang, et al., Nat'l Acad. Sci. USA 93:136-140 (1990)).

Unlike many cell surface antigens present on cancer cells, the membrane-bound form of
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mesothelin cannot be detected in the blood of cancer patients and is not shed by cultured
cells into medium (Chang, et al., Cancer Res. 52:181-186 (1992)). In addition to
malignant cells, mesothelin 1s also found on the cell surface of cells of mesothelial origin,
including ovarnian cancers. Because damage to cells in these tissues would not lead to
life-threatening consequences, the presence of mesothelin on the surface of cancer cells
makes it a promising candidate for targeted therapies.

Immunotoxins are antibodies directed against cell surface antigens joined
to a toxic moiety. In the treatment of cancer, the antibody preferably 1s directed against a
cell surface antigen expressed only on cancer cells. However, if the death of normal cells
which also express the surface antigen 1s not more life-threatening than the existence of
the malignancy, antibodies directed against cell surface antigens expressed on non-
malignant cells can be used in cancer therapy. The toxic moziety of the immunotoxin can
be any toxin that is not harmful to non-targeted cells at low concentrations after systemic
administration. Such a toxin is the Pseudomonas aeruginosa exotoxin (PE). Previous
studies with PE have demonstrated that the active portion of the protein 1s composed of
domain II and III, both of which are located at the carboxyl end of the toxin. Other

toxins under development or consideration for use as the toxic moiety of immunotoxins

are diphtheria toxin (Watson ef al., Intl J Cancer, 61:233-40 (1995)), saporn (e.g .,
Chandler et al., Intl J. Cancer 78(1):106-11 (1998)) pokeweed antiviral protein (e.g., Ek
et al., Clin Cancer Res, 4(7):1641-7 (1998), ricin (e.g ., Ohtomo ef al., Anticancer Res,
18(6A):4311-5 (1998)), and bryodin 1 (e.g., Francisco et al., ] Biol Chem,
272(39):24165-9 (1997)). For use as immunotoxins, often the natural toxin molecule 1s
altered to avoid non-specific toxicity or other undesirable effects. For example, the A and
B chains of ricin are usually separated so that the toxic effect of the A chain can be used

while avoiding the non-specific binding which would otherwise be provided by the B

chain.

The antibodies that target the immunotoxin can be polyclonal, monoclonal,
or recombinant antibodies, such as chimeras or variable region fragments. If the antibody
1s non-recombinant, the immunotoxin must be formed by chemical conjugation of the
antibody to the toxic moiety. If the antibody 1s produced recombinantly, the antibody can
be joined to the toxin through chemical bonding or through recombinant fusion. In
recombinant fusion, cDNA encoding the antibody 1s inserted, in frame, into a plasmid that

already contains cDNA which encodes the toxin. Of course, the reverse could be done as
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well; the toxin cDNA can be inserted 1into a plasmid carrying cDNA which encodes the
antibody.

Because of the potential large size of the immunotoxin, it 1s sometimes
desired to join only a fragment of an antibody to the toxic moiety. Fab, Fab" and F(ab),

fragments can be made from polycional, monoclonal and chimeric antibodies and then

joined to the toxin through chemical bonding.

Alternatively, a cDNA can be produced in which the variable regions of an
antibody are connected to essential framework regions. These smaller antibodies are then
secreted as double chain Fv antibodies or, if the heavy and light chain regions are joined
either directly or through a peptide linker, as single chain Fv antibodies (scFv).

One method of creating a scFv is through phage display libraries made
from splenic mRNA of mice immunized with an immunogen (Chowdhury, et al., Mol.
Immunol. 34:9-20 (1997)). If a protein immunogen 1s naturally found in mammals but 1s
recombinantly expressed in prokaryotes, however, the protein will not have the correct
glycosylation pattern and may not have the correct conformation. Antibodies developed
by the mouse in response to this immunogen may not recognize the protein in its native
state. One solution to this problem is to immunize animals with the native protein made
in mammalian cells, but purification from mammalian cells of sufficient amounts of some
proteins, in particular cell surface proteins, may not be possible. Another solution,
although not as common, is to immunize animals with cDNA which encodes the
immunogen. The cDNA, under the control of an approprate promoter, 1s introduced 1nto
the animal. After boosting injections and when the antibody titer reaches a maximum, the
animals are sacrificed and the spleens removed to create the phage display library.

Development of targeted therapies against mesothelin-expressing
malignancies has been hampered by difficulties in developing high-affinity antibodies
that are internalized well. As we noted 1n a recent publication, Chowdhury et al., Proc
Natl Acad Sci USA, 95:669-674 (1998) (hereafter, “Chowdhury 1998”), purification of
sufficient amounts of mesothelin from mammalian cells has not been possible, and
recombinant mesothelin expressed in Escherica coli has a low affinity for mesothelin-
positive cells. We there reported that, by immunizing mice with plasmids containing

DNA encoding mesothelin, we were able to elicit high titers of anti-mesothelin

antibodies. We further reported that, using splenic RNA and phage display technology,

we were able to isolate a single-chain Fv (“scFv”’), which we called SS scFv, that binds

with high affinity to mesothelin.
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While SS appears to be a useful targeting agent for immunoconjugates,
such as immunotoxins, even higher affinity antibodies are expected to improve the ability

to detect mesothelin-expressing cancers, and to enhance the ability of immunotoxins to
kill cancer cells expressing mesothelin. Accordingly, a need remains for improved means
of generating antibodies with high affinity to target antigens. In particular, a need

remains for higher affinity antibodies to mesothelin.

SUMMARY OF THE INVENTION

The present invention relates to polypeptides which comprise a mutated
antibody heavy chain variable region or a mutated antibody light chamn variable regron, or
both, wherein the polypeptide has at least 5 times binding affinity for an antigen that does
a parental antibody. The polypeptides have a sequence that differs from the parental
antibody by an amino acid substitution of at least one amino acid 1n a complementarity
determining region, the amino acid encoded by a codon that comprises a nucleotide
belonging to a hotspot moﬁf selected from AGY ro RGYW, where Ris AorG, YisCor
T, and W is A or T. The amino acid substitutions can occur in the CDR3 of the variable
region of the heavy or of the light chain, or in the CDR1 or 2 of those variable regions. In
some embodiments of the invention, the antigen in mesothelin, and the parental antibody
is SSscFv, and the polypeptide has a sequence which differs from antibody SS by an
amino acid substitution of at least one amino acid selected from S92, G93, and Y94 (that
is, selected from the serine residue at position 92, the glycine residue at position 93, or the
tyrosine at position 94, according to the standard numbering of amino acid residues for
the SSscFv. See also Figure 1).

In some preferred embodiments, the substitutions of the SSsckv CDR3
variable region of the light change are selected from G93K-Y9%4H (that is, the glycine at
position 93 is changed to a lysine and the tyrosine at position 94 is changed to a histidine,
these changes define the antibody styled “SS17%), S92G-G93F-Y94N (that 1s, the serine at
position 92 is changed to a glycine, the glycine at position 93 1s changed to a
phenylalanine, and the tyrosine at position 94 1s changed to an asparagine; these changes
define the scFv called “D&”, and

S92G-G93S-Y94H (that is, the serine at position 92 1s changed to a
glycine, the glycine at position 93 is changed to a serine, and the tyrosine at position 94 1s

changed to an histidine; these changes define the scFv called “C107).
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The polypeptides described above can also form part of an
immunoconjugate. For example, they can comprise a therapeutic moiety or a detectable
label. In some embodiments, the therapeutic moiety can be a toxic moiety, such as a
Pseudomonas exotoxin, or a cytotoxic fragment thereof, such as PE38. The toxic moiety
can also be diptheria toxin or a cytotoxic fragment thereof, saporin or a cytotoxic
fragment thereof, pokeweed antiviral protein or a cytotoxic fragment thereof, ricin or a
cytotoxic fragment thereof, or bryodin 1 or a cytotoxic fragment thereof. In another
embodiment, the polypeptides can further comprise a surface protein of a bacteriophage.

In another aspect, the invention relates to nucleotides encoding
polypeptides comprising a mutated antibody heavy chain variable region or a mutated
antibody light chain variable region, or both, wherein the polypeptide has at least 5 times
binding affinity for an antigen that does a parental antibody. The polypeptides also have
a sequence that differs from the parental antibody by an amino acid substitution of at least
one amino acid in a complementarity determining region, the amino acid encoded by a
codon that comprises a nucleotide belonging to a hotspot motif selected from AGY or
RGYW, where Ris AorG, YisCorT,and Wis A or T. In some embodiments, the
antigen is mesothelin, the parental antibody is antimesothelin antibody SS and the
polypeptide has a sequence which differs from antibody SS by an amino acid substitution
of at least one amino acid selected from S92, G93, and Y94. In a further embodiment, the
substitutions are selected from G93K-Y94H (SS1), S92G-G93F-Y94N (D), and S92G-
G93S-Y94H (C10).

In yet another aspect, the present invention relates to expression cassettes
encoding a promoter operably linked to one of the nucleic acid molecules described

above.

In another aspect, the invention relates to a method of killing a malignant
cell bearing an antigen, comprising contacting the cell with an immunotoxin comprising a
targeting moiety and a toxic moiety, the targeting moiety comprising a mutated antibody
heavy chain variable region or a mutated antibody light chain vanable region, or both, the
polypeptide having at least 5 times binding affinity for an antigen that does a parental
antibody. The polypeptides further have a sequence that differs from the parental
antibody by an amino acid substitution of at least one amino acid 1n a complementanty
determining region, the amino acid encoded by a codon that comprises a nucleotide
belonging to a hotspot motif selected from AGY or RGYW, where R1s Aor G, Y 1s C or

T, and W is A or T. In some embodiments, the antigen 1s mesothelin. Further, 1n some

S
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embodiments, the targeting moiety is selected from the group consisting of SS1, D8, and

C10.
The invention further provides an antibody designated E4 in which the

CDR3 VL differs from parental antibody SS by a substitution of L96T. E4 can also be
used as the targeting moiety of an immunoconjugate, such as an immunotoxin used, for
example, to purge mesothelin-bearing cancer cell in vitro, or to inhibit or kill cancer cells
In vivo.

In yet further aspects, the invention relates to methods of 1dentifying a
polypeptide which has a higher affinity for a target antigen than does a parental antibody,
comprising contacting a polypeptide comprising a mutated antibody heavy chain variable
region or a mutated antibody light chain variable region, or both, the polypeptide having
at least 5 times binding affinity for an antigen that does a parental antibody, and the
polypeptides having a sequence that differs from the parental antibody by an amino acid
substitution of at least one amino acid in a complementarity determining region, the
amino acid encoded by a codon that comprises a nucleotide belonging to a hotspot motif
selected from AGY or RGYW, where RisAor G, Yis Cor T, and W 1s A or T, with the
target antigen under conditions appropriate for specific binding between an antibody and
the target antigen, eluting the polypeptide under conditions which remove any antibody or
fragment thereof which has not bound to the target antigen with an affinity higher than
that of the parental antibody or fragment thereof, and determining whether the
polypeptide is bound to the antigen, whereby binding identifies the polypeptide as having
a higher affinity for the target than does the parental antibody.

The invention further relates to a method of making a library of of nucleic
acids encoding mutated antibody variable domains comprising providing a nucleic acid
molecule encoding an amino acid sequence of a Vy or a V. domain of a parental
antibody, the nucleic acid molecule comprising at least one parental hot spot codon
comprising at least one nucleotide within a hot spot motif and generating a plurality of
mutated nucleic acid molecules encoding mutated amino acid sequences that differ from

the parental amino acid sequence wherein each mutated nucleic acid sequence comprises

at least one mutated codon different than a parental hot spot codon encoding an amino

acid, the mutated codon encoding an amino acid different than the amino acid encoded by

the parental hot spot codon.

In some embodiments, the plurality of mutated nucleic acid molecules

used in the method contains at least 19 members, wherein each of the 19 members

6
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encodes an amino acid sequence in which the amino acid encoded by the parental hot spot
codon is replaced by a different natural amino acid. In still more embodiments, the method can
involve a plurality of mutated nucleic acid molecules which comprise mutated codons different
than at least two parental hot spot codons encoding amino acids, each of the mutated codons
encoding an amino acid difterent than the amino acid encoded by the parental hot spot codon. In
other embodiments, the method can involve a plurality of mutated nucleic acid molecules which
comprises at least 399 members, each of which members encodes an amino acid sequence in
which the amino acids encoded by the parental hot spot codons is replaced by a different natural
amino acid. In further embodiments of the method, the parental antibody is of a class of
antibodies having at least one conserved amino acid encoded by a codon, wherein the codon or
codons encoding the conserved amino acids are not mutated. In yet further embodiments of this
method, the hot spot motif is selected from the group consisting of AGCA, AGTT, AGCT,
AGTA, GGCA, GGTT, GGCT, GGTA, AGC, and AGT. In yet more embodiments of the
method, the mutated nucleic acid molecule comprises at least one mutated codon within a
portion of the Vi or the V; domain comprising a CDR. The CDR can be the CDR3 of the Vy
domain or the CDR3 of the V; domain.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1: Figure 1 contains the amino acid sequence of SS scFv (SEQ ID NO:
1) as deduced from its nucleotide sequence. In the scFv, Vi 1s connected to V. by a linker
peptide, GVGGSG4SG4S (SEQ ID NO: 2). The framework regions, CDRs, and linker have been
marked. H denotes the heavy chain; L denotes the light chain; FR denotes a framework region;
CDR denotes a complementarity determining region.

Figure 2: Mesothelin binding as judged by ELISA of phage clones selected
after panning each of the four libraries. Figure 2A: This Figure shows, in separate rows, the
amino acid numbering, nucleotide sequence, and amino acid sequence, of the CDR3 of the
variable light chain of SS scFv. Top row: Amino acid residue numbers of the variable light
chain CDR3 of parental scFv SS. Middie row: Nucleotide sequence (SEQ ID NO: 3) encoding
the amino acids in the CDR3 of scFv SS CDR3. Rectangles designate the tetranucleotide
hotspot motifs; an oval designates the serine hotspot motif in the sequence. Bottom row: Amino
acid sequence (SEQ ID NO: 4) of the CDR3 of scFv SS, 1n single letter code.

Figures 2B through 2E are panels representing the ELISA results of clones from
individual libraries. Each symbol in a panel represents the ELISA signal of phage particles from

a single clone. The filled squares in each panel (marked by arrows) represent the internal

7
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standard parental SS(scFv) phage. The libraries are designated at the top of each panel. Figure
2B: ELISA results from library of clones mutated at residues 89, 93, and 94. Figure 2C: ELISA
results from library of clones mutated at residues 89, 90, and 91. Figure 2D: ELISA results from
library of clones mutated at residues 92, 93, and 94. Figure 2E: ELISA results from library of
clones mutated at residues 95, 96, and 97.

Figure 3: Amino acid sequence of some of the ELISA positive phage clones
obtained after panning of the different libraries. Only sequences of regions which differ among
the clones are shown. An asterisk (*) indicates that several clones with the same amino acid
sequence but different nucleotide sequences were found. VL CDR3 nucleotide (SEQ ID NO: 3)
and amino acid (SEQ ID NO: 4) sequences are shown.

Figure 4: Comparison of the BlAcore' ™
wild type and mutated scFv immunotoxins to immobilized mesothelin. From left to right the
targeting moiety of the immunotoxins are: the parental SS, and the mutated variants SS1, D8,

ClO and E4. The values for K, Kons and Kpg are tabulated below the Figure. “RU” stands for

“resonance units.” The X-ax1s represents time 1 seconds.

DETAILED DESCRIPTION OF THE INVENTION

L. Overview

The present invention provides antibodies to mesothelin which have increased
affinity for this antigen compared to SS(scFv). The antibodies can be used as targeting mozieties
to make more effective immunoconjugates, such as immunotoxins, These immunoconjugates
can be used for im vitro uses, such as the detection of mesothelin-expressing cells present in a
biological sample. The immunotoxins can further be used to kill cells expressing mesothelin,
such as cancer cells of cancers expressing mesothelin on their surfaces.

The invention further provides a new method for generating antibodies with
higher affinity to a target antigen than that of a parental antibody:.

In particularly preferred embodiments, the antibody is a scFv or a dskv. Many of

the recombinant immunotoxins produced {rom constructs of sckv are one-third

sensorgrams obtained for the binding of
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the size of IgG-toxin chemical conjugates and are homogeneous 1n composition.
Elimination of the constant portion of the IgG molecule from the scFv results in faster
clearance of the immunotoxin after injection into animals, including primates, and the
smaller size of the conjugates improves drug penetration 1n solid tumors. Together, these
properties lessen the side effects associated with the toxic moiety by reducing the time n
which the immunotoxin (IT) interacts with non-target tissues and tissues that express very
low levels of antigen.

These advantages, however, are offset to some degree by the loss of
antigen binding affinity that occurs when IgGs are converted to scFvs (Reiter et al.,
Nature Biotechnol. 14:239-1245 (1996)). Increasing affinity has been shown to improve
selective tumor delivery of scFvs (Adams et al., Cancer Res. 58:485-490 (1998)), and 1s
likely to increase their usefuiness in tumor imaging and treatment. Therefore, increasing
the affinity of scFvs and other targeting moieties (such as dsFvs, Fabs. and F(ab’), of
immunoconjugates is desirable to improve the efficiency of these agents 1n delivering
effector molecules, such as toxins and other therapeutic agents, to their intended targets.

Improvements in affinity can be achieved in vitro by site directed or
random mutagenesis. While antibody-antigen crystal structure can indicate which
residues should be mutated to improve binding, atomic resolution structural data are not
available for most antibodies. Therefore several strategies based on phage display
technology have been developed to select higher affinity antibodies from libraries
expressing mutated variants of Fabs and scFvs (Gram et al., Proc. Natl. Acad. Sci. US4
89:3576-3580 (1992); Low et al., J. Mol. Biol. 260:359-368 (1996), de Kruif ez al., J.
Mol. Biol. 248:97-105 (1995); Griffith et al., EMBO J. 12:725-734 (1993), Barbas et al.,
J. Mol. Biol. 230:812-823 (1993); Schier et al., J. Mol. Biol. 255: 28-43 (1996); Yelton et
al.. J. Immunol., 155:1994-2004 (1995); Yang et al., J. Mol. Biol. 254:392-403 (1995);
Pini et al., J. Biol. Chem. 273:21769-21776 (1998); Wu et al., Proc. Natl. Acad. Sci. USA
95:6037-6042 (1998)). These approaches require the construction of huge and multiple

libraries which are often difficult to attain and may be expensive to produce.

We have developed a new method that permits the generation of Fvs with
increased affinity from a small library of variants. The method is based on the fact that
the DNA encoding the variable regions of antibodies contain mutational hotspots, which
are nucleotide sequences where mutations are frequently concentrated during the in vivo
affinity maturation process (Neuberger and Milstein, Curr. Biol. 7: 248-254 (1995); Jolly
et al.. Semin. Immunol. 8:159-168 (1996); Gonzalez-Fernandez et al., Proc. Natl. Acad.
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Sci. USA 91:12614-12618 (1994)). Several different types of variable region hotspots,
such as direct and inverted repeats, palindromes, secondary structures and certain
consensus sequences have been proposed (Neuberger and Milstein, Curr. Biol. 7: 248-254
(1995); Jolly et al., Semin. Immunol. 8:159-168 (1996); Gonzalez-F ermandez et al., Proc.
Natl. Acad. Sci. USA 91:12614-12618 (1994); Golding et al., Genetics, 115:169-176
(1987); Kolchanov et al., FEB Lett. 214:87-91 (1987); Rogozin et al., Biochim. Biophys.
Acta 1089:175-182 (1991); Insel and Varade, Int. Immunol., 6:1437-1443 (1994); Wagner
et al.. Nature, 376:732 (1995)). Among all these, the consensus hotspot sequences have
been studied in more detail. One of these consensus sequences is a tetranucleotide A/G-
G-C/T-A/T (Pu-G-Py-A/T). The other type is represented by the serine codons AGY,
where Y can be a C or a T (Wagner et al., Nature, 376:732 (1995); Goyenechea and
Milstein, Proc. Natl. Acad. Sci. USA 93:13979-13984 (1990)).

Recently, we developed a single chain Fv termed SS(scFv), which was
selected from a phage display library based on its recognition of the mesothelin antigen
expressed on the surface of ovarian cancers, mesotheliomas and several other human
cancers (Chowdhury1998; Chang and Pastan, Proc. Natl. Acad. Sci. USA 93:136-140
(1996)). The amino acid sequence of SS(scFv ), as deduced from its nucleotide sequence,
is set forth as Figure 1, and the nucleotide sequence has been deposited in GenBank.
SS(scFv) can be synthesized by recombinant means or, if desired, by standard techniques
for synthesizing proteins.

SS(scFv)-PE38 is an immunotoxin made by fusing SS(scFv) with a 38
kDa truncated mutant of Pseudomonas exotoxin A called PE38. When injected mto mice
carrying mesothelin-positive human tumors, SS(scFv)-PE38 causes regressions of the
tumors and is being developed for treating human cancers. The affinity of SS (scFv)-
PE38 for mesothelin was found to be 11nM (Chowdhury1998). Although this 1s a
relatively high affinity, even higher affinities are considered desirable to enhance the
performance of immunoconjugates based on the 55 antibody, including the SS(scFv), 1n
therapeutic, diagnostic, and in vitro uses.

Prior attempts to improve antibody affinity have relied, inter alia, on
random mutations of the residues of CDRs or on mutating particular amino acids found
from crystallagraphic analysis to affect antigen contact. Improving affinity through
immunization and DNA immunization also appeared unlikely in view of the results
reported in Chowdhury 1998. To overcome some of the disadvantages in these methodes,

noted above, we created a new approach. We targeted hotspots in the CDRs, where we
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created random mutations. Although any CDR could be altered in this approach, we
tested the method using the CDR3 of the variable region light chain. In part, CDR3 was
chosen because it is centrally located in the antigen binding site and has the greatest
impact on antigen recognition and affinity. CDRs 2 and 1 are, however, also known to
affect antigen affinity (in the order stated), and could be used 1nstead of or 1n addition to

CDR3.

Using this approach we were able to generate and to isolate scFvs that had
increases in affinity of from 15 to 55 -fold from a small library of only about 8000
independent clones. Immunotoxins made with these high affinity variants had more than
a 10-fold increase in cytotoxic activity. Although we used the light chain CDR3 1n the
studies reported in detail below, we have used the same approach to generate scFvs from
the heavy chain CDR3 of SS. Like the scFV generated by mutating the SS light chain
CDR3, in ELISA binding studies, a number of these mutated heavy chain scFV show a
higher affinity for mesothelin than does the parental SS scFV. Moreover, we have also
used the technique to an antibody other than SS, in this case, an antibody which binds to a
mutant form of epidermal growth factor. In light of these results, we expect this approach
to be generally useful in rapidly obtaining Fvs, Fabs or other recombinant antibodies with
increased affinity for their target antigens compared to the affinity of their parental
antibodies. In the course of this work, we also generated an scFv, designated E4, made
by a mutation outside a hotspot motif, with an affinity for mesothelin about 3.7 times that
of SS. While its affinity is markedly less than that of scFvs made by the hotspot mutation

method, its affinity is still several times greater than that of the best previously known

anti-mesothelin scFv.

In the sections below, the terms used herein are defined for additional
clarity. The method is described in more detail. Finally, the examples set forth specific

experimental procedures for conducting the method and the sequences of the CDR3 of

specific improved anti-mesothelin antibodies.

I1. Definitions

Units, prefixes, and symbols are denoted in their Systeme International de
Unites (SI) accepted form. Numeric ranges are inclusive of the numbers defining the
range. Unless otherwise indicated, nucleic acids are written left to right in 5' to 3'
orientation; amino acid sequences are written left to right in amino to carboxy orientation.

The headings provided herein are not limitations of the various aspects or embodiments
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of the invention, which can be had by reference to the specification as a whole.
Accordingly, the terms defined immediately below are more fully defined by reference to
the specification 1n its entirety.

The term "mesothelin" includes reference to a mesothelin protein and
fragments thereof which may be present on the surface of cells of a mammal, such as a
rat, a mouse, a primate, or, in particular, a human. The preferred nucleic acid and amino
acid sequences of mesothelin are as described in PCT published application WO
97/25,068, United States issued Patent No. 6,083,502. In
addition, see, Chang, K. & Pastan, 1., Int. J. Cancer 57:90 (1994), Chang, K. & Pastan, 1.,
Proc. Nat'l Acad. Sci. USA 93:136 (1996); Brninkmann U., et al., Int. J. Cancer 71:638
(1997); and Chowdhury, P.S., et al., Mol. Immunol. 34:9 (1997). Mesothelin also refers
to mesothelin proteins or peptides which remain intracellular, as well as secreted or
isolated extracellular protein.

As used herein, "antibody" includes reference to an immunoglobulin
molecule immunologically reactive with a particular antigen, and 1ncludes both
polyclonal and monoclonal antibodies. The term also includes genetically engineered
forms such as chimeric antibodies (e.g., humanized murine antibodies), heteroconjugate
antibodies (e.g., bispecific antibodies) and recombinant single chain Fv fragments (sckv),
disulfide stabilized (dsFv) Fv fragments

or pFv fragments,

The term "antibody" also includes antigen binding forms of antibodies
(e.g., Fab', F(ab'),, Fab, Fv and rigG. See also, Pierce Catalog and Handbook, 1994-1995
(Pierce Chemical Co., Rockford, IL); Kuby, J., /mmunology, 3" Ed., W.H. Freeman &
Co., New York (1997). _

An antibody immunologically reactive with a particular antigen can be
generated by recombinant methods such as selectionh of libraries of recombinant
antibodies in phage or similar vectors, see, e.g., Huse, et al., Science 246:1275-1281
(1989); Ward, et al., Nature 341:544-546 (1989); and Vaughan, er al., Nature Biotech.
14:309-314 (1996), or by immunizing an animal with the antigen or with DNA encoding
the antigen.

Typically, an immunoglobulin has a heavy and hght chain. Each heavy
and light chain contains a constant region and a vanable region, (the regions are also
known as “domains’). Light and heavy chain vanable regions contain a "framework"

region interrupted by three hypervariable regions, also called “complementarnity-

12



10

15

20

25

30

CA 02374398 2001-11-19
WO 00/73346 PCT/US00/14829

determining regions’ or “CDRs”. The extent of the framework region and CDRs have
been defined (see, Kabat, E., et al., SEQUENCES OF PROTEINS OF IMMUNOLOGICAL
INTEREST, U.S. Department of Health and Human Services, (1987), which is hereby
incorporated by reference). The sequences of the framework regions of different light or
heavy chains are relatively conserved within a species. The framework region of an
antibody, that 1s the combined framework regions of the constituent light and heavy
chains, serves to position and align the CDRs 1n three dimensional space.

The CDRs are primarily responsible for binding to an epitope of an
antigen. The CDRs of each chain are typically referred to as CDR1, CDR2, and CDR3,
numbered sequentially starting from the N-terminus, and are also typically 1dentified by
the chain in which the particular CDR 1s located. Thus, a Vi CDR3 1s located in the
variable domain of the heavy chain of the antibody in which 1t is found, whereas a V|
CDR1 is the CDR1 from the variable domain of the light chain of the antibody 1n which 1t

1s found.

References to “Vy* or a “VH” refer to the variable region of an
immunoglobulin heavy chain, including an Fv, scFv , dsFv or Fab. Reterences to “V;" or
a “VL” refer to the variable region of an immunoglobulin light chain, including of an Fv,

scFv , dsFv or Fab

The phrase “single chain Fv” or “scFv” refers to an antibody in which the

variable domains of the heavy chain and of the light chain of a traditional two chain
antibody have been joined to form one chain. Typically, a linker peptide 1s inserted
between the two chains to allow for proper folding and creation of an active binding site.
The term "linker peptide" includes reterence to a peptide within an
antibody binding fragment (e.g., Fv fragment) which serves to indirectly bond the
variable domain of the heavy chain to the variable domain of the light chain.
The term “parental antibody” means any antibody of interest which 1s to be

mutated or varied to obtain antibodies or fragments thereof which bind to the same

epitope as the parental antibody, but with higher affinity.

The term “hotspot” means a portion of a nucleotide sequence of a CDR or

of a framework region of a variable domain which 1s a site of particularly high natural
variation. Although CDRs are themselves considered to be regions of hypervariability, 1t
has been learned that mutations are not evenly distnibuted throughout the CDRs.
Particular sites, or hotspots, have been identified as these locations which undergo

concentrated mutations. The hotspots are characterized by a number of structural features

13



10

15

20

25

30

CA 02374398 2001-11-19
WO 00/73346 PCT/US00/14829

and sequences. These “hotspot motifs” can be used to 1dentify hotspots. Two consensus
sequences motifs which are especially well characterized are the tetranucleotide sequence
RGYW and the serine sequence AGY, where Ris Aor G, Y 1s C or T, and Wis AorT.

A ““targeting moiety” is the portion of an immunoconjugate intended to
target the immunoconjugate to a cell of interest. Typically, the targeting moiety 1s an
antibody, a scFv, a dsFv, an Fab, or an F(ab’),.

A ““toxic moiety’ is the portion of a immunotoxin which renders the

immunotoxin cytotoxic to cells of interest.

A “‘therapeutic moiety” is the portion of an immunoconjugate intended to

act as a therapeutic agent.

The term "therapeutic agent" includes any number of compounds currently
known or later developed to act as anti-neoplastics, anti-inflammatories, cytokines, anti-
infectives, enzyme activators or inhibitors, allosteric modifiers, antibiotics or other agents

administered to induce a desired therapeutic effect in a patient. The therapeutic agent

may also be a toxin or a radioisotope, where the therapeutic effect intended 1s, for

example, the killing of a cancer cell.

A “detectable label” means, with respect to an immunoconjugate, a portion
of the immunoconjugate which has a property rendering 1ts presence detectable. For
example, the immunoconjugate may be labeled with a radioactive 1sotope which permits

cells in which the immunoconjugate is present to be detected in immunohistochemical

assays.

The term “effector moiety”’ means the portion of an immunoconjugate
intended to have an effect on a cell targeted by the targeting moiety or to 1dentify the
presence of the immunoconjugate. Thus, the effector moiety can be, for example, a

therapeutic moiety, a toxin, a radiolabel, or a fluorescent label.

The term “immunoconjugate” includes reference to a covalent linkage of

an effector molecule to an antibody. The effector molecule can be an immunotoxin.

The terms "effective amount” or "amount effective to" or "therapeutically

effective amount" includes reference to a dosage of a therapeutic agent sufficient to

produce a desired result, such as inhibiting cell protein synthesis by at least 50%, or

killing the cell.

The term "toxin" includes reference to abrin, ricin, Pseudomonas exotoxin
(PE), diphtheria toxin (DT), botulinum toxin, or modified toxins thereof. For example,

PE and DT are highly toxic compounds that typically bring about death through hver
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