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In WO 2007/047578 the cell display of antibody libraries is reported.

Summary ef-the-fuventien

It has been found that full length antibodies can be expressed and displayed on
eukaryotic cells by using a lentiviral virus particle comprising a bicistronic
expression cassette. The expression of full length antibodies on eukaryotic cells
using a lentiviral virus particie as reported herein is possible by using the IRES
(internal ribosomal entry site) element of the EV71, which is linking either the
expression cassettes of an antibody light chain and an antibody heavy chain or the

expression cassettes of two antibody heavy chains,

In case of the presence of an antibody light chain expression cassette and an
antibody heavy chain expression cassette in the lentiviral vector the antibody heavy
chain expression cassette may comprises after the exon encoding the C-terminal
antibody domain a non-constitutive splice site providing a means for expressing
beside the soluble antibody heavy chain also a membrane-bound antibody heavy

chain resulting in the presentation of membrane-bound full length antibody.

In case of the presence of two antibody heavy chain expression cassettes in the
lentiviral vector either both or only the second antibody heavy chain expression
cassette may comprises after the exon encoding the C-terminal antibody domain an
exon encoding a transmembrane domain resulting in the presentation of membrane-
bound full length antibody.

Further are provided herein methods for generating and selecting a eukaryotic cell
expressing and displaying on its surface an antibody, especially a full length

monoclonal antibody.

The disclosure relates to Ome—sspest-as—reported-horein—is-a lentiviral vector

comprising a bicistronic expression cassette, which comprises in 5’°- to 3”-direction
- @& promofter,
- a first nucleic acid encoding a full length antibody light chain,
- the EV71-IRES,
- a second nucleic acid encoding a full length antibody heavy chain,
- a gpliceable intron, and

- atransmembrane domain or a GPL-anchor.
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This lentiviral vector as reported herein is an expression vector in that it comprises
a bicistronic expression cassette for the expression of a full length antibody light
chain and a full length antibody heavy chain, wherein the IRES separating the two
expression cassettes is the EV71-IRES.

It has been found that only the EV71-IRES can be used for the expression of full
length antibody in a bicistronic expression cassette in a lentiviral expression

system.

Due to the provision of the spliceable intron a soluble form of the antibody heavy
chain as well as a membrane-bound form of the antibody heavy chain can be

expressed from the expression vector as reported herein.

By expression of a scluble form and a membrane-bound form of the antibody

‘heavy chain the cell on the one hand secretes a full length antibody, which can be

tested e.g. in an ELISA, and at the same time presents a membrane-bound form of
the full length antibody on its surface, which can be used for the selection of the

cell e.g. by FACS enabling the isolation of a single cell cione.

The disclosure relates fo One—uspectas-—reporied-herein—is-a lentiviral vector

comprising a bicistronic expression cassette, which comprises in 5°- to 3 -direction
- apromoter,
- a first nucleic acid encoding a first full length antibody heavy chain,
- the EV71-IRES,
- a second nucleic acid encoding a second full length antibody heavy chain,
and

- atransmembrane domain or a GPl-anchor.

This lentiviral vector as reported herein is an expression vector in that it comprises
a bicistronic expression cassette for the expression of two different full length
antibody heavy chains, wherein the IRES separating the two expression cassettes is
the EV71-IRES.

By expression of a membrane-bound form of the antibody heavy chain the cell
presents a membrane-bound form of the full length antibody on its surface, which
can be used for the selection of the cell e.g. by FACS enabling the isolation of a
single cell clone.
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In one embodiment the antibody is an antibody that specifically binds to an
antigen. Thus, in one embodiment the antibody or the antibody encoding nucleic
acid, respectively, is obtained from a B-cell that has been selected for that

specifically binds to an antigen.

In one embodiment the antibody is a bivalent monospecific antibody. In one

embodiment the antibody specifically binds to an antigen.

[n one embodiment the antibody is a bivalent bispecific antibody. In one
embodiment the antibody specifically binds to two different antigens or to two

epitopes on the same antigen.

In one embodiment the antibody is a tetravalent bispecific amtibody. In one
embodiment the antibody specifically binds to two different antigens or to two

epitopes on the same antigen.

In one embodiment the expression vector is a lentiviral (expression} vector.

The disclosure relates to One-aspectasveported-herein-ig-a lentiviral vector library

comprising two or more lentiviral particles each comprising an expression vector as
reported herein, wherein the antibodies encoded by each vector differ in at least one

amino acid from each other.

In one embodiment the vector library comprises of from 1,000 to 1,000,000

different expression vectors.

In one embodiment the antibodies encoded by the vectors of the vector library

differ in at least one amino acid residue in the variable domains of the antibody.

In one embodiment the antibodies encoded by the vectors of the vector library
differ in at least one amino acid residue in one of the CDRs of the antibody. In one
embodiment the CDR i1s the heavy chain CDR3.

The disclosure relates to Ome—aspect—as—reported—hereln-is—a. eukaryotic cell

comprising a bicistronic expression cassette as reported herein. In one embodiment

the bicistronic expression cassette has been transduced into the cell.

The disclosure relates 1o One-aspect-asreported-herein-is-a eukaryotic cell library

comprising two or more eukaryotic cells each comprising a bicistronic expression

cassette or a vector as
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reported herein, wherein the antibodies expressed by each cell differ in at least one

amino acid from each other.

In one embodiment the eukaryotic cell library comprises of from 1,000 to
1,000,000 different mammalian cells.

In one embodiment the antibodies expressed by the cells of the eukaryotic cell
library differ in at least one amino acid residue in the variable domains of the
antibody.

In one embodiment the antibodies encoded by the eukaryotic cells of the eukaryotic
cell library differ in at least one amino acid residue in one of the CDRs of the
antibody. In one embodiment the CDR is the heavy chain CDR3.

The disclosare relales to One-aspeetas-reperted-herein-is-a eukaryotic cell library

comprising the vector library as reported herein.

In one embodiment the eukaryotic cells of the eukaryotic cell library express and

display a single antibody.

In one embodiment the eukaryotic cells of the eukaryotic cell library display a
single antibody.

In one embodiment the eukaryotic cell library is a population of eukaryotic cells
expressing a library of antibodies wherein the encoding nucleic acid is derived
from B-cells of an immunized animal. In one embodiment the B-cells are pre-

selected for their specificity towards the antigen of interest.

In one embodiment the eukaryotic cell library is a population of eukaryotic cells
wherein each cell comprises a first expression cassette encoding a full length
antibody that specifically binds to a first antigen and a second expression cassette

encoding a full length antibody that specifically binds to a second antigen.

In one embodiment the eukaryotic cell library is a population of eukaryotic cells
wherein each cell comprises a first expression cassette encoding a first full length
antibody light chain and a first full length antibody heavy chain binding to a first
antigen and a second expression cassette encoding a second full length antibody
light chain and a second full length antibody heavy chain that specifically binds to

a second antigen.
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In one embodiment the eukaryotic cell library is a population of eukaryotic cells
wherein each cell comprises an expression cassette encoding a first full Iength
antibody heavy chain that specifically binds to a first antigen and a second full
length antibody heavy chain that specifically binds to a second antigen, wherein the

eukaryotic cell expresses a common light chain.

In one embodiment the first full length antibody heavy chain comprises a hole

mutation and the second antibody heavy chain comprises a knob mutation.

In one embodiment the first full length antibody light chain comprises as constant
domain a CH1 domain and the first full length antibody heavy chain comprises as
first constant domain a CL domain, or the second full length antibody light chain
comprises as constant domain a CH! domain and the second full length antibody

heavy chain comprises as first constant domain a CL domain.

In one embodiment the expression vector library is obtained by randomization of
one or more amino acids residues in one or more CDRs of a parent expression

vector,

In one embodiment the expression vector library is obtained by combination of two
different half antibodies.

The disclosure relates o One-aspectasroported-hereinis-a method for the isolation

or selection of an antibody which specifically binds to one or more, especially two,
antigen(s) of interest.

It has been found that the screening method reported herein can be performed in a
"one antibody per cell" format, which is advantageous because it allows the screen

to be completed in one single round of selection.

Herein is reported a method of generating, selecting, and/or isolating a cell

expressing an antibody, which specifically binds to an antigen.

In one embodiment the antibody is a monoclonal full length antibody. In one

embodiment the antibody is a bispecific monoclonal full length antibody.

The methods as reported hereimn allow cloning the variable regions of the antibody
or the entire antibody from the selected cell.
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The disclosure relates 1o One-aspest-as-reparted-herehis-a method to recombinantly

produce antibodies selected with the method as reported herein.

In one embodiment the full length antibody comprises a constant region of human

origin, espectally of human IgG1, 1g(2, or IgG4 class.

The methods as reported herein allow to recombinantly produce antibodies with
desired specificity in a fully species specific form, especially as fully buman

antibodies.

The disclosure relates to Cne-aspect-as-repeorted-hercin-is-a method of selecting a cell

expressing an antibody which specifically binds to an antigen of interest comprising
the steps of

(a) optionally selecting from a population of B-cells a sub-population of B-cells
or a single B-cell or a clonal population of B-cells secreting an antibody that
specifically binds one or more antigens,

(b) generating a lentiviral expression library, wherein each member of the
lentiviral expression library encodes a variant of the antibody or the
antibodies that specifically bmds one or more antigens, by

(i} generating a multitude of DNA molecules, wherein the generating
comprises the step of amplifying a pool of DNA molecules from the
sub-population of B-cells or the step of generating a library of DNA
molecules from the DNA encoding a single antibody that specifically
binds to one or two antigens of interest by randomization of the
encoding nucleic acid sequence, and

(ii} cloning the multitude of DNA molecules into a lentiviral expression
vector comprising an EV71-IRES linked bicistronic expression cassette
for the expression of a full length antibody light chain and a full length
antibody heavy chain in a solubie as well as membrane bound form;

(c) transducing a population of eukaryotic cells with a population of lentiviral
virus particles each comprising a member of the lentiviral expression library;

(d) displaying antibodies encoded by the lentiviral expression library on the
surface of the eukarvotic mammalian cells; and

(e) isolating from the population of eukaryotic cells a cell, wherein the cell is
selected for the capability of the antibody displayed on its surface to
specifically bind the antigen or antigens of interest or a fragment or antigenic

determinant thereof.
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The disclosure relates to One-aspoet-asreported-herein-is-a method of selecting a

cell expressing a bispecific antibody (which specifically binds to two antigens of

interest) comprising the steps of

(a)

(b)

(c)

(d)

generating a lentiviral expression library, wherein each member of the
lentiviral expression library encodes a variant of the bispecific antibody,
by
(i) generating a multitude of DNA molecules from the DNA encoding a
single bispecific antibody by randomization of the encoding nucleic
acid sequence, and
(ii) cloning the multitude of DNA molecules into a lentiviral expression
vector comprising an EV71-IRES linked bicistronic expression
cassette for the expression of a full length bispecific antibody as
membrane bound form;
transducing a population of eukaryotic cells with a population of lentiviral
virus particles each comprising a member of the lentiviral expression
library;
displaying antibodies encoded by the lentiviral expression library on the
surface of the eukaryotic mammalian cells; and
isolating from the population of eukaryotic cells a cell, wherein the cell 1s
sclected for the capability of the antibody displayed on its surface to
specifically bind the antigens of interest or a fragment or antigenic
determinant thereof.

The use of a lentiviral expression library in combination with a lentiviral

expression vector comprising an EV71-IRES linked bicistronic expresston cassette

for the expression of a full length antibody light chain and a full length antibody

heavy chain in a soluble as well as membrane bound form allows for a high

screening efficiency.

In one embodiment the method comprises generating a multitude of DNA

molecules encoding antibodies, the generating a multitude of DNA molecules

comprising the steps of:

(1)

(2)

€)

amplifying from a sub-population of B-cells a first pool of DNA
molecules encoding heavy chain variable regions (HCVRs); and
amplifying from the sub-population of B-cells a second pool of DNA
molecules encoding light chain variable regions (LCVRs});

cloning a combination of the multitude of DNA molecule encoding
LCVRs and of the multitude of DNA molecules encoding HCVRs into a
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antibody light chain and a full length antibody heavy chain simultaneously

in a soluble as well as membrane bound form.

In one embodiment the method comprises the generating of a lentiviral expression
library, the generating comprising the steps of:

(i) generating a multitude of DNA molecules encoding antibodies that
specifically binds to one or two antigens, the generating comprising the
steps of:

(1) isolating mRNA from a single B-cell or a clonal population of
Bucells;

(2) transcribing the mRNA to cDNA;

(3) amplifying from the cDNA a first DNA molecule using a first
mixture of oligonucleotides comprising at least two oligonucleotides
capable of amplifying HCVR coding region; and

(4) amplifying from the cDNA a second DNA molecule using a second.
mixture of oligonucleotides comprising at least two oligonucleotides
capable of amplifying ECVR coding region;

(5) randomizing the first and/or the second DNA molecule and thereby
generating a first pool of DNA molecules and a second pool of DNA
molecules,

(i1} cloning a pair of DNA molecules of the first and the second pool of DNA
molecules into a lentiviral expression vector comprising an EV71-IRES
iinked bicistronic expression cassette for the expression of a full length
antibody light chain and a full length antibody heavy chain simultaneously

in a soluble as well as membrane bound form.

The disclosure relates toBne-sspect-pa-reperted-herein-is a method of selecting a

cell expressing a bispecific antibody (which specifically binds to two antigens of
interest) comprising the steps of
(a) generating a lentiviral expression library, wherein each member of the
lentiviral expression library encodes variants of the heavy chains of a
bispecific antibody, by
(1) generating a multitude of DNA molecules from the DNA encoding
the heavy chains of a single bispecific antibody by randomization of
the encoding nucleic acid sequence, and
(i} cloning the multitade of DNA molecules into a lentiviral expression
vector comprising an EV71-IRES linked bicistronic expression

cassette for the expression of the two heavy chains of the bispecific
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antibody, wherein the nucleic acid downstream of the EV71-IRES
encodes an antibody heavy chain with a C-terminal transmembrane
domain;

(b) transducing a population of eukaryotic cells expressing an antibody light
chain that can form an antigen binding site with any of the antibody heavy
chains with a population of lentiviral virus particles each comprising a -
member of the lentiviral expression library;

(c) displaying antibodies encoded by the lentiviral expression library on the
surface of the eukaryotic mammalian cells; and

(d) isolating from the population of eukaryotic cells a cell, wherein the cell is
selected for the capability of the antibody displayed on its surface to
specifically bind the antigens of interest or a fragment or antigenic
determinant thereof.

The disclosure relatcs to One-aspestas-reperted-herein-is-a lentiviral expression

vector for displaying a full length antibody on the surface of a eukaryotic cell.

In one embodiment the expression vector comprises DNA elements encoding a
signal peptide, an EV71-IRES, a transmembrane region and, optionally, a detection
iag.

In one embodiment the expression vector comprises a restriction site allowing the
cloning, especially the orientation specific cloning, of DNA molecules encoding a
full length antibody heavy chain and a full length antibody light chain into the

expression vector.

The disclosure relates to One-aspeet-as-veported—hereinis-an expression library

comprising the expression vector as reported herein.

The disclosure relates to One-aspect—as—veported—hersin—is—a eukaryotic cell

comprising the expression vector as reported herein or comprising at least one

member of the expression library as reported herein.

Monoclonal antibodies produced by the method as reported herein can be used for

research purposes, diagnostic purposes or the treatment of diseases.

In one embodiment the eukaryotic cell is a mammalian cell or a yeast cell. In one

embodiment the mammalian cell is 2 CHO cell or a HEK cell.
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The disclosure relates to Omne-aspeet-as-roported-heroinis-a method of selecting a

cell expressing an antibody comprising the steps of

(a) generating a population of eukaryotic cells by transduction with a
population of lentiviral virus particles, whereby each cell of the population
of cells displays a membrane-bound full length antibody which is encoded
by the lentiviral nucleic acid, and which specifically binds to one or more
antigens or one or more epitopes on the same antigen, and

(b) selecting from the population of eukaryotic cells a cell depending on the
properties of the displayed membrane-bound full length antibody,

whereby each lentiviral virus particle of the population of lentiviral viras

particles comprises a Dbicistronic expression cassette comprising the

EV71-IRES for the expression of the membrane-bound antibody.

In one embodiment each bicistronic expression cassette of the lentiviral virus
particle of the population of lentiviral virus particles encodes a different variant of
a parent antibody, which specifically binds to one or more antigens or one or more

epitopes on the same antigen.

in one embodiment the bicistronic expression cassettes comprises in 5°- to 37-
direction

- apromoter,

- a first nucleic acid encoding a full length antibody light chain,

- the EV71-IRES,

- asecond nucleic acid encoding a full length antibody heavy chain,

- aspliceable intron, and

- atransmembrane domain or a GPl-anchor.

In one embodiment each cell of the population of eukaryotic cells displays a
membrane-bound full length antibody and secretes a full length antibody.

In one embodiment each cell of the population of eukaryotic cells displays and

secretes a single full length antibody.

In one embodiment the antibody is a bispecific antibody.

The disclosure relates to Owre-aspectas-seported-herein-is-a lentiviral vector

comprising a bicistronic expression cassette, which comprises in 5°- to 37-direction
b
- apromoter,

- afirst nucleic acid encoding a full length antibody light chain,
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- the EV71-IRES,

- asecond nucleic acid encoding a full length antibody heavy chain,

- an alternatively spliceable intron for the simultaneous production of
membrane-bound antibody and a secreted antibody, and

- atransmembrane domain or a GPIl-anchor.

The disclosure relates to ©One-aspest-as-reported—herein—is—a lentiviral vector

comprising a bicistronic expression cassette, which comprises in 5'- to 3’-direction
- apromoter,
- afirst nucleic acid encoding a first full length antibody heavy chain,
- the EV71-IRES,
- a second nucleic acid encoding in 5°- to 3’-direction a second full length

antibody heavy chain and a transmembrane domain or a GPl-anchor.

The disclosure relafes toOne-aspect-as—reparied-hereir—s the use of a lentiviral
i

vector according to previous aspects for the generation of a population of

cukaryotic cells displaying and secreting or displaying a full length antibody.

One aspect as reported herein is a method of selecting a cell expressing a bispecific

antibody comprising the steps:

(a) generating a population of eukaryotic cells by transduction with a
population of lentiviral virus particles, whereby each of the lentiviral virus
particles comprises a bicistronic expression cassette, which comprises a
first heavy chain variable domain encoding nucleic acid in a hole- or
knob-locus, which is upstream of the EV71-IRES, and a second heavy
chain variable domain encoding nucleic acid in the respective other locus,
which is downstream of the EV71-IRES, whereby the first heavy chain
variable domain binds to a first antigen and the second variable domain
binds to a second antigen, whereby the first antigen and the second antigen
can be the same or different, whereby the eukaryotic cell expresses a
common light chain, whereby one or both of the heavy chains further

comprise a transmembrane domain at their C-terminus, and

(b) selecting from the population of eukaryotic cells a cell depending on the
properties of the displayed membrane-bound full length bispecific
antibody.
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In one embodiment the method comprises the step:
- performing a PCR of the complete first heavy chain encoding nucleic acid
and the variable domain of the second heavy chain encoding nucleic acid
(2.2 kbp) including the EV71-IRES and cloning into second shuttle vector
without transmembrane-domain with the removal of the transmembrane-
domain of the first heavy chain by restriction cutting and religation of the
vector.

One aspect ag reported herein s use of 2 cell selected with 3 method as defined

herein Tor the nroduchon of an antibody.

All embodiments as reported herein shall refer to all aspects of the invention and

may be combined in any possible combination.

Detaited Description of the Invention

Herein is reported a selection method using the expression of full length antibodies
in their natural environment, i.e. the secretory pathway of mammalian cells, that
ensures that all the cellular components normally involved in antibody synthesis
and processing (folding, disulfide bond formation, glycosylation etc.) are available

in a physiological form and concentration.
GENERAL ASPECTS

As known to a person skilled in the art enables the use of recombinant DNA
technology the production of numerous derivatives of a nucleic acid and/or
polypeptide. Such derivatives can, for example, be modified in one individual or
several positions by substitution, alteration, exchange, deletion, or insertion. The
modification or derivatization can, for example, be carried out by means of site
directed mutagenesis. Such modifications can easily be carried out by a person
skilled in the art (see e.g. Sambrook, J., et al., Molecular Cloning: A Laboratory
Manual, Cold Spring Harbor Laboratory Press, New York, USA (1999)). The use
of recombinant technology enables a person skilled in the art to transform various
host cells with heterologous nucleic acid(s). Although the transcription and
transiation, i.e. expression, machinery of different cells use the same elements, cells
belonging to different species may have among other things a different so-called
codon usage. Thereby identical polypeptides {with respect to amino acid sequence)
may be encoded by different nucleic acid(s). Also, due to the degeneracy of the

genetic code, different nucleic acids may encode the same polypeptide.
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20. The method according to any one of claims 1 to 19, characterized in that the
antibody is a humanized or human antibody, especially a human antibody.

21. A method of selecting a cell expressing an antibody comprising the steps of
(a) generating a population of eukaryotic cells by transduction with a

population of lentiviral virus particles, whereby each cell of the
population of cells displays a membrane-bound full length antibody,
whereof at least two chains are encoded by a bicistronic expression
cassette, and which specifically binds to one or more antigens or one or
more epitopes on the same antigen, and
(b} selecting from the population of eukaryotic cells a cell depending on the
properties of the displayed membrane-bound full length antibody,
whereby each lentiviral virus particle of the population of lentiviral virus
particles comprises a bicistronic expression cassette comprising the EV71-
IRES for the expression of the membrane-bound antibody.

22. The method according to claim 21, characterized in that each bicistronic
expression cassetie of the lentiviral virus particle of the population of
lentiviral virus particles encodes a different variant of a parent antibody,
which specifically binds to one or more antigens or one or more epitopes on
the same antigen.
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.The method according to asy-ene-claims 21 te-260r 22, characterized in that

each cell of the population of eukaryotic cells displays a membrane-bound
full iength antibody and secretes a full length antibody.

24 The method according to ssv-one-at-claims 21 2601 22, characterized in

that each cell of the population of eukaryotic cells displays and secretes a
single full length antibody.
The method according o any one claims 21 to 2824, characterized in that the

antibody specifically binds to an antigen.

. The method according to sev-ene-claims 21 or 2283, characterized in that

the antibody is a bivalent monospecific antibody.

27.The method according to as-ene-claims 21 te-or 22-sad-24 characterized in

that the antibody is a bivalent, bispecific antibody.

.The method according to ssv—eoune—claims 21 te—or 22—ard-28—fe—26,

characterized in that the antibody is a tetravalent, bispecific antibody.

. The method according to any one of claims 21 to 28-24 and 33217 to 2278,

characterized in that the antibody specifically binds to two different antigens

or to two epitopes on the same antigen.



10

15

20

25

30

35

- 133 -

3430. The method according to any one claims 3427 to 3329, characterized in that
the first full length antibody heavy chain comprises a hole mutation and the
second antibody heavy chain comprises a knob mutation.

3331, The method according to any one claims 33+-27 to 3430, characterized in that
the first full length antibody light chain comprises as constant domain a CH1

- domain and the first full length antibody heavy chain comprises as first
constant domain a CL. domain, or the second full length antibody light chain
comprises as constant domain a CH1 domain and the second full length
antibody heavy chain comprises as first constant domain a CL domain.

2637, The method according to any one of claims 21 to 2531, characterized in that
the full length antibody comprises a constant region of human origin,
especially of human lgG1i, 1gG2, or 1g(G4 class.

3733, The method according to any one of claims 21 to 3632, characterized in that
the eukarvotic cell is a mammalian cell or a veast cell.

2834, The method according fo any one of claims 21 to 3632, characterized in that
the mammalian cell 1s a CHO cell or a HEK cell.

3935, The method according to any one of claims 21 to 3834, characterized in that
the nucleic acid encoding an immunoglobulin heavy chain comprises all
exons and all but one intron of the genomically organized immunoglobulin
heavy chain gene.

4436, The method according to any one of claims 21 to 2835, characterized in that
the transmembrane domain is a fragment of a transmembrane domain or a
signal peptide for a GPl-anchor, whereby the fragment of the transmembrane
domain is encoded by a single exon.

4437, The method according to any one of claims 21 to 4036, characterized in that
the transmembrane domain an immunoglobulin fransmembrane domain
encoded by an M1-M2-exon-fusion of a single exon without the genomically
intervening intron.

4238, The method according to any one of claims 21 to 4437, characterized in that
the transmembrane domain 1s encoded by a cIINA.

4239, The method according to any one of claims 21 to 4238, characterized in that
the antibody is a humanized or human antibody, especially a human
antibody.

483, Use of a cell selected with a method according to anv one of claing | o 39

tor the production of an antibody.
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