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METHODS AND COMPOSITIONS FOR INDUCIBLE EXTRACELLULAR
MEMBRANE CAPTURE OF MONOCLONAL IMMUNOGLOBULINS

SECRETED BY HYBRIDOMAS

RELATED PATENT APPLICATIONS

This patent application claims the benefit of U.S. Provisional Patent
Application No. 62/476,599, filed March 24, 2017. This patent application claims the
benefit of U.S. Provisional Patent Application No. 62/526,608, filed June 29, 2017.
The entire content of the foregoing applications 1s incorporated herein by reference,

including all text, tables, drawings, and sequences.

DEPOSITED BIOLOGICAL MATERIAL

The following cell lines were deposited under the Budapest Treaty on the
International Recognition of the Deposit of Material for the Purposes of Patent
Procedure on March 24, 2017 with the American Type Culture Collection, 10801
University Boulevard, Manassas, Virginia, 20110, USA:

(a) Accession No. PTS-124063 - Cell line LCX (LCX 03.06.17), which 1s
a cell line which 1s derived from the K6H6/B5 cell line, through ectopic expression of
a human telomerase catalytic subunit and a constitutively active gp130 deletion
mutant cytokine receptor protein, as described herein; and

(b) Accession No. PTS-124062 — Fusion partner cell line LCX-BGS,
which 1s derived from the K6H6/B5 cell line, through ectopic expression of a human
telomerase catalytic subunit and a constitutively active gp130 deletion mutant
cytokine receptor protein, and which expresses on its surface the tandem scoff anchor

protein, BGS, as described herein.

INCORPORATION-BY-REFERENCE OF MATERIAL SUBMITTED IN
ELECTRONIC FORM

Applicant hereby incorporates by reference the Sequence Listing material filed
1n electronic form herewith. This file 1s labeled "MLH101PCT ST25.txt", prepared
March 20, 2018 and 1s of 15kB.
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BACKGROUND OF THE INVENTION

In hybridoma methods, B cells are fused to a fusion partner cell line, in order
to create stable, laboratory-adapted cell lines that secrete antibodies derived from the
B cells. This method has been used for decades to create high value mAbs that have
had enormous utility and commercial potential. Despite 1ts successes, 1t 1s important
to consider that B cells producing such high value antibodies are often represented at
very low frequency 1in an immune repertoire. Therefore, the hybridoma mAb cloning
procedure 1s generally undertaken with thousands or millions of cells, 1n order to
create polyclonal pools of cell lines that express a diversity of antibody structures.
The task then 1s to 1dentify which of those cells 1s secreting an antibody that has the
desired specificity.

In the current state of the art, hybridoma cells must be kept separately from
each other, to prevent cross contamination or cell overgrowth, while cell culture
supernatants containing the antibodies produced by each hybridoma are analyzed. In
order to be able to relate the findings of the antibody analysis to the cells that secreted
them, 1.e. 1f there 1s an antibody with desirable features and the objective 1s to 1dentify
the hybridoma that made 1t for sub-cloning and additional study, then supernatants
also need to be kept separately from each other. Methods for this typically involve
arranging the antibodies 1n an array format that reflects the arrays in which the
hybridomas are being maintained. As a result, a large number of 1rrelevant
hybridomas must be maintained 1n single or oligoclonal cultures while the antibodies
are analyzed. Only when a hybridoma can be 1dentified that secretes the antibody of
interest (at that point, a “monoclonal antibody”, or mAb) can the large number of
irrelevant hybridomas be abandoned.

In addition, any hybridoma that secretes an antibody of the desired binding
speciiicity must undergo additional steps of single cell cloning in order to 1dentify
progeny cell lines that stably maintain mAb secretion, which 1n 1tself requires the
maintenance of hundreds of individual cells as well as individual assessments of mAb
production.

These practical obstacles place severe limitations on the throughput of the
hybridoma process, as hybridomas need individual care and feeding, supernatants
must be obtained and analyzed individually (as well as replenished). As a result of

limitations on the numbers of hybridomas that can be analyzed, valuable but rare
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mAbs may be practically impossible to generate. Furthermore, the expense of
adapting hybridoma methods to high throughput can require substantial investments
1in robotics and automated liquid handling.

Further methods for the recombinant production of desirable proteins 1n yeast,

5 E coli, 293T cells, for example, require recombinant gene library construction and are
oenerally displayed as immunoglobulin (Ig) fragments. An existing mammalian Ig
cell display method that expresses full-length Igs on the surface of cells is described. !
However, the need to interpose a gene 1solation, cloning and expression step between
the 1solation of B cells from a mammalian host and the performance of assays to

10 assess the binding and functional characteristics of the Ig molecules expressed by
those B cells, and therefore to 1identify and 1solate mAbs with desired activities,
presents a substantial barrier to the generation of useful mAbs.

Hybridoma cells generated from B cells sometimes express Ig on their outer
plasma membrane, yet these levels are generally low, unpredictable, and inconstant.?

15  Methods to increase the amount of surface Ig expressed by hybridomas are known 1n
which a fusion partner cell line that expresses B-cell receptor components 1s used to
generate hybridoma cells that have enhanced surface Ig expression.” Yet, such
methods constitutively trap Ig on the hybridoma cell surface at fixed levels, and
therefore do not enable control of the timing and extent of Ig adherence the cell

20  surface.

Association of Ig with hybridoma cells has been achieved by a variety of
1solation methods, for example, Gel Microdrop (GMD) and Affinity Capture Surface
Display (ACSD) methods.* In GMD methods, hybridoma cells are individually
encapsulated 1n gel microdroplets that capture secreted Ig. In ASCD, hybridoma cells

25  are labeled with biotin, which 1s used to adhere to the cell either an avidin-labeled
capture antibody or an avidin bridge bound to a biotinylated capture antibody, which
in turn can capture the secreted Ig. These methods require specialized equipment for
processing and analysis, as well as multiple cell/droplet incubation and washing steps
that add time and expense to the analysis. These methods also require exposing the

30 cells to stressful conditions and toxic reagents that may compromuse cell viability and
experimental yields.

Military, medical and other personnel who risk exposure to unfamiliar or

unknown pathogens are frequently vulnerable to emerging and epidemic viral
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1llnesses, and few anti-viral therapies are available to protect them from exposure. A
critical obstacle to an effective anti-viral strategy 1s that 1t 1s hard to predict which
viruses will be encountered. Another 1s that drug development can require years, once
the pathogen has been identified’’. Methods and compositions are needed to permit
generation of new anti-viral drugs at a pace that allows real-time protection (1.e.,
counted 1n weeks, rather than years) of such personnel upon exposure to a new viral
threat 1n the field. Patients who survive a viral infection produce antibodies that have
potent and specific anti-viral activities’**>. These antibodies can be isolated as mAbs
that can protect others exposed to the same pathogen, and are likely to be safe as
drugs because of their fully human origin. But, most human mAb discovery methods
require 1solation and expression of antibody genes, a labor-intensive, technical
process that requires substantial expertise and infrastructure’®. Furthermore,
conventional mAb discovery requires that viral antigens be fully characterized and
adapted to virus-specific mAb binding assays. Thus, anti-viral mAb projects start with
transporting patient blood and viral antigens out of the relevant field and into a non-
epidemic area. This presents substantial practical, institutional, and regulatory
barriers, which must be overcome before mAb discovery can even begin.
Streamlined, efficient models of human mAb discovery are necessary that can
overcome these obstacles and enable real-time discovery of therapeutic anti-viral
mADbS.

The limitations on the rapid screening and obtaining of new mAbs and
hybridomas also impacts recombinant production of proteins. Thus, compositions and
methods are needed for more efficient 1dentification of cells and their secreted

proteins for diagnostic, therapeutic and research applications.

SUMMARY OF THE INVENTION

In one aspect, a composition comprises a nucleic acid molecule encoding an
Anchor 1n operative association with regulatory sequences that direct expression of
the Anchor on the surface of a cell containing the nucleic acid molecule. The Anchor
1s designed to form a first complex with a selected Linker. The Linker 1s designed to
form a second complex with a target protein that 1s not recognized by the Anchor.

In another aspect, a recombinant vector 1s provided that comprises nucleic acid

molecules as described herein.
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In still a further aspect, a cell 1s provided having expressed on 1ts outer plasma
membrane surface an Anchor designed to form a first complex with a selected Linker.
The Linker 1s designed to form a second complex with a target protein that 1s not
recognized by the Anchor. This cell enables the target protein to be adhered to the
cells upon secretion and binding to the Anchor-Linker complex. In certain
embodiments, the cell may be a primary cell, a B lineage cell or an immortalized cell.
The cell may further contain a nucleic acid molecule or vector as described herein.

In another aspect, a recombinant mammalian cell that expresses and secretes a
selected target protein 1s characterized by having expressed on its outer plasma
membrane surface an Anchor designed to form a first complex with a selected Linker.
However, the Anchor 1s also designed so that 1t does not recognize, bind or form an
complex with the target protein. The Linker 1s designed to form a second complex
with the secreted target protein. This cell enables the target protein to be adhered to
the cells upon secretion and binding to the Anchor-Linker complex.

In still another aspect, a hybridoma cell comprises anchored on 1ts outer
plasma membrane an Anchor designed to form a first complex with a selected Linker.
The Linker 1s designed to form a second complex with a monoclonal antibody
secreted by the cell, which monoclonal antibody 1s not recognized by the Anchor.
This hybridoma cell enables 1ts secreted monoclonal antibody to be adhered to the cell
upon secretion and binding to the Anchor-Linker complex.

In yet another aspect, a method of making a cell comprises stably delivering to
a selected cell a nucleic acid molecule or vector as described herein.

In a further aspect, a method of making a hybridoma cell comprises fusing a B
lineage cell with an immortalized cell having expressed on 1ts outer plasma membrane
surface an Anchor designed to form an complex with a selected Linker. The Linker
1s designed to bind the antibody secreted by the B cell or a cell derived from a B cell,
which antibody 1s not recognized by the Anchor.

In another aspect, a method of detecting or measuring a characteristic of a
target protein, e.g., an antibody or a monoclonal antibody, secreted by a cell employs
the nucleic acid molecules, vectors and cells described herein. A population of cells
1s provided wherein each cell of the population has expressed on 1ts outer plasma
membrane surface an Anchor designed to form a first complex with a Linker. The

population 1s contacted with the Linker which 1s also designed to form a second
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complex with a target protein that 1s not recognized by the Anchor. The contacting
step permits the Linker to adhere to the outer plasma membrane of the cells by
binding 1n the first complex with the Anchor. These resulting cells are maintained in
the presence of the Linker under conditions in which the cells secrete the target
protein and the target protein binds to the cell-adhered Anchor-Linker first complex
via formation a second complex with the Linker, thereby anchoring the target protein
to the cell. Thereafter, certain characteristics of the target protein bound to the cell
can be evaluated.

In still other aspects, a method 1s described for inducibly capturing a secreted
mADb, 1n the form of an immune complex anchored by an Ig specific for the secreted
mADb that 1s 1tself anchored to the surface of the hybridoma cell by a heterologous Ig
moiety, on the surface of the cell that secretes 1t.

In another aspect, a method for 1dentifying a monoclonal antibody that binds
to a viral antigen comprises providing a population of hybridoma cells, each
hybridoma cell comprising anchored on 1ts outer plasma membrane an Anchor
designed to form a first complex with a selected Linker; the Linker designed to form a
second complex with a monoclonal antibody secreted by the cell, which monoclonal
antibody 1s not recognized by the Anchor. The population 1s contacted with a
multivalent Viral Antigen for a time sufficient for said viral antigen to bind to the
cell-bound Anchor-Linker-mAb complex, resulting 1n a cell-bound Anchor-Linker-
mADb-Viral Antigen complex. Additional immunoglobulins (Ig) secreted by the cell
population are allowed to bind to other binding sites on the bound multivalent Viral
Antigen, thereby forming a detectable immune complex of Anchor-Linker-mAb-Viral
Anftigen-Ig, which 1s structurally and functionally distinct from an immune complex
that forms 1n the absence of a multivalent Viral Antigen. Cells having bound thereto
the Anchor-Linker-mAb-Viral Antigen-Ig complex are then 1dentified based upon
s1ze, conformation, composition, and/or position or location of said complex on the
cell surface.

Other aspects and variations of these compositions and methods are described

further 1n the following detailed description of the preferred embodiments thereof.

BRIEF DESCRIPTION OF THE DRAWINGS
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FIG. 1 1s a schematic graph showing the gene map of a membrane Anchor
comprising tandem murine anti-rabbit scFv linked by Gly-Ser linking amino acids
(spacers), a PDGF receptor (PDGFR) transmembrane (TM) domain, a Myc tag and a
leader sequence as described in Example 1.

FIG. 2A and 2B are graphs of flow cytometry demonstrating that tandem
murine SCFv (which 1s an example of a B-cell Globulin Scatfold or BGS) was
observed on the surface of the B5-6T and LCX fusion partner cell lines as described
in Example 3. FIG. 2A shows that B5-6T cells after transfection successfully express
the tandem murine scFv (BGS) on the cell surface. FIG. 2B shows that LCX cells
after transfection successfully express the tandem murine scFv (BGS) on the cell
surface.

FIG. 3A and 3B are graphs of flow cytometry showing that the tandem murine
scFv (BGS) mediates binding of rabbit IgG (RAH, Linker) to B5-6T and LCX fusion
partner cell lines as described in Example 3. FIG. 3A shows that B5-6T BGS fusion
partner cells bind to rabbit IgG, whereas the B5-6T cells do not. FIG. 3B shows that
LCX BGS fusion partner cells bind to rabbit IgG, whereas the LCX cells do not.

FIG. 4A and 4B are graphs of flow cytometry showing that fusion partner cell
lines that are bound to rabbit Igs specific for human Ig (RAH, Linker) bind to
polyclonal human IgG (hlgG, target protein). FIG. 4A shows that B5-6T BGS fusion
partner cells bound to RAH bind to human IgG. FIG. 4B shows that LCX BGS fusion
partner cells bound to RAH bind to human IgG.

FIG. 5A and 5B are graphs of flow cytometry showing that the binding of
human Ig to the B5-6T BGS and LCX BGS fusion partner cell lines depends on the
presence of rabbit Igs specific for human Ig (RAH, Linker). FIG. 5A shows that B5-
6T BGS fusion partner cells bind to human IgG (target protein) only in the presence
of RAH (Linker) and not when RAH not present. FIG. 5B shows that LCX BGS
fusion partner cells bind to human IgG (target protein) only 1n the presence of RAH
(Linker) and not when RAH not present.

FIG. 6A and 6B are graphs of flow cytometry showing that the tandem murine
scFv (BGS) 1s required for RAH-mediated capture of human IgG by fusion partner
cells. FIG. 6A shows that B5-6T BGS cells capture human IgG 1n the presence of
RAH, whereas B5-6T cells do not. FIG.6B shows that LCX BGS cells capture human
IoG 1n the presence of RAH, whereas LCX cells do not.
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FIG. 7A and 7B are graphs of flow cytometry showing that B5-6T BGS cells
in the presence of RAH capture human IgG mAbs, A12 (FIG. 7A) and 1B8 (FIG. 7B),
as target proteins.

FIG. 8A and 8B are graphs of flow cytometry demonstrating that B5-6T BGS
and LCX BGS cells complexed with a BoNT-specific mAb (as a target protein) bind
to a biotinylated BoNT antigen, but not to a biotinylated rabies virus glycoprotein
(RABV GP). FIG. 8A shows that B5-6T BGS fusion partner cells bound to the 6A
human mAb via RAH as a Linker capture BoONT antigen but not RABV antigen. FIG.
8B shows that LCX BGS fusion partner cells bound to the 6A human mAb via RAH
as a Linker capture BoNT antigen but not RABV GP.

FIG. 9A and 9B are graphs of flow cytometry demonstrating expression of
tandem murine scFv (BGS) on the surface of the 8C5 (FIG. 9A) and 9H2 (FIG.9B)
hybridomas, which secrete human IgG, as described in Example 4.

FIG. 10A and 10B are graphs of flow cytometry showing that tandem murine
scFv (BGS) mediates binding of rabbit IgG (Linker) to mAb secreting hybridomas
8C5 (FIG.10A) and 9H2 (FIG. 10B) respectively as described in Example 4.

FIG. 11A and 11B are graphs of flow cytometry showing that the expression
of tandem murine scFv (BGS), 1n the presence of RAH as Linker, increases adherence
of human IgG (target protein) to mAb secreting hybridomas 8C5 (FIG. 11A) and 9H2
(FIG. 11B).

FIG. 12A and 12B are graphs of flow cytometry showing that RAH enhances
capture of secreted human IgG (target protein) by hybridoma cell lines that express
the tandem murine scFv (BGS). FIG. 12A shows that RAH as a Linker enhances
capture of secreted monoclonal human IgG by 8C5 secreting hybridomas. FIG. 12B
shows that RAH as a Linker enhances capture of secreted monoclonal human IgG by
OH2 secreting hybridomas.

FIG. 13 1s a graph of flow cytometry demonstrating the 8C5 BGS hybridoma
incubated 1n the presence of RAH binds to the RABV GP significantly better than
does the 8C5 hybridoma. In addition, the B5-6T BGS fusion partner cell line does not
bind RABV GP, as described in Example 4.

FIG. 14 1s a RT-PCR gel result showing that LCX cells express hTERT.
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FIG. 15 1s a graph of flow cytometry demonstrating surface expression of the
constitutively active gp130 AYY mutant protein by LCX cells as described 1n
Example 2.

FIG. 16 1s a graph of flow cytometry demonstrating surface expression of the
constitutively active gp130 AYY mutant protein by LCX BGS cells, which express
the tandem murine scFv (BGS).

FI1Gs. 17A through 17D are fluorescence photomicrographs of two examples
of hybridoma cells lines: the 8C5 BGS hybridoma cell line and the B5-6T BGS
hybridoma cell line, each incubated with an excess of RAH Ig Linker, biotinylated
RABYV GP, and Alexa 488 labeled streptavidin and then fixed with paraformaldehyde
and stained with DAPI. FIG. 17A 1s an image of 8C5 BGS, stained with Alexa 488
(RABV). Many of the cells in the image have on their surface an immune complex
that incorporates the Alexa 488-labeled RABV GP. Examination of the intensity and
pattern of RABV GP staining on the 8C5 BGS cells reveals that the cells have
different levels of signal, and that even many cells that are adjacent to each other have
different levels of signal. FIG. 17B 1s an image of 8C5 BGS, stained with Alexa 488
and merged with the blue DAPI (nuclear) stained image. FIG. 17C 1s an image of B5-
6T BGS stained with Alexa 488 (RABV). FIG. 17D 1s an image of B5-6T BGS,
stained with Alexa 488 and merged with the blue DAPI stained image. Many of the
8C5 BGS cells show a fluorescent signal indicating the adherence of the RABV GP,
whereas the B5-6T BGS cells do not. This correlates with the fact that the 8C5 BGS
cells are secreting a mAb specific for RABV GP, whereas the B5-6T BGS cells are
not secreting any mAb. This corroborates the flow cytometry data, indicating the
presence of the three immune complex components formed on the surface of the cell
and that mAb complex containing an antibody can be analyzed for 1ts antigen-binding
specificity, which 1s information that in turn can be cross-referenced with the cell that
secretes 1.

FIG. 18A through 18C are three series of fluorescence photomicrographs.
FIG. 18A shows B5-6T stained with DAPI (left panel); the cells cultured with RAH
and an Alexa 488-labeled goat anti-rabbit IgG secondary antibody (middle panel); and
the two 1mages merged (right panel). FIG. 18B shows B5-6T BGS stained with DAPI
(left panel); the cells cultured with RAH and an Alexa 488-labeled goat anti-rabbit
IoG secondary antibody (middle panel); and the two 1mages merged (right panel).
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FIG. 18C shows 8C5 BGS stained with DAPI (left panel); the cells cultured with
RAH and an Alexa 488-labeled goat anti-rabbit IgG secondary antibody (muddle
panel); and the two 1mages merged (right panel). This experiment was done to
determine whether there are differences in the amount of functional Anchor protein
expression by the cell lines, as indicated by 1ts ability to bind RAH. The amount and
distribution of the Alexa 488 label on the B5-6T BGS cells 1s essentially the same on
every cell, demonstrating consistent expression of functional RAH on these cells. This
result that 1s consistent with the flow cytometry data that demonstrates homogeneity
of Anchor expression on the B5-6T BGS cell line. The distribution of the RAH on
the surface of the 8C5 BGS cell lines shows how the presence of human IgG (secreted
by the 8C5 BGS cells) can induce the formation of a RAH-containing immune
complex on the surface of the cells that 1s structurally distinct from what forms in the
absence of the human mAb (target).

FIG. 19 1s a schematic depicting a universal anti-viral mAb assay platform
and discovery method. Virus binding 1s detected by the formation of tell-tale immune
complexes on the hybridoma cell surface. Hybridoma cells express the BGS Anchor
(1n the schematic labeled as “OCMS Tandem scFv”) and can be visualized with red
fluorescent signal via conventional methods under a microscope, e.g., as described 1n
Examples 4 to 7), which binds to a monovalent rabbit FAb (labelled as FADb 1n the
schematic). Human IgG (labelled as h-mAb 1n the schematic can be visualized with
oreen fluorescent signal under microscope, e.g., as described in Example 14) secreted
by the hybridoma 1s captured by the Linker, in this case, 1t 1s a monovalent linker,
such as rabbit FAb. Because the Linker depicted in this schematic 1s monovalent,
immune complexes contamning multiple h-mAbs will not form, unless a multivalent
antigen 1s present. If the mAb 1s able to bind virus particles, then one of events occur.
In one embodiment, the virions nucleate the formation of large immune complexes
(CAP-LIKE complex). In another embodiment, mAbs bind the virions at sites
separated from the plasma membrane by the virion (~30 nm) (LAYERED complex).
This 1s a distance over which, for example, red and green fluorescent signals will not
fuse to give a yellow signal, 1f the mAbs are labeled.

FIG. 20 shows 4 panels illustrating the universal anti-viral human mAb
discovery method described herein and 1n more detail in Example 16. CAP-LIKE

immune complex formation demonstrates anti-viral mAb expression. These OCMS
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hybridomas were incubated overnight with the rabbit anti-human Ig FAb, and either
type 3 poliovirus (PV; left upper panel shows results with hybridoma cell line 4G4
BGS: left lower panels shows results with hybridoma cell line 8C5 BGS) or rabies
virus glycoprotein (right upper panel shows results with 4G4 BGS; right lower panel
shows results with 8C5 BGS). Hybridoma 4G4 BGS produces a human mAb that 1s
specific for PV. Hybridoma 8C5 BGS produces a human mAb that binds rabies GP.
The virus particles nucleate the formation of CAP-LIKE immune complexes on the
cell surface, which are detected with FITC-labeled anti-human IgG secondary
antibodies. In the absence of virus binding, cells display IgG spots evenly distributed
over the cell membrane. The 4G4 BGS hybridoma forms a CAP-LIKE immune
complex 1n the presence of PV, but not RABV GP. The 8C5 BGS hybridoma forms a
CAP-LIKE immune complex 1n the presence of RABV GP, but not PV.

FIG. 21A provides a graph of flow cytometry showing that the binding of
human Ig to the 293T OCMS cells depends on the presence of rabbit Igs specific for
human Ig (RAH, Linker). The 293T OCMS cell line 1s a 293T cell line that expresses
the BGS Anchor protein, in which OCMS 1s an acronym for On-Cell mAb Screening,
and 1s also named 293T BGS. The 293T OCMS cells bind to human IgG only in the
presence of RAH (Linker) and not when RAH 1s not present. The leftmost curve 1s
293T OCMS without rabbit anti-human antibody (RAH). The rightmost curve 1s
293T OCMS with RAH. FIG. 21B provides a graph of flow cytometry showing that
the 293T OCMS cells that are bound to rabbit Igs specific for human Ig (RAH,
Linker) bind to polyclonal human IgG. The leftmost curve 1s 293-OCMS without
human IgG. The rightmost curve 1s 293T OCMS with human IgG.

FIG. 22A shows four panels of 293T OCMS transient transfection of human
[gG genes (anti-PV mAb A12), following culture 1n the presence of the RAH linker,
and assessed for binding of human IgG. The top left panel shows 293T BGS
transfected and labeled with Alexa Fluor IgGG. The lower left panel shows 293 T BGS
untransfected and labeled with Alexa Fluor IgG. The top right panel shows 293T
BGS transfected and merged with DAPI images. The lower left panel shows 293T
BGS untransfected and merged with DAPI images.

FIG. 22B shows a graph showing that transfected 293T BGS cells are
successful 1in detecting PV. Briefly, the 293T BGS cells transfected or untransfected
with human IgG gene expressing anti-PV mAb A12 were incubated with biotinylated
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PV type I. Such binding with PV type I was assessed and the result 1s plotted. As seen
in FIG. 22B, the 293T BGS transfected was detected as the rightmost curve extended
to a lower peak on the left, while the untransfected 293T BGS cells were detected as
the higher leftmost curve.

FIG. 23 A provides a graph of flow cytometry showing a population of
hybridomas highly enriched for expression of human IgG, defined as a Stabilized
Hybridoma Expression Library (SHEL). Briefly, FACS sorting was performed for
the selection. A population of hybridomas produced by fusion of the LCX-BGS cells
with primary human B cells was subjected to a positive selection for those expressing
human IgG by the following method: they were first washed and incubated overnight
with excess of Linker, Rabbit F(ab’)> fragment anti-human IgG (H+L) (Southern
biotech Cat. No 6000-01) 1n culture medium. The cells were then washed twice with
1% PBS-BSA, mixed with biotinylated protein A (SigmaAldrich Cat. No 2165) and
incubated on 1ce. After one hour, the cells were washed with 1% PBS-BS A and then
nmixed with Alexa Flour 488 conjugated streptavidin (Jackson Immuno Research Cat
No0.016-540-084) and incubated on 1ce for 45 min, then washed again. The
population of cells expressing human IgG was then 1solated by FACS on the BD
FACSAnall. This positive selection was repeated 2 more times, after which the
population of cells was highly enriched for human IgG-expressing cells, as shown by
flow cytometry result plotted. This polyclonal population of cells which 1s positively
selected for those that express IgG and demonstrates stabilization of IgG expression,
1s a human IgG SHEL population.

FIG. 23B provides a graph of flow cytometry showing highly enriched human
[gA-expressing cells. Briefly, similar to the experiment depicted in FIG. 23A, a
population of hybridomas produced by fusion of the LCX-BGS cells with primary
human B cells was subjected to a positive selection for those expressing human IgA.
This positive selection was repeated 2 more times, after which the population of cells
was highly enriched for human IgA-expressing cells, as shown by flow cytometry
result plotted. This polyclonal population of cells positively selected for those that
express 1gG, and demonstrates stabilization of 1gG expression over, 1s a human IgA
SHEL population.

FIG. 24 shows 9 microscopy panels illustrating binding of type III PV to
OCMS hybridomas secreting human anti-PV IgG mAbs as described in Example 16.

12
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FIG. 25 illustrates 9 black and white flow cytometry histograms showing flow
cytometry analysis of type III PV binding OCMS hybridoma secreting ant1-PV IgG
mADbs as described in Example 16.

FIG. 26 shows flow cytometry graphs assessing tandem scFv and human IgG

expression by hybridoma expressing anti-PV mAbs, as described in Example 16.

DETAILED DESCRIPTION

The compositions and methods described herein provide for methods and
compositions useful in the rapid screening and obtaining of new monoclonal
antibodies (mAbs) and hybridomas, as well as the recombinant production of proteins.
These compositions and methods permit more efficient 1dentification of cells and their
secreted proteins for diagnostic, therapeutic and research applications.

Disclosed herein are nucleic acid constructs and molecules, vectors of various
types carrying the nucleic acid constructs or molecules, cells, cell lines, and methods
that confer a variety of advantages on the production and 1dentification of hybridoma
cells and their secreted monoclonal antibodies. The compositions and methods
eliminate the need to culture hybridomas individually, and reduce the barriers to
maintaining and screening large numbers of cells. These compositions and methods
enable the discovery of rare antibodies, while accelerating the rate of the mAb cloning
process to 1solate and characterize those with desirable characteristics. In addition,
the methods and compositions reduce personnel and infrastructure costs. Further
advantages of the methods and compositions described 1n detail herein include
providing an extracellular mAb display for Ig screening, and enabling high throughput
screening of polyclonal hybridoma populations by antigen-driven sorting methods
(i.e., the mAD 1s physically associated with the cell that makes 1t). These methods and
compositions are useful for phage display, yeast display, and mammalian display,
which require recombinant mAb expression. These methods and compositions are
useful to streamline hybridoma subcloning methods for optimizing Ig expression and
stability and facilitating the 1dentification of mAbs with rare binding specificities.

In one aspect, a method for human anti-viral mAb discovery as described
herein 1s referred to as On-Cell mAb Screening (OCMS™). As described 1n greater
detail herein, in one embodiment, the OCMS method 1s a hybridoma method. In

conventional hybridoma methods, human B cells (which make the antibodies
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generated 1n response to e.g., a viral infection) are fused to fusion partner cells, which
creates hybridoma cells that can grow 1n the laboratory. Each hybridoma secretes a
single monoclonal antibody (mAb)?’. Conventional mAb discovery requires testing
thousands to millions of cells to find the one that makes the perfect mAb. In contrast,
5 1nthe OCMS method, secreted mAbs are specifically adhered to the surfaces of the
cells that produce the mAbs. Thus cells (e.g., hybridoma cells) that produce anti-viral
antigen-specific mAbs can be 1dentified and screened easily, ssmply by adding virus
or viral antigens, because the mAbs on their surface will capture the virus. This
streamlined work flow, from a subject’s B cells to mAb screening and clone 1solation,
10 does not require gene cloning and expression, 1.e., individual culture of each
hybridoma cell generated and functional screening thereof. In one embodiment, the
OCMS method can produce validated human mAbs 1n 6-8 weeks. This results 1n part
from the fact that OCMS hybridomas are genetically stabilized for mAb secretion®”.
In another embodiment, the OCMS cells may be engineered for use 1n screening their
15  mAbs for viral neutralization, in addition to virus binding. Using the OCMS method.,
the inventors have cloned human mAbs specific for poliovirus (PV) and the human
NMDA receptor.
In another embodiment, the OCMS method 1s useful to discover mAbs using
whole, unlabeled virus. As described 1n detail below, the OCMS method was used to
20  create a universal assay for anti-viral mAb discovery. See Example 16 below.
Briefly described, when hybridomas expressing anti-viral mAbs come into contact
with the virus, tell-tale immune complexes form on the surface of the hybridomas.
These complexes can be detected for high-throughput screening using High-Content
Imaging (essentially, confocal microscopy accompanied by powerful image analysis
25  software). Other conventional methods, e.g., flow cytometry, cell sorting, might also
be used to detect these complexes and to enrich the mAb-expressing hybridoma.
In still other embodiments as described below, OCMS method may be used in
recombinant cells that are not hybridomas.
Still other methods and compositions are described 1n detail below.
30
I Components and Definitions Used in the Compositions and Methods
In the descriptions of the compositions and methods discussed herein, the

various components can be defined by use of technical and scientific terms having the
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same meaning as commonly understood by one of ordinary skill in the art to which
this invention belongs and by reference to published texts. Such texts provide one
skilled 1in the art with a general guide to many of the terms used 1n the present
application. The definitions contained 1n this specification are provided for clarity in
describing the components and compositions herein and are not intended to linut the
claamed 1invention.

As used herein, the term “Anchor™ refers to a protein sequence (or nucleic acid
sequence encoding same) that comprises: (a) an extracellular region polypeptide
which binds to, and forms a complex with, the Linker; (b) an optional polypeptide tag:
and (¢) a transmembrane amino acid sequence derived from an integral membrane
protein. In still a more specific embodiment, the Anchor 1s encoded by the nucleic
acid sequence of SEQ ID NO: 1.

In one embodiment of an Anchor, an “extracellular region polypeptide™ 1s a
single chain antibody variable region (scFv) that 1s able to specifically recognized and
bind to a sequence on a Linker. In another embodiment, an extracellular region
polypeptide 1s a tandem scFv formed of from 2, 3, 4, 5, or up to 6 or more scFvs,
which may be separated from each other by a suitable “spacer” polypeptide, in which
each scFv 1s designed to bind to a sequence on a Linker. In still another embodiment,
an “extracellular region polypeptide” 1s a Fab having one or two free Fv regions
when the Fab 1s expressed on the cell surface. In yet another embodiment, an
“extracellular region polypeptide™ 1s an antibody with one or two free Fv regions
when expressed on the cell surface. In another embodiment, the extracellular region
polypeptide of the Anchor 1s a single domain antibody. In another embodiment, the
extracellular region polypeptide of the Anchor 1s a camelid antibody. In still another
embodiment, the extracellular region polypeptide of the Anchor 1s an aptamer. In a
specific embodiment, the extracellular domain polypeptide of the Anchor comprises
alternating heavy chain Fv and light chain Fv sequences of each scFv, and “spacers”
interposed between each chain. In another specific embodiment, the extracellular
domain of the Anchor comprises alternating heavy chain Fv and light chain Fv
sequences of each scFv, suitable spacers interposed between each chain.

By “polypeptide tag” 1s generally meant a short amino acid sequence
incorporated into a heterologous polypeptide sequence that facilitates the

1dentification and/or purification of the polypeptide sequence to which 1t 1s attached.
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A polypeptide tag 1s an optional component of the Anchor. In one example, a useful
polypeptide tag for the Anchor 1s a Myc tag. In another example, a polypeptide tag 1s
a FLAG Tag. In another embodiment, a polypeptide tag 1s a NE Tag. In still another
embodiment, a polypeptide tag 1s a HA-Tag. In still another example, a polypeptide
tag 1s a His or poly-His Tag. Other suitable tags include without limitation, a His Tag
or poly-His tag, or a tobacco etch virus (TEV) protease recognition site. Still other
suitable polypeptide tags may be used 1in the compositions and methods described
herein.

By "cleavage tag" 1s generally meant a short amino acid sequence incorporated
into a heterologous polypeptide sequence that allows the polypeptide to be cleaved at
that site by an enzymatic or other mechanism. In one example, a useful cleavage tag 1s
the 3C PreScission protease or PSP cleavage tag. In another example, a tag 1s an EKT
(Enterokinase) cleavage tag. In another embodiment, a tag 1s a FXa (Factor Xa)
cleavage tag. In still another embodiment, a tag 1s a TEV (tobacco echovirus)
cleavage tag. In still another example, a tag 1s a thrombin cleavage tag. Still other
suitable cleavage tags may be used 1n the compositions and methods described herein.

Another component of the Anchor 1s a transmembrane amino acid sequence
derived from an integral membrane protein. An integral membrane protein generally
has one or more segments that are embedded 1n the phospholipid bilayer of the cell.
Most integral proteins contain residues with hydrophobic side chains that interact with
fatty acyl groups of the membrane phospholipids, thus anchoring the protein to the
membrane. Most integral proteins span the entire phospholipid bilayer.

The transmembrane spanning domains of these integral membrane proteins, which are
from four to several hundred residues long, extend into the aqueous medium on each
side of the bilayer. The membrane-spanning domains are o helices or multiple 3
strands. Examples of useful transmembrane proteins are selected domains from the
integral membrane proteins that include, without limitation, type I transmembrane
receptor molecules, such as platelet derived growth factor receptor (PDGF-R),
epidermal growth factor receptor (EGF-R), integrins, insulin receptor, vascular
endothelial growth factor receptor (VEGF-R) or other integral proteins.>® As an
explicit example, <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>