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DESCRIPTION

[0001] This application claims the benefit of U.S. Provisional Patent Application Ser. No. 60/801,412 filed May 19, 2006.

FIELD OF INVENTION

[0002] The present invention relates to culture methods for obtaining a clonal population of antigen-specific cells.

BACKGROUND OF THE INVENTION

[0003] Methods for culturing and identifying B cells that produce antibodies specific to a desired antigen are well known in the
art. Such B cells are useful for the recovery of antigen-specific antibodies and for the recovery of nucleic acid sequences
encoding such antibodies. Such B cells can also be used in antigen-specific functional assays.

[0004] Antibodies are used by the immune system to identify foreign antigens such as toxins, bacteria, and viruses. Each
antibody binds to a specific epitope of the antigen. The antibody's ability to recognize and bind to a specific epitope makes the
antibody a useful therapeutic and diagnostic tool. In addition to their immunological role, antibodies can be produced to recognize
virtually any substance, including other proteins, such as growth factors, hormones, and enzymes.

[0005] Methods of producing monoclonal antibodies include somatic cell hybridization whereby an animal is immunized with an
antigen to induce an immunological response, the animal's B cells are harvested and fused to an immortal cell line to form
hybridomas, and the hybridomas are screened to identify a clone with antigen specificity. But the low frequency of antigen-specific
B cells makes it difficult to isolate an antigen-specific clone. The frequency of desirable candidates is further reduced when
seeking antigen-specific B cells that also exhibit a particular epitope specificity or functional activity.

[0006] Additionally, monoclonal antibodies can be produced by cloning antibody-encoding nucleic acid sequences from a B cell
that produces a monoclonal antibody specific to a desired antigen, and expressing these nucleic acid sequences or modified
sequences derived therefrom in a suitable recombinant expression system such a mammalian cells or bacterial expression
systems. Such methods are preferred over hybridoma techniques as they allow for production of a limitless supply of monoclonal
antibodies having a desired antigen specificity while also allowing for such antibody sequences to be modified such as by
humanization or chimerisation.

[0007] The present invention provides culture methods for isolating a clonal population of antigen-specific cells. A clonal
population of B cells is potentially useful in B cell functional assays as well as for the recovery of antigen-specific monoclonal
antibodies and for the recovery nucleic acid sequences that encode such antibodies.

[0008] Simonsson Lagerkvist et al disclose a procedure for the generation of human antibody fragments directly from single B
cells or B-cell clones (Biotechniques, Vol. 18, No. 5 (1995)).

[0009] De Wildt et al disclose the isolation and characterization of single anti-U1A-specific B cells from autoimmune patients
(Annals of the New York Academy of Sciences, Vol. 815, pages 440-442 (1997)).

[0010] Dohmen et al disclose the production of recombinant Ig molecules from antigen-selected single B cells and restricted
usage of Ig-gene segments by anti-D antibodies (Journal of Immunological Methods, Vol. 298, pages 9-20 (2005)).

BRIEF DESCRIPTION OF THE FIGURES

[0011]

Fig. 1 shows that a variety of unique epitopes were recognized by the collection of anti-IL-6 antibodies prepared by the antibody
selection protocol. Epitope variability was confirmed by antibody-IL-6 binding competition studies (ForteBio Octet).

Fig. 2 shows that a variety of unique epitopes were recognized by the collection of anti-TNF-a antibodies prepared by the
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antibody selection protocol. Epitope variability was confirmed by antibody-TNF-a binding competition studies (ForteBio Octet).
Fig. 3 depicts the binding affinity of an anti-TNF-a antibody.

Fig. 4 depicts the comparative cytotoxicity of an anti-TNF-a antibody.

Fig. 5 depicts the epitope selectivity of anti-AB antibodies.

Fig. 6 demonstrates the high correlation between the IgG produced and antigen specificity for an exemplary IL-6 protocol. 9 of 11
wells showed specific IgG correlation with antigen recognition.

Fig. 7 demonstrates the high correlation between the IgG produced and antigen specificity for an exemplary huTNF-a protocol. 18
of 20 wells showed specific IgG correlation with antigen recognition.

DETAILED DESCRIPTION OF THE INVENTION

[0012] The present invention provides a method of identifying a B cell that secretes an antigen-specific antibody, the method
comprising:

1. (a) harvesting B cells from an immunised rabbit host;

2. (b) enriching the harvested rabbit B cells to increase the proportion of B cells that are specific for said antigen by affinity
purification of antigen-specific B cells using an antigen directly or indirectly attached to a solid matrix or support, thereby
forming an enriched B cell population;

3. (c) culturing one or more sub-populations of cells from said enriched rabbit B cell population under conditions that favour
the survival of a single B cell to produce a clonal population in at least one culture well;

4. (d) determining whether said cultured sub-populations produce an antibody specific to said antigen, thereby idenlifying one
or more antigen-positive sub-populations; and

5. (e) determining whether a single rabbit B cell produces an antibody specific to the antigen by a method comprising:

1. (i) isolating one or more single rabbit B cells from one or more of said antigen-positive sub-populations of step (d);

2. (ii) providing an immobilized antigen comprising a matrix or solid support to which said antigen has been directly or
indirectly attached;

3. (iii) incubating an individual rabbit B cell with said immobilized antigen;

4. (iv) incubating said immobilized antigen with a fluorophore labeled secondary antibody, wherein said secondary
antibody is a host-specific anti-immunoglobulin antibody that binds antibodies of the host of step (a), thereby
detecting whether an antibody secreted by said individual B cell is bound to said immobilized antigen; and

5. (v) identifying a B cell that secretes an antibody specific to said antigen by a fluorimetric assay that detects antibody-
antigen complexes formed adjacent to the secreting cell.

[0013] Described herein are methods of isolating a clonal population of antigen-specific B cells that may be used for isolating at
least one antigen-specific cell. As described and exemplified infra, these methods contain a series of culture and selection steps
that can be used separately, in combination, sequentially, repetitively, or periodically. Preferably, these methods are used for
isolating at least one antigen-specific cell, which can be used to produce a monaclonal antibody, which is specific to a desired
antigen, or a nucleic acid sequence corresponding to such an antibody.

[0014] Described herein is a method comprising the steps of:

1. a. preparing a cell population comprising at least one antigen-specific B cell;

2. b. enriching the cell population, e.g., by chromatography, to form an enriched cell population comprising at least one
antigen-specific B cell;

3. c. isolating a single B cell from the enriched B cell population; and

4. d. determining whether the single B cell produces an antibody specific to the antigen.

[0015] Described herein is an improvement to a method of isolating a single, antibody-producing B cell, the improvement
comprising enriching a B cell population obtained from a host that has been immunized or naturally exposed to an antigen,
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wherein the enriching step precedes any selection steps, comprises at least one culturing step, and results in a clonal population
of B cells that produces a single monoclonal antibody specific to said antigen.

[0016] Throughout this application, a "clonal population of B cells" refers to a population of B cells that only secrete a single
antibody specific to a desired antigen. That is to say that these cells produce only one type of monoclonal antibody specific to the
desired antigen.

[0017] In the present application, "enriching" a cell population cells means increasing the frequency of desired cells, typically
antigen-specific cells, contained in a mixed cell population, e.g., a B cell-containing isolate derived from a host that is immunized
against a desired antigen. Thus, an enriched cell population encompasses a cell population having a higher frequency of
antigen-specific cells as a result of an enrichment step, but this population of cells may contain and produce different antibodies.

[0018] The general term "cell population" encompasses pre- and a post-enrichment cell populations, keeping in mind that when
multiple enrichment steps are performed, a cell population can be both pre- and post-enrichment.

[0019] Described herein is a method:

a. harvesting a cell population from an immunized host to obtain a harvested cell population;

b. creating at least one single cell suspension from the harvested cell population;

c. enriching at least one single cell suspension to form a first enriched cell population;

d. enriching the first enriched cell population to form a second enriched cell population;

e. enriching the second enriched cell population to form a third enriched cell population; and

6. f. selecting an antibody produced by an antigen-specific cell of the third enriched cell population.

S

[0020] Each cell population may be used directly in the next step, or it can be partially or wholly frozen for long- or short- term
storage or for later steps. Also, cells from a cell population can be individually suspended to yield single cell suspensions. The
single cell suspension can be enriched, such that a single cell suspension serves as the pre-enrichment cell population. Then,
one or more antigen-specific single cell suspensions together form the enriched cell population; the antigen-specific single cell
suspensions can be grouped together, e.g., re-plated for further analysis and/or antibody production.

[0021] Described herein is a method of enriching a cell population to yield an enriched cell population having an antigen-specific
cell frequency that is about 50% to about 100%, or increments therein. Preferably, the enriched cell population has an antigen-
specific cell frequency greater than or equal to about 50%, 60%, 70%, 75%, 80%, 90%, 95%, 99%, or 100%.

[0022] Described herein is a method of enriching a cell population whereby the frequency of antigen-specific cells is increased
by at least about 2-fold, 5-fold, 10-fold, 20-fold, 50-fold, 100-fold, or increments therein.

[0023] Throughout this application, the term "increment" is used to define a numerical value in varying degrees of precision, e.g.,
to the nearest 10, 1, 0.1, 0.01, etc. The increment can be rounded to any measurable degree of precision, and the increment
need not be rounded to the same degree of precision on both sides of a range. For example, the range 1 to 100 or increments
therein includes ranges such as 20 to 80, 5 to 50, and 0.4 to 98. When a range is open-ended, e.g., a range of less than 100,
increments therein means increments between 100 and the measurable limit. For example, less than 100 or increments therein
means 0 to 100 or increments therein unless the feature, e.g., temperature, is not limited by 0.

[0024] Antigen-specificity can be measured with respect to any antigen. The antigen can be any substance to which an antibody
can bind including, but not limited to, peptides, proteins or fragments thereof; carbohydrates; organic and inorganic molecules;
receptors produced by animal cells, bacterial cells, and viruses; enzymes; agonists and antagonists of biological pathways;
hormones; and cytokines. Exemplary antigens include, but are not limited to, IL-2, IL-4, IL-6, IL-10, IL-12, IL-13, IL-18, IFN-q, IFN-
y, BAFF, CXCL13, IP-10, VEGF, EPO, EGF, HRG, and AB. Preferred antigens include IL-6, IL-13, TNF-a and VEGF-a. In a
method utilizing more than one enrichment step, the antigen used in each enrichment step can be the same as or different from
one another. Multiple enrichment steps with the same antigen may vyield a large and/or diverse population of antigen-specific
cells; multiple enrichment steps with different antigens may yield an enriched cell population with cross-specificity to the different
antigens.

[0025] Enriching a cell population can be performed by any cell-selection means known in the art for isolating antigen-specific
cells. For example, a cell population can be enriched by chromatographic techniques, e.g., Miltenyi bead or magnetic bead
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technology. The beads can be directly or indirectly attached to the antigen of interest. In a preferred embodiment, the method of
enriching a cell population includes at least one chromatographic enrichment step.

[0026] A cell population can also be enriched by performed by any antigen-specificity assay technique known in the art, e.g., an
ELISA assay or a halo assay. ELISA assays include, but are not limited to, selective antigen immobilization (e.g., biotinylated
antigen capture by streptavidin, avidin, or neutravidin coated plate), non-specific antigen plate coating, and through an antigen
build-up strategy (e.g., selective antigen capture followed by binding partner addition to generate a heteromeric protein-antigen
complex). A halo assay comprises contacting the cells with antigen-loaded beads and labeled anti-host antibody specific to the
host used to harvest the B cells. The label can be, e.g., a fluorophore. In one embodiment, at least one assay enrichment step is
performed on at least one single cell suspension. In another embodiment, the method of enriching a cell population includes at
least one chromatographic enrichment step and at least one assay enrichment step.

[0027] Methods of "enriching" a cell population by size or density are known in the art. See, e.g., U.S. Patent 5,627,052. These
steps can be used in the present method in addition to enriching the cell population by antigen-specificity.

[0028] The cell populations of the methods described herein contain at least one cell capable of recognizing an antigen. Antigen-
recognizing cells include, but are not limited to, B cells, plasma cells, and progeny thereof. In one embodiment, the methods
described herein provide a clonal cell population containing a single type of antigen-specific B-cell, i.e., the cell population
produces a single monoclonal antibody specific to a desired antigen.

[0029] In such embodiment, it is believed that the clonal antigen-specific population of B cells consists predominantly of antigen-
specific, antibody-secreting cells, which are obtained by the novel culture and selection protocol provided herein. Described
herein are methods for obtaining an enriched cell population containing at least one antigen-specific, antibody-secreting cell.
Described herein are methods for obtaining an enriched cell population containing about 50% to about 100%, or increments
therein, or greater than or equal to about 60%, 70%, 80%, 90%, or 100% of antigen-specific, antibody-secreting cells.

[0030] Described herein is a method of isolating a single B cell by enriching a cell population obtained from a host before any
selection steps, e.g., selecting a particular B cell from a cell population and/or selecting an antibody produced by a particular cell.
The enrichment step can be performed as one, two, three, or more steps. In one embodiment, a single B cell is isolated from an
enriched cell population before confirming whether the single B cell secretes an antibody with antigen-specificity and/or a desired
property.

[0031] In one embodiment, a method of enriching a cell population is used in a method for antibody production and/or selection.
Described herein is a method comprising enriching a cell population before selecting an antibody. The method can include the
steps of: preparing a cell population comprising at least one antigen-specific cell, enriching the cell population by isolating at least
one antigen-specific cell to form an enriched cell population, and inducing antibody production from at least one antigen-specific
cell. In a preferred embodiment, the enriched cell population contains more than one antigen-specific cell. In one embodiment,
each antigen-specific cell of the enriched population is cultured under conditions that yield a clonal antigen-specific B cell
population before isolating an antibody producing cell therefrom and/or producing an antibody using said B cell, or a nucleic acid
sequence corresponding to such an antibody. In contrast to prior techniques where antibodies are produced from a cell
population with a low frequency of antigen-specific cells, the present invention allows antibody selection from among a high
frequency of antigen-specific cells. Because an enrichment step is used prior to antibody selection, the majority of the cells,
preferably virtually all of the cells, used for antibody production are antigen-specific. By producing antibodies from a population of
cells with an increased frequency of antigen specificity, the quantity and variety of antibodies are increased.

[0032] In the antibody selection methods described herein, an antibody is preferably selected after an enrichment step and a
culture step that results in a clonal population of antigen-specific B cells. The methods can further comprise a step of sequencing
a selected antibody or portions thereof from one or more isolated, antigen-specific cells. Any method known in the art for
sequencing can be employed and can include sequencing the heavy chain, light chain, variable region(s), and/or
complementarity determining region(s) (CDR).

[0033] In addition to the enrichment step, the method for antibody selection can also include one or more steps of screening a
cell population for antibody functionality. For example, the desired antibodies may have specific structural features, such as
binding to a particular epitope or mimicry of a particular structure; antagonist or agonist activity; or neutralizng activity, e.g.,
inhibiting binding between the antigen and a ligand. In one embodiment, the antibody functionality screen is ligand-dependent.
Screening for antibody functionality includes, but is not limited to, an in vifro protein-protein interaction assay that recreates the
natural interaction of the antigen ligand with recombinant receptor protein; and a cell-based response that is ligand dependent
and easily monitored (e.g., proliferation response). In one embodiment, the method for antibody selection includes a step of
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screening the cell population for antibody functionality by measuring the inhibitory concentration (ICsq). In one embodiment, at
least one of the isolated, antigen-specific cells produces an antibody having an ICsq of less than about 100, 50, 30, 25, 10 pg/mL,

or increments therein.

[0034] In addition to the enrichment step, the method for antibody selection can also include one or more steps of screening a
cell population for antibody binding strength. Antibody binding strength can be measured by any method known in the art (e.g.,
Biacore). In one embodiment, at least one of the isolated, antigen-specific cells produces an antibody having a high antigen

affinity, e.g., a dissociation constant (Kq) of less than about 5x1 010 I\/l'1, preferably about 1x10~13 to 5x1 0'10, 1x10712 10 1x10'10,

1x10-12 to 7.5x1 0'11, 1x10-11 to 2x1 0'11, about 1.5x10-11 or less, or increments therein. In this embodiment, the antibodies are
said to be affinity mature. In a preferred embodiment, the affinity of the antibodies is comparable to or higher than the affinity of
any one of Panorex® (edrecolomab), Rituxan® (rituxmab), Herceptin® (traztuzumab), Mylotarg® (gentuzumab), Campath®
(alemtuzumab), Zevalin™ (ibritumomab), Erbitux™ (cetuximab), Avastin™ (bevicizumab), Raptiva™ (efalizumab), Remicade®
(infliimab), Humira™ (adalimumab), and Xolair™ (omalizumab). Preferably, the affinity of the antibodies is comparable to or
higher than the affinity of Humira™. The affinity of an antibody can also be increased by known affinity maturation techniques. In
one embodiment, at least one cell population is screened for both antibody functionality and antibody binding strength.

[0035] In addition to the enrichment step, the method for antibody selection can also include one or more steps of screening a
cell population for antibody sequence homology, especially human homology. In another embodiment, at least one of the isolated,
antigen-specific cells produces an antibody that has a homology to a human antibody of about 50% to about 100%, or increments
therein, or greater than about 60%, 70%, 80%, 85%, 90%, or 95% homologous. The antibodies can be humanized to increase the
homology to a human sequence by techniques known in the art such as CDR grafting or selectivity determining residue grafting
(SDR).

[0036] Also described herein are the antibodies themselves according to any of the embodiments described above in terms of
IC50, Kg, and/or homology.

[0037] The inventive B cell selection protocol disclosed herein has a number of intrinsic advantages versus other methods for
obtaining antibody-secreting B cells and monoclonal antibodies specific to desired target antigens. These advantages include,
but are not restricted to, the following:

First, it has been found that when these selection procedures are utilized with a desired antigen such as IL-6 or TNF-q, the
methods reproducibly result in antigen-specific B cells capable of generating what appears to be a substantially comprehensive
complement of antibodies, i.e., antibodies that bind to the various different epitopes of the antigen. Without being bound by
theory, it is hypothesized that the comprehensive complement is attributable to the antigen enrichment step that is performed
prior to initial B cell recovery. Moreover, this advantage allows for the isolation and selection of antibodies with different properties
as these properties may vary depending on the epitopic specificity of the particular antibody.

Second, it has been found that the inventive B cell selection protocol reproducibly yields a clonal B cell culture containing a single
B cell, or its progeny, secreting a single monoclonal antibody that generally binds to the desired antigen with a relatively high
binding affinity, i.e. picomolar or better antigen binding affinities. By contrast, prior antibody selection methods tend to yield
relatively few high affinity antibodies and therefore require extensive screening procedures to isolate an antibody with therapeutic
potential. Without being bound by theory, it is hypothesized that the inventive protocol results in both in vivo B cell immunization of
the host (primary immunization) followed by a second in vitro B cell immunization (secondary antigen priming step) that may
enhance the ability and propensity of the recovered clonal B cells to secrete a single high affinity monoclonal antibody specific to
the antigen target.

Third, it has been observed (as shown herein with IL-6 specific B cells) that the inventive B cell selection protocol reproducibly
yields enriched B cells producing IgG's that are, on average, highly selective (antigen specific) to the desired target. In part based
thereon, antigen-enriched B cells recovered by the inventive methods are believed to contain B cells capable of yielding the
desired full complement of epitopic specificities as discussed above.

Fourth, it has been observed that the inventive B cell selection protocols, even when used with small antigens, i.e., peptides of
100 amino acids or less, e.g., 10-50 amino acids long, reproducibly give rise to a clonal B cell culture that secretes a single high
affinity antibody to the small antigen, e.g., a peptide. This is highly surprising as it is generally quite difficult, labor intensive, and
sometimes not even feasible to produce high affinity antibodies to small peptides. Accordingly, the invention can be used to
produce therapeutic antibodies to desired peptide targets, e.g., viral, bacterial or autoantigen peptides, thereby allowing for the
production of monoclonal antibodies with very discrete binding properties or even the production of a cocktail of monoclonal
antibodies to different peptide targets, e.g., different viral strains. This advantage may especially be useful in the context of the
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production of a therapeutic or prophylactic vaccine having a desired valency, such as an HPV vaccine that induces protective
immunity to different HPV strains.

Fifth, the inventive B cell selection protocol, particularly when used with B cells derived from rabbits, tends to reproducibly yield
antigen-specific antibody sequences that are very similar to endogenous human immunoglobulins (around 90% similar at the
amino acid level) and that contain CDRs that possess a length very analogous to human immunoglobulins and therefore require
little or no sequence modification (typically at most only a few CDR residues may be modified in the parent antibody sequence
and no framework exogenous residues introduced) in order to eliminate potential immunogenicity concerns. Thereby, the high
antigen binding affinity of the recovered antibody sequences produced according to the inventive B cell and antibody selection
protocol remains intact or substantially intact even with humanization.

[0038] In sum, the inventive method can be used to produce antibodies exhibiting higher binding affinities to more distinct
epitopes by the use of a more efficient protocol than was previously known.

[0039] Described herein is a method for identifying a single B cell that secretes an antibody specific to a desired antigen and that
optionally possesses at least one desired functional property such as affinity, avidity, cytolytic activity, and the like by a process
including the following steps:

1. a. immunizing a host against an antigen;

2. b. harvesting B cells from the host;

3. c. enriching the harvested B cells to increase the frequency of antigen-specific cells;

4. d. creating at least one single cell suspension;

5. e. culturing a sub-population from the single cell suspension under conditions that favor the survival of a single antigen-
specific B cell per culture well;

6. f.isolating less than 12 B cells from the sub-population; and

7. g. determining whether the single B cell produces an antibody specific to the antigen.

[0040] Typically, the inventive methods will further comprise an additional step of isolating and sequencing, in whole or in part,
the polypeptide and nucleic acid sequences encoding the desired antibody. These sequences or modified versions or portions
thereof can be expressed in desired host cells in order to produce recombinant antibodies to a desired antigen.

[0041] As noted previously, it is believed that the clonal population of B cells predominantly comprises antibody-secreting B cells
producing antibody against the desired antigen. It is also believed based on experimental results obtained with several antigens
and with different B cell populations that the clonally produced B cells and the isolated antigen-specific B cells derived therefrom
produced according to the invention secrete a monoclonal antibody that is typically of relatively high affinity and moreover is
capable of efficiently and reproducibly producing a selection of monoclonal antibodies of greater epitopic variability as compared
to other methods of deriving monoclonal antibodies from cultured antigen-specific B cells. In an exemplary embodiment the
population of immune cells used in such B cell selection methods will be derived from a rabbit. However, other hosts that produce
antibodies, including non-human and human hosts, can alternatively be used as a source of immune B cells. It is believed that the
use of rabbits as a source of B cells may enhance the diversity of monoclonal antibodies that may be derived by the inventive
methods described herein. Also, the antibody sequences derived from rabbits according to the invention typically possess
sequences having a high degree of sequence identity to human antibody sequences making them favored for use in humans
since they should possess little antigenicity. In the course of humanization, the final humanized antibody contains a much lower
foreign/host residue content, usually restricted to a subset of the host CDR residues that differ dramatically due to their nature
versus the human target sequence used in the grafting. This enhances the probability of complete activity recovery in the
humanized antibody protein.

[0042] The methods of antibody selection using an enrichment step disclosed herein include a step of obtaining a immune cell-
containing cell population from an immunized host. Methods of obtaining an immune cell-containing cell population from an
immunized host are known in the art and generally include inducing an immune response in a host and harvesting cells from the
host to obtain one or more cell populations. The response can be elicited by immunizing the host against a desired antigen.
Alternatively, the host used as a source of such immune cells can be naturally exposed to the desired antigen such as an
individual who has been infected with a particular pathogen such as a bacterium or virus or alternatively has mounted a specific
antibody response to a cancer that the individual is afflicted with.
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[0043] Host animals are well-known in the art and include, but are not limited to, human, rabbit, mouse, rat, chicken cow, pig,
guinea pig, goat, and sheep. When exposed to an antigen, the host produces antibodies as part of the native immune response
to the antigen. As mentioned, the immune response can occur naturally, as a result of disease, or it can be induced by
immunization with the antigen. Immunization can be performed by any method known in the art, such as, by one or more injections
of the antigen with or without an agent to enhance immune response, such as complete or incomplete Freund's adjuvant. As an
alternative to immunizing a host animal in vivo, the method can comprise immunizing a host cell culture in vitro.

[0044] After allowing time for the immune response (e.g., as measured by serum antibody detection), host animal cells are
harvested to obtain one or more cell populations. In a preferred embodiment, a harvested cell population is screened for antibody
binding strength and/or antibody functionality. A harvested cell population is preferably from at least one of the spleen, lymph
nodes, bone marrow, and/or peripheral blood mononuclear cells (PBMCs). The cells can be harvested from more than one
source and pooled. Certain sources may be preferred for certain antigens. For example, the spleen, lymph nodes, and PBMCs
are preferred for IL-6; the lymph nodes are preferred for TNF; and the spleen and lymph nodes are preferred for AB. The cell
population is harvested about 20 to about 90 days or increments therein after immunization, preferably about 50 to about 60
days. A harvested cell population and/or a single cell suspension therefrom can be enriched, screened, and/or cultured for
antibody selection. The frequency of antigen-specific cells within a harvested cell population is usually about 1% to about 5%, or
increments therein.

[0045] In one embodiment, a single cell suspension from a harvested cell population is enriched, preferably by using Miltenyi
beads. From the harvested cell population having a frequency of antigen-specific cells of about 1% to about 5%, an enriched cell
population is thus derived having a frequency of antigen-specific cells approaching 100%.

[0046] The method of antibody selection using an enrichment step includes a step of producing antibodies from at least one
antigen-specific cell from an enriched cell population. Methods of producing antibodies in vitro are well known in the art, and any
suitable method can be employed. In one embodiment, an enriched cell population, such as an antigen-specific single cell
suspension from a harvested cell population, is plated at various cell densities, such as 50, 100, 250, 500, or other increments
between 1 and 1000 cells per well. Preferably, the sub-population comprises no more than about 10,000 antigen-specific,
antibody-secreting cells, more preferably about 50-10,000, about 50-5,000, about 50-1,000, about 50-500, about 50-250
antigen-specific, antibody-secreting cells, or increments therein. Then, these sub-populations are cultured with suitable medium
on a feeder layer, preferably under conditions that favor the survival of a single proliferating antibody-secreting cell per culture
well. The feeder layer, generally comprised of irradiated cell matter, does not constitute part of the cell population. The cells are
cultured in a suitable media for a time sufficient for antibody production, for example about 1 day to about 2 weeks, about 1 day to
about 10 days, at least about 3 days, about 3 to about 5 days, about 5 days to about 7 days, or other increments therein.
Preferably, a single antibody-producing cell and progeny thereof survives in each well, thereby providing a clonal population of
antigen-specific B cells in each well. At this stage, the immunoglobulin G (IgG) produced by the clonal population is highly
correlative with antigen specificity. In a preferred embodiment, the IgGs exhibit a correlation with antigen specificity that is greater
than about 50%, more preferably greater than 70%, 85%, 90%, 95%, 99%, or increments therein. See Fig. 6 and Fig. 7, which
demonstrate exemplary correlations for IL-6 and huTNF-q, respectively. The correlations were demonstrated by setting up B cell
cultures under limiting conditions to establish single antigen-specific antibody products per well. Antigen-specific versus general
lgG synthesis was compared. Three populations were observed: IgG that recognized a single formate of antigen (biotinylated and
direct coating), detectable IgG and antigen recognition irrespective of immobilization, and IgG production alone. IgG production
was highly correlated with antigen-specificity.

[0047] A supernatant containing the antibodies is optionally collected, which can be can be enriched, screened, and/or cultured
for antibody selection according to the steps described above. In one embodiment, the supernatant is enriched (preferably by an
antigen-specificity assay, especially an ELISA assay) and/or screened for antibody functionality.

[0048] In another embodiment, the enriched, preferably clonal, antigen-specific B cell population from which a supernatant
described above is optionally screened in order to detect the presence of the desired secreted monoclonal antibody is used for
the isolation of a few B cells, preferably a single B cell, which is then tested in an appropriate assay in order to confirm the
presence of a single antibody-producing B cell in the clonal B cell population. In one embodiment about 1 to about 20 cells are
isolated from the clonal B cell population, preferably less than about 15, 12, 10, 5, or 3 cells, or increments therein, most
preferably a single cell. The screen is preferably effected by an antigen-specificity assay, especially a halo assay. The halo assay
can be performed with the full length protein, or a fragment thereof. The antibody-containing supernatant can also be screened
for at least one of: antigen binding affinity; agonism or antagonism of antigen-ligand binding, induction or inhibition of the
proliferation of a specific target cell type; induction or inhibition of lysis of a target cell, and induction or inhibition of a biological
pathway involving the antigen.
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[0049] The identified antigen-specific cell can be used to derive the corresponding nucleic acid sequences encoding the desired
monoclonal antibody. (An Alul digest can confirm that only a single monoclonal antibody type is produced per well.) As mentioned
above, these sequences can be mutated, such as by humanization, in order to render them suitable for use in human
medicaments.

[0050] As mentioned, the enriched B cell population used in the inventive process can also be further enriched, screened,
and/or cultured for antibody selection according to the steps described above which can be repeated or performed in a different
order. In a preferred embodiment, at least one cell of an enriched, preferably clonal, antigen-specific cell population is isolated,
cultured, and used for antibody selection.

[0051] Described herein is a method comprising:

a. harvesting a cell population from an immunized host to obtain a harvested cell population;

. b. creating at least one single cell suspension from a harvested cell population;

c. enriching at least one single cell suspension, preferably by chromatography, to form a first enriched cell population;

. d. enriching the first enriched cell population, preferably by ELISA assay, to form a second enriched cell population which
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preferably is clonal, i.e., it contains only a single type of antigen-specific B cell;

5. e. enriching the second enriched cell population, preferably by halo assay, to form a third enriched cell population
containing a single or a few number of B cells that produce an antibody specific to a desired antigen; and

6. f. selecting an antibody produced by an antigen-specific cell isolated from the third enriched cell population.

[0052] The method can further include one or more steps of screening the harvested cell population for antibody binding
strength (affinity, avidity) and/or antibody functionality. Suitable screening steps include, but are not limited to, assay methods
that detect: whether the antibody produced by the identified antigen-specific B cell produces an antibody possessing a minimal
antigen binding affinity, whether the antibody agonizes or antagonizes the binding of a desired antigen to a ligand; whether the
antibody induces or inhibits the proliferation of a specific cell type; whether the antibody induces or elicits a cytolytic reaction
against target cells; whether the antibody binds to a specific epitope; and whether the antibody modulates (inhibits or agonizes) a
specific biological pathway or pathways involving the antigen.

[0053] Similarly, the method can include one or more steps of screening the second enriched cell population for antibody binding
strength and/or antibody functionality.

[0054] The method can further include a step of sequencing the polypeptide sequence or the corresponding nucleic acid
sequence of the selected antibody. The method can also include a step of producing a recombinant antibody using the
sequence, a fragment thereof, or a genetically modified version of the selected antibody. Methods for mutating antibody
sequences in order to retain desired properties are well known to those skilled in the art and include humanization, chimerisation,
production of single chain antibodies; these mutation methods can yield recombinant antibodies possessing desired effector
function, immunogenicity, stability, removal or addition of glycosylation, and the like. The recombinant antibody can be produced
by any suitable recombinant cell, including, but not limited to mammalian cells such as CHO, COS, BHK, HEK-293, bacterial cells,
yeast cells, insect cells, and amphibian cells. In one embodiment, the antibodies are expressed in polyploidal yeast cells, i.e.,
diploid yeast cells, particularly Pichia.

[0055] Described herein is a method comprises:

1. a. immunizing a host against an antigen to yield host antibodies;

2. b. screening the host antibodies for antigen specificity and neutralization;

3. c. harvesting B cells from the host;

4. d. enriching the harvested B cells to create an enriched cell population having an increased frequency of antigen-specific
cells;

e. culturing one or more sub-populations from the enriched cell population under conditions that favor the survival of a

o

single B cell to produce a clonal population in at least one culture well;
. f. determining whether the clonal population produces an antibody specific to the antigen;
. g. isolating a single B cell; and
8. h. sequencing the nucleic acid sequence of the antibody produced by the single B cell.
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[0056] To further articulate the invention described above, we provide the following nonlimiting examples.

EXAMPLES

Example 1: Production of Enriched Antigen-Specific B Cell Antibody Culture

[0057] Panels of antibodies are derived by immunizing traditional antibody host animals to exploit the native immune response to
a target antigen of interest. Typically, the host used for immunization is a rabbit or other host that produces antibodies using a
similar maturation process and provides for a population of antigen-specific B cells producing antibodies of comparable diversity,
e.g., epitopic diversity. The initial antigen immunization can be conducted using complete Freund's adjuvant (CFA), and the
subsequent boosts effected with incomplete adjuvant. At about 50-60 days after immunization, preferably at day 55, antibody
titers are tested, and the Antibody Selection (ABS) process is initiated if appropriate titers are established. The two key criteria for
ABS initiation are potent antigen recognition and function-modifying activity in the polyclonal sera.

[0058] At the time positive antibody titers are established, animals are sacrificed and B cell sources isolated. These sources
include: the spleen, lymph nodes, bone marrow, and peripheral blood mononuclear cells (PBMCs). Single cell suspensions are
generated, and the cell suspensions are washed to make them compatible for low temperature long term storage. The cells are
then typically frozen.

[0059] To initiate the antibody identification process, a small fraction of the frozen cell suspensions are thawed, washed, and
placed in tissue culture media. These suspensions are then mixed with a biotinylated form of the antigen that was used to
generate the animal immune response, and antigen-specific cells are recovered using the Miltenyi magnetic bead cell selection
methodology. Specific enrichment is conducted using streptavidin beads. The enriched population is recovered and progressed
in the next phase of specific B cell isolation.

Example 2: Production of Clonal. Antigen-Specific B Cell-Containing Culture

[0060] Enriched B cells produced according to Example 1 are then plated at varying cell densities per well in a 96 well microtiter
plate. Generally, this is at 50, 100, 250, or 500 cells per well with 10 plates per group. The media is supplemented with 4%
activated rabbit T cell conditioned media along with 50K frozen irradiated EL4B feeder cells. These cultures are left undisturbed
for 5-7 days at which time supernatant-containing secreted antibody is collected and evaluated for target properties in a separate
assay setting. The remaining supernatant is left intact, and the plate is frozen at -70°C. Under these conditions, the culture
process typically results in wells containing a mixed cell population that comprises a clonal population of antigen-specific B cells,
i.e., a single well will only contain a single monoclonal antibody specific to the desired antigen.

Example 3: Screening of Antibody Supernatants for Monoclonal Antibody of Desired Specificity and/or Functional
Properties

[0061] Antibody-containing supernatants derived from the well containing a clonal antigen-specific B cell population produced
according to Example 2 are initially screened for antigen recognition using ELISA methods. This includes selective antigen
immobilization (e.g., biotinylated antigen capture by streptavidin coated plate), non-specific antigen plate coating, or alternatively,
through an antigen build-up strategy (e.g., selective antigen capture followed by binding partner addition to generate a
heteromeric protein-antigen complex). Antigen-positive well supernatants are then optionally tested in a function-modifying assay
that is strictly dependant on the ligand. One such example is an in vitro protein-protein interaction assay that recreates the natural
interaction of the antigen ligand with recombinant receptor protein. Alternatively, a cell-based response that is ligand dependent
and easily monitored (e.g., proliferation response) is utilized. Supernatant that displays significant antigen recognition and
potency is deemed a positive well. Cells derived from the original positive well are then transitioned to the antibody recovery
phase.

Example 4: Recovery of Single, Antibody-Producing B Cell of Desired Antigen Specificity
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[0062] A few number of cells are isolated from a well that contains a clonal population of antigen-specific B cells (produced
according to Example 2 or 3), which secrete a single antibody sequence. The isolated cells are then assayed to isolate a single,
antibody-secreting cell. Dynal streptavidin beads are coated with biotinylated target antigen under buffered medium to prepare
antigen-containing microbeads compatible with cell viability. Next antigen-loaded beads, antibody-producing cells from the positive
well, and a fluorescein isothiocyanate (FITC)-labeled anti-host H&L IgG antibody (as noted, the host can be any mammalian host,
e.g., rabbit, mouse, rat, etc.) are incubated together at 37°C. This mixture is then re-pipetted in aliquots onto a glass slide such
that each aliquot has on average a single, antibody-producing B-cell. The antigen-specific, antibody-secreting cells are then
detected through fluorescence microscopy. Secreted antibody is locally concentrated onto the adjacent beads due to the bound
antigen and provides localization information based on the strong fluorescent signal. Antibody-secreting cells are identified via
FITC detection of antibody-antigen complexes formed adjacent to the secreting cell. The single cell found in the center of this
complex is then recovered using a micromanipulator. The cell is snap-frozen in an eppendorf PCR tube for storage at -80°C until
antibody sequence recovery is initiated.

Example 5: Isolation of Antibody Sequences From Antigen-Specific B Cell

[0063] Antibody sequences are recovered using a combined RT-PCR based method from a single isolated B-cell produced
according to Example 4 or an antigenic specific B cell isolated from the clonal B cell population obtained according to Example 2.
Primers are designed to anneal in conserved and constant regions of the target immunoglobulin genes (heavy and light), such as
rabbit immunoglobulin sequences, and a two-step nested PCR recovery step is used to obtain the antibody sequence. Amplicons
from each well are analyzed for recovery and size integrity. The resulting fragments are then digested with Alul to fingerprint the
sequence clonality. Identical sequences display a common fragmentation pattern in their electrophoretic analysis. Significantly,
this common fragmentation pattern which proves cell clonality is generally observed even in the wells originally plated up to 1000
cells/well. The original heavy and light chain amplicon fragments are then restriction enzyme digested with Hindlll and Xhol or
Hindlll and Bsiwl to prepare the respective pieces of DNA for cloning. The resulting digestions are then ligated into an expression
vector and transformed into bacteria for plasmid propagation and production. Colonies are selected for sequence
characterization.

Example 6: Recombinant Production of Monoclonal Antibody of Desired Antigen Specificity and/or Functional
Properties

[0064] Correct full-length antibody sequences for each well containing a single monoclonal antibody is established and miniprep
DNA is prepared using Qiagen solid-phase methodology. This DNA is then used to transfect mammalian cells to produce
recombinant full-length antibody. Crude antibody product is tested for antigen recognition and functional properties to confirm the
original characteristics are found in the recombinant antibody protein. Where appropriate, large-scale transient mammalian
transfections are completed, and antibody is purified through Protein A affinity chromatography. K 4 is assessed using standard

methods (e.g., Biacore) as well as IC5q in a potency assay.

Example 7: Preparation of Antibodies that Bind Human IL-6

[0065] By using the antibody selection protocol described herein, one can generate an extensive panel of antibodies. The
antibodies have high affinity towards IL-6 (single to double digit pM Kqg) and demonstrate potent antagonism of IL-6 in multiple

cell-based screening systems (T1165 and HepG2). Furthermore, the collection of antibodies display distinct modes of antagonism
toward IL-6-driven processes.

Immunization Strategy

[0066] Rabbits were immunized with hulL-6 (R&R). Immunization consisted of a first subcutaneous (sc) injection of 100 ug in
complete Freund's adjuvant (CFA) (Sigma) followed by two boosts, two weeks apart, of 50 pg each in incomplete Freund's
adjuvant (IFA) (Sigma). Animals were bled on day 55, and serum titers were determined by ELISA (antigen recognition) and by
non-radioactive proliferation assay (Promega) using the T1165 cell line.

Antibody Selection Titer Assessment
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[0067] Antigen recognition was determined by coating Immulon 4 plates (Thermo) with 1 pg/ml of hulL-6 (50 pl/well) in phosphate
buffered saline (PBS, Hyclone) overnight at 4°C. On the day of the assay, plates were washed 3 times with PBS /Tween 20 (PBST
tablets, Calbiochem). Plates were then blocked with 200 pl/well of 0.5% fish skin gelatin (FSG, Sigma) in PBS for 30 minutes at
37°C. Blocking solution was removed, and plates were blotted. Serum samples were made (bleeds and pre-bleeds) at a starting
dilution of 1:100 (all dilutions were made in FSG 50 pl/well) followed by 1:10 dilutions across the plate (column 12 was left blank
for background control). Plates were incubated for 30 minutes at 37°C. Plates were washed 3 times with PBS/Tween 20. Goat
anti-rabbit FC-HRP (Pierce) diluted 1:5000 was added to all wells (50 pl/well), and plates were incubated for 30 minutes at 37°C.
Plates were washed as described above. 50 pl/well of TMB-Stable stop (Fitzgerald Industries) was added to plates, and color was
allowed to develop, generally for 3 to 5 minutes. The development reaction was stopped with 50 pliwell 0.5 M HCI. Plates were
read at 450 nm. Optical density (OD) versus dilution was plotted using Graph Pad Prizm software, and titers were determined.

Functional Titer Assessment

[0068] The functional activity of the samples was determined by a T1165 proliferation assay. T1165 cells were routinely
maintained in modified RPMI medium (Hyclone) supplemented with Hepes, sodium pyruvate, sodium bicarbonate, L-glutamine,
high glucose, penicillin/streptomycin, 10% heat inactivated FBS (all supplements from Hyclone), 2-mercaptoethanol (Sigma), and
10 ng/ml of hulL-6 (R&D). On the day of the assay, cell viability was determined by trypan blue (Invitrogen), and cells were
seeded at a fixed density of 20,000 cells/well. Prior to seeding, cells were washed twice in medium described above without
human-IL-6 (by centrifuging at 13000 rpm/ 5 minutes and discarding the supernatant). After the last wash, cells were
resuspended in the same medium used for washing in a volume equivalent to 50 pliwell. Cells were set aside at room
temperature.

[0069] In a round-bottom, 96-well plate (Costar), serum samples were added starting at 1:100, followed by a 1:10 dilution across
the plate (columns 2 to 10) at 30 pliwell in replicates of 5 (rows B to F: dilution made in the medium described above with no hulL-
6). Column 11 was medium only for IL-6 control. 30 pl/well of hulL-6 at 4x concentration of the final ECsg (concentration previously
determined) were added to all wells (hulL-6 was diluted in the medium described above). Wells were incubated for 1 hour at 37°C
to allow antibody binding to occur. After 1 hour, 50 pl/well of antibody-antigen (Ab-Ag) complex were transferred to a flat-bottom,
96-well plate (Costar) following the plate map format laid out in the round-bottom plate. On Row G, 50 pl/well of medium were
added to all wells (columns 2 to 11) for background control. 50 pl/well of the cell suspension set aside were added to all wells
(columns 2 to 11, rows B to G). On Columns 1 and 12 and rows Aand H, 200 pl/well of medium was added to prevent evaporation
of test wells and to minimize edge effect. Plates were incubated for 72 h at 37°C in 4% CO». At 72 h, 20 pl/iwell of CellTiter96
(Promega) reagents was added to all test wells per manufacturer protocol, and plates were incubated for 2 h at 37°C. At 2 h,
plates were gently mixed on an orbital shaker to disperse cells and to allow homogeneity in the test wells. Plates were read at 490
nm wavelength. Optical density (OD) versus dilution was plotted using Graph Pad Prizm software, and functional titer was
determined. A positive assay control plate was conducted as described above using MAB2061 (R&D Systems) at a starting
concentration of 1 pg/ml (final concentration) followed by 1:3 dilutions across the plate.

Tissue Harvesting:

[0070] Once acceptable titers were established, the rabbit(s) were sacrificed. Spleen, lymph nodes, and whole blood were
harvested (R&R) and processed as follows:

Spleen and lymph nodes were processed into a single cell suspension by disassociating the tissue and pushing through sterile
wire mesh at 70 um (Fisher) with a plunger of a 20 cc syringe. Cells were collected in the modified RPMI medium described above
without hulL-6, but with low glucose. Cells were washed twice by centrifugation. After the last wash, cell density was determined by
trypan blue. Cells were centrifuged at 1500 rpm for 10 minutes; the supernatant was discarded. Cells were resuspended in the
appropriate volume of 10% dimethyl sulfoxide (DMSO, Sigma) in FBS (Hyclone) and dispensed at 1 ml/vial. Vials were then stored
at -70°C for 24 h prior to being placed in a liquid nitrogen (LN) tank for long-term storage.

[0071] Peripheral blood mononuclear cells (PBMCs) were isolated by mixing whole blood with equal parts of the low glucose
medium described above without FBS. 35 ml of the whole blood mixture was carefully layered onto 8 ml of Lympholyte Rabbit
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(Cedarlane) into a 45 ml conical tube (Corning) and centrifuged 30 minutes at 2500 rpm at room temperature without brakes.
After centrifugation, the PBMC layers were carefully removed using a glass Pasteur pipette (VWR), combined, and placed into a
clean 50 ml vial. Cells were washed twice with the modified medium described above by centrifugation at 1500 rpm for 10 minutes
at room temperature, and cell density was determined by trypan blue staining. After the last wash, cells were resuspended in
appropriate volume of 10% DMSO/FBS medium and frozen as described above.

B cell culture

[0072] On the day of setting up B cell culture, PBMC, splenocyte, or lymph node vials were thawed for use. Vials were removed
from LNy tank and placed in a 37°C water bath until thawed. Contents of vials were transferred into 15 ml conical centrifuge tube

(Corning) and 10 ml of modified RPMI described above was slowly added to the tube. Cells were centrifuged for 5 minutes at 1.5K
rpm, and the supernatant was discarded. Cells were resuspended in 10 ml of fresh media. Cell density and viability was
determined by trypan blue. Cells were washed again and resuspended at 1E07 cells/80 pl medium. Biotinylated hulL-6 was added
to the cell suspension at a final concentration of 3 pg/ml and incubated for 30 minutes at 4°C. Unbound B-hulL-6 was removed
with two 10 ml washes of phosphate-buffered fluoride (PBF):Ca/Mg free PBS (Hyclone), 2 mM ethylenediamine tetraacetic acid
(EDTA), 0.5% bovine serum albumin (BSA) (Sigma-biotin free). After the second wash, cells were resuspended at 1E07 cells/80 pl
PBF. 20 pl of MACS® streptavidin beads (Milteni)/10E7 cells were added to the cell suspension. Cells were incubated at 4°C for
15 minutes. Cells were washed once with 2 ml of PBF/10E7 cells. After washing, the cells were resuspended at 1E08 cells/500 pl
of PBF and set aside. A MACS® MS column (Milteni) was pre-rinsed with 500 ml of PBF on a magnetic stand (Milteni). Cell
suspension was applied to the column through a pre-filter, and unbound fraction was collected. The column was washed with 1.5
ml of PBF buffer. The column was removed from the magnet stand and placed onto a clean, sterile 5 ml Polypropylene Falcon
tube. 1 ml of PBF buffer was added to the top of the column, and positive selected cells were collected. The yield and viability of
positive and negative cell fraction was determined by trypan blue staining. Positive selection yielded an average of 1% of the
starting cell concentration.

[0073] A pilot cell screen was established to provide information on seeding levels for the culture. Three 10-plate groups (a total
of 30 plates) were seeded at 50, 100, and 200 enriched B cells/well. In addition, each well contained 50K cell/well of irradiated EL-
4.B5 cells (5,000 Rads) and an appropriate level of T cell supernatant (ranging from 1-5% depending on preparation) in high
glucose modified RPMI medium at a final volume of 250 pl/well. Cultures were incubated for 5 to 7 days at 37°C in 4% CO».

Identification of Selective Antibody Secreting B Cells

[0074] Cultures were tested for antigen recognition and functional activity between days 5 and 7.

Antigen Recognition Screening

[0075] The ELISA format used is as described above except 50 pl of supernatant from the B cell cultures (BCC) wells (all 30
plates) was used as the source of the antibody. The conditioned medium was transferred to antigen-coated plates. After positive
wells were identified, the supernatant was removed and transferred to a 96-well master plate(s). The original culture plates were
then frozen by removing all the supernatant except 40 pliwell and adding 60 pl/well of 16% DMSO in FBS. Plates were wrapped in
paper towels to slow freezing and placed at-70°C.

Functional Activity Screening

[0076] Master plates were then screened for functional activity in the T1165 proliferation assay as described before, except row
B was media only for background control, row C was media + IL-6 for positive proliferation control, and rows D-G and columns 2-
11 were the wells from the BCC (50 pl/well, single points). 40 pl of IL-6 was added to all wells except the media row at 2.5 times
the ECs( concentration determined for the assay. After 1 h incubation, the Ab/Ag complex was transferred to a tissue culture (TC)
treated, 96-well, flat-bottom plate. 20 pl of cell suspension in modified RPMI medium without hulL-6 (T1165 at 20,000 cells/well)
was added to all wells (100 pl final volume per well). Background was subtracted, and observed OD values were transformed into
% of inhibition.
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B cell recovery

[0077] Plates containing wells of interest were removed from -70°C, and the cells from each well were recovered with 5-200 pl
washes of medium/well. The washes were pooled in a 1.5 ml sterile centrifuge tube, and cells were pelleted for 2 minutes at 1500
rpm.

[0078] The tube was inverted, the spin repeated, and the supernatant carefully removed. Cells were resuspended in 100 pl/tube
of medium. 100 pl biotinylated IL-6 coated streptavidin M280 dynabeads (Invitrogen) and 16 pl of goat anti-rabbit H&L IgG-FITC
diluted 1:100 in medium was added to the cell suspension.

[0079] 20 pl of cell’lbeads/FITC suspension was removed, and 5 pl droplets were prepared on a glass slide (Corning) previously
treated with sigmacote (Sigma) and an impermeable barrier (35 to 40 droplets/slide). Parafin oil (JT Baker) was added to
submerge the droplets, and the slide was incubated for 90 minutes at 37°C, 4% COz2 in the dark.

[0080] Specific B cells that produce antibody can be identified by the fluorescent ring around them due to antibody secretion,
recognition of the bead-associated biotinylated antigen, and subsequent detection by the fluorescent-lgG detection reagent.
Once a cell of interest was identified, the cell in the center of the fluorescent ring was recovered via a micromanipulator
(Eppendorf). The single cell synthesizing and exporting the antibody was transferred into a 250 ul microcentrifuge tube and
placed in dry ice. After recovering all cells of interest, these were transferred to -70°C for long-term storage.

Example 8: Preparation of Antibodies that Bind HUTNF-a

[0081] By using the antibody selection protocol described herein, one can generate a collection of antibodies that exhibit potent
functional antagonism of TNF-a. The antibodies elucidate a variety of TNF-a epitopes and thus may provide useful alternatives to,
or adjunctives with, antibodies that target previously identified TNF-a epitopes, such as Remicade® (infliimab).

[0082] A screening method can be employed to identify antibodies that bind alternative TNF-a epitopes, while retaining
significant functional antagonism. After the primary antigen-recognition screen, positive BCC wells were tested for functional
antagonism towards TNF-a as well as for epitope competition, e.g., competition with infliximab. Unique epitope recognition was
established by ForteBio Octet antibody-TNF-a binding competition studies. See Fig. 2. BCC wells that displayed functional activity
as well as lack of competition were pursued, and the coding sequences for the antibody present in these wells recovered. The
majority of the recovered sequences displayed the original target characteristics: potent antigen recognition, functional
antagonism, and distinct epitope recognition. Thus, the resulting antibody collection established multiple novel epitope regions
associated with potent functional antagonism.

Immunization Strateqgy:

[0083] Rabbits were immunized with TNF-a (R&D # 210-TA) using an identical protocol as that described for hulL-6.

ABS Titer Assessment

[0084] Antigen recognition assay was determined for TNF-a by the protocol described for hulL-6, except plates were coated with
this cytokine at the concentration described above.

Functional Titer Assessment

[0085] The functional activities of the samples were determined by a TNF-a stimulated L929 and/or WEHI cytotoxic assay. L929
or WEHI cells were routinely maintained in the medium described above without hulL-6. On the day of the assay, cell density was
determined by trypan blue. Cells were resuspended at 1E06 cells/ml and plated at 50 pl/well (volume was adjusted to number of
samples and replicates) in sterile flat-bottom 96-well tissue culture plates. Plates were incubated for 2 h at 37°C.

13



DK/EP 2021463 T3

[0086] Separately, in a round-bottom 96-well plate, serum samples were added at a 1:100 dilution (in the described media)
followed by 1:10 dilution across the plate (columns 2-10, column 11 was media only for TNF-a control), 50 pl/well in replicates of 5
(rows B-F, row G was media only for background control). 50 pl/well of media containing TNF-a at a concentration 4 times the final
ECsp (concentration was previously determined for each lot) and 1 ug/ml of Actinomycin D was added to all sample wells except

row F. Plates were incubated for 1 h at 37°C.

[0087] At 1 h, 50 pl of the Serum/Ag complex and controls were transferred to the 96-well flat-bottom plates containing 50 pl/well
of responder cells at a fixed density (final volume= 100 pl/well) and incubated for 24 h at 37°C. (Columns 1 and 12 and rows A
and H were filled with 200 pl of media to prevent evaporation and cause edge effect.)

[0088] At 24 h, 20 pl/well of CellTiter96 reagent (Promega) was added to all test wells per the manufacturer protocol, and plates
were incubated for 2 h at 37°C. After 2 h, plates were gently shaken to allow homogeneity in the test wells. Plates were read at
490 nm wavelength. OD versus dilution were plotted using Graph Pad Prizm (non-linear sigmoid dose/response curve was used),
and functional titer was determined.

Tissue Harvesting

[0089] Rabbit spleen, lymph nodes, and whole blood were harvested, processed, and frozen as described above for hulL-6.

B Cell Culture (BCC)

[0090] B cell cultures were prepared as described for hulL-6, except cell enrichment was done using biotinylated huTNF-a.

Antigen Recognition Screening

[0091] Antigen recognition screening was performed as described above as single points.

Functional Activity Screening

[0092] Functional activity screening was performed by a WEHI cytotoxic assay. Supernatant from master plate(s) was tested in
the TNF-a stimulated WEHI cytotoxic assay (as described above) as single points. Supernatants were tested as neat according to
the following template:

Row F is media only for background control (50 pl/well).
Row G is media + TNF-a for positive cytotoxic control.

Rows B-E and columns 2-11 are the wells from the BCC (40 pl/well, single points).

[0093] 40 pl of TNF-a + Actinomycin D was added to all wells (except the media row) at 4 times the EC5p concentration

determined for the assay. After 1 h incubation, the Ab/Ag complex was transferred to a TC-treated 96-well flat-bottom plate. 20 pl
of cell suspension (WEHI at 1E06 cells/ml) was added to all wells (final volume: 100 pl/well), and the plates were incubated for 24
h at 37°C. At 24 h, CellTiter96 reagent was added per manufacturer instructions. Plates were read at 490 nm wavelength,
background was subtracted from wells, and OD values were transformed into % inhibition.

Secondary Functional Activity Assay for Recombinant Antibodies: Blocking of IL-6 Expression by HUVEC cells treated
with huTNF-a

[0094] Human umbilical vein endothelial cells (HUVECs) were routinely maintained in endothelial growth medium (EGM) medium
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and appropriated HUVEC supplements (Cambrex). On the day of the assay, HUVEC viability was determined by trypan blue. The
cells were resuspended at 5E05/ml in the appropriate volume of medium necessary for the assay (100 pl/well). Cells were plated
in middle wells of 96-well flat-bottom culture plates, and 200 pl medium was added to all outside wells to prevent evaporation. The
plate was incubated for 24 h at 37°C.

[0095] At 24 h, the appropriate antibody dilutions are made in EGM at 4x the desired final concentration. (Starting antibody
concentration was 1 ug/ml; a 1:3 dilution was performed across the plate, except for last row.) The same volume of rhuTNF-a in
EGM (4x the desired final concentration) was added to the wells. The plate was incubated for 1 h at 37°C to form the
antibody/antigen complex. At 1 h, 50 pl of media from the HUVEC culture plate was removed and discarded. 50 pl Ab-Ag mixture
was added, and the plate was incubated for 48 h at 37°C. Standard positive and negative controls were included: huTNF-a only
(column 11), medium only (No Ab/ No TNF) for background growth (row G).

[0096] At 48 h, conditioned medium IL-6 levels were assessed by ELISA. An Immulon plate was coated with 1 pg/ml goat anti-
hulL-6 at 50 pl/well, overnight at 4°C, or room temperature for 1 hour. The plate was washed in PBS + 0.5% Tween 20 in a plate
washer (200 pl/well; 3 times). The plate was blocked with 200 pl/well FSG for 1 hour at room temperature. The blocking solution
was aspirated, and the plate was blotted. The hulL-6 standard was set on rows A and B (duplicates), starting at 1 pg/ml and
diluted 1:3 across the plate (all dilutions made in FSG) leaving column 12 as blank. Samples from HUVEC culture were added to
the wells below standard curve and incubated for 1 hour at room temperature. Wash was repeated. 1 ug/ml ALD515v5 (anti-hulL-
6) was added at 50 pl/well to the plate and incubated for 1 hour at room temperature. Wash was repeated. Secondary anti-human
lgG Fc HRP at 1:5000 dilution was added at 50 pl/well and incubated for 45 minutes at room temperature. Wash was repeated.
Assay was developed with 50 pl/well 3,3',5,5' tetramethylbenzdine (TMB) for a minimum of 5 minutes. The reaction was stopped
with 50 pliwell HCI, and the plate was read at 450 nmin a plate reader. Data was analyzed using Graph Pad Prizm.

B Cell Recovery

[0097] The foci protocol was performed as described for hulL-6, except using B-huTNF-a.

Example 9: Preparation of Antibodies that Bind A3

[0098] Two forms of AB were used to generate immune responses in rabbits: AR 1-40 and AR 1-42 peptides. By using the
antibody selection protocol described herein, one can identify antibodies that selectively recognize each form of A by C-terminal
amino acid sequences unique epitope context. In addition, one can identify antibodies with potent antigen recognition in the
central region of the peptide as well as the N-terminus. The screening strategy was as follows: (1) conduct the primary BCC
screening using the antigen specific to the immunization protocol, and (2) perform selectivity screens using smaller peptides
representing the regions of interest (N-terminal (1-12), central (10-35), and C-terminal (34-40 and 36-42), respectively). The
coding sequences of the antibodies generated by the BCCs in wells identified with desired secondary screen selectivity were
recovered by using small peptide species in the recovery phase. The novel use of small peptides in this process proved highly
efficient; potent selective antibody recovery was established supporting the use of small peptides (6-mers or greater) in the foci
recovery process, especially in cases where restricted epitopes in the target antigen are desired.

Immunization Strategy

[0099] Two rabbits for each AB peptide were immunized with the following peptides obtained from Anaspec: AB 1-40, AR 1-42,
KLH-Cys-AB 1-40, and AB 1-42-KLH from American Peptide. Immunization was performed according to the procedure described
for hulL-6.

ABS Titer Assessment

[0100] Antigen recognition assay was determined by the ELISA protocol described for hulL-6, except streptavidin coated plates
(Sigma) were employed to immobilize the antigen using biotinylated peptides AB biotin-1-40 and AB biotin-1-42 at the
concentration mentioned before in 1x PBS (Hyclone) for 1 h at room temperature. The subsequent steps are described above.
Commercially available antibodies to the specific peptides were used as controls. Serum samples were screened against all
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peptides to determine titer specificity.

Tissue harvesting:

[0101] Rabbit spleen, lymph nodes, and whole blood was harvested, processed, and frozen as described above for hulL-6.

B Cell Culture

[0102] B cell culture was set as described for hulL-6, except for B cell enrichment, the following reagents and strategy were used.
For animals immunized with the AB 1-40 peptide, AB b-1-40 was used for enrichment. For animals immunized with the AB 1-42
peptide, a first pass enrichment was done using AB b-1-42, and the flow through was further enriched using AB b-1-40. Plates
were labeled accordingly to the enrichment procedure.

Antigen Recognition Screening

[0103] Plates were screened by the ELISA protocol described above, using the biotinylated peptides. Plates were primarily
screened against both AR 1-40 and AB 1-42 peptides. To further delineate the epitope location and to identify antibodies specific
to the N-terminus, central region, and the C-terminus of each peptide, peptide fragments representing each of these regions were
used in secondary screens. Once positive wells were identified, they were combined into a master plate, and further peptide
mapping was performed by an ELISA subtraction protocal.

[0104] Wells of streptavidin coated plates were coated in 1x PBS, 50 pl/well, 1 pg/ml with each of the following peptides (number
of wells coated depended on number of positive wells identified on primary screening): AR b-10-35, AB b-34-40, AB b-36-44, A3
b-38-42 (all prepared by custom synthesis; American peptide). 50 pl/ well of supernatant from positive wells were serially
incubated (1 h at room temperature) with each of the peptides coated onto the well (wells with no supernatant were filled with FSG
at each of the serial incubation). The remaining ELISA protocol was performed as described previously. Wells with the desired
antibody characteristics were selected for B cell recovery.

B Cell Recovery

[0105] Selected wells were focied as described above, except the biotinylated peptide reagent for each region was employed
with the appropriate positive specific for the region mapped by the ELISA subtraction protocol.

Example 10: Recovery of Isolated B Cell Variable Light and Heavy Chain Sequence and

Expression of Recombinant Antibody

[0106] The coding sequence for the light and heavy chain were recovered from the single B cells, which had been previously
stored at -70°C. A two step reverse transcription polymerase chain reaction (RT-PCR) process was employed. In Step 1, the RNA
encoding the areas of interest was recovered by a standard RT-based method that was subsequently amplified. Step 2 was
conducted via a nested primer PCR amplification that generates the appropriate DNA fragments for directional cloning into the
expression vector: Light chain: Hindlll/BsiWI and Heavy chain: Hindlll/Xhol. The specific sequences for this recovery process were
derived from sequence analysis of the host animal genome. A major source of novel sequence is the rabbit, as well as the mouse
and rat. The primer sequences were:

Primer SEQID {Sequence (5'to 3')

NO.

Vk sense outer 1 AG[GAJACCCAGCATGGACA[CT][CGAJA
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Primer SEQID {Sequence (5'to 3')
NO.
Vk sense inner 2
GATATCAAGCTTCGAATCGACATGGACACGAGGGCC
CCC (HindlI/Stul)
Ck anti-sense outer 3 GGA[TCJAG]G[ATIATTTATT[CTIGCCAC[GA]CACA
Ck anti-sense inner 4 TCTAGACGTACGTTTGACCACCACCTCGGTCCCTC (BsiWl)
VH sense outer 5 AGACIAG]JCTCACCATGGAGACT
VH sense inner 6 GATATCAAGCTTACGCTCACCATGGAGACTGGGC (Hindllly
Cg CH1 anti-sense 7 ACTGGCTCCGGGAGGTA
outer
Cg CH1 anti-sense 8 CGCGCGCTCGAGACGGTGACSAGGGTSCCYKGGCCCC (Xhol)
inner

[0107] Cloned cDNAs were then ligated into two distinct mammalian expression vectors (kappa light chain constant and gamma-1
(y-1) heavy chain constant) that enable expression of the recombinant light and heavy chain. These constructs were made in
frame and incorporated the natural signal sequence included in the sequence recovery. Large scale DNA preparations were
made for each expression plasmid, and transient production of full length rabbit/human chimeric antibody was conducted by
transfection using both plasmids into HEK293 cells. After 5 days in culture, the resulting cells were removed by centrifugation, and
the condition medium was tested directly for antigen recognition, or the recombinant antibody was affinity purified via Protein A
chromatography.

[0108] The antibody was then tested for antigen recognition using the ELISA method described above. In addition, for the
purified antibody, the Kq was established by a ForteBio Octect measurement. Finally, the original function-modifying properties

attributed to the particular well associated with the recovered sequence was tested.

Experimental Method for Light and Heavy Chain Sequence Recovery.

[0109] The method is based on the technology described in the manufacturer's description for the Qiagen One Step RT-PCR kit.
A common master mix was prepared and included RNasin (Promega) to prevent RNA degradation. 50 uL of RT-PCR master mix
containing 0.58 pM of each step 1 primer (Primer SEQ ID NOs.: 1, 3, 5, and 7) was added to the 250 pL eppendorf tube
containing previously recovered frozen cell and carefully mixed on ice. The One Step RT-PCR was performed with the following
cycle scheme: (1) 50°C, 30 minutes; (2) 95°C, 15 minutes; (3) 94°C, 30 seconds; (4) 54°C, 30 seconds; (5) 72°C, 1 minute; (6)
go to step 3, 35 cycles total; (7) 72°C, 3 minutes; and (8) 4°C, hold.

[0110] When these cycles were completed, the secondary PCR amplification was conducted in separate reactions to recover the
light and heavy chain variable regions using 1.5 uL of the primary RT-PCR reaction. A KOD polymerase driven amplification
(Novagen) with 0.4 pM of secondary nested PCR primers light chain (Primer SEQ ID NOs.: 2 and 4) and heavy chain (Primer SEQ
ID NOs.: 6 and 8) using the following cycle scheme: (1) 94°C, 2 minutes; (2) 94°C, 30 seconds; (3) 60°C, 30 seconds; (4) 72°C,
45 seconds; (5) go to step 2, 35 cycles total; (8) 72°C, 3 minutes; and (7) 4°C, hold.

[0111] Upon completion of the secondary amplification, 10 pL of the reaction was removed and analyzed by 2% TAE agarose gel
electrophoresis. The remaining 40 uL of the reaction were purified via Qiagen Qiaquick PCR Clean-up kit and eluted in 75 L.

[0112] These amplicons were subsequently digested with Hindlll/BsiWI in the case of light chain and Hindlll’Xhol for the heavy
chain using the following conditions: 10 pL Purified PCR product, 3 L 10x New England Biolabs restriction enzyme buffer 2, 0.5
pL Hindlll (5U), and 0.5 pL BsiWl (5U) or 0.5 ulL Xhol for 60 minutes at 37°C followed by 30 minutes at 55°C. The digests were
purified via Qiagen Qiaquick PCR method. These were subsequently ligated into the appropriate expression vector. 2 pL of this
reaction was then used to transform either TOP10 (Invitrogen) or XL-10 (Stratagene), and the transformed cells were plated on
LB/Kanamycin (50 pg/mL).

[0113] The resulting colonies were screened for inserts via a PCR screening method employing the following primers:
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Primer SEQ ID NO. Sequence (5'to 3')
Vector 9 GCGCGCCACCAGACATAATAGCT
Heavy Chain 10 AGCCCAAGGTCACCGTGCTAGAG
Light Chain 11 GTATTTATTCGCCACACACACACGATG

[0114] Colonies were picked into 60 pL LB/kanamycin and incubated for up to 30 minutes. At 30 min, approximately 1 uL was
removed and used in a standard 30 yL KOD amplification reaction (Novagen) containing 2 uM of the primer pair SEQ ID NOs.:
9/10 for the heavy chain and SEQ ID NOs.: 9/11 for the light chain. The amplification scheme was as follows: (1) 96°C, 2 minutes;
(2) 96°C, 20 seconds; (3) 68°C, 25 seconds; (4) go to 2, repeat for 40 cycles total; and (5) 68°C, 2 minutes.

[0115] 5 pL was removed and analyzed on 2% agarose. Following confirmation of a correct variable region insert, 5 pL of each
reaction was digested with Alu1 (New England Biolabs) in New Biolabs restriction enzyme buffer 2 in 10 pL final volume and
analyzed on 4% TAE agarose gel electrophoresis. A unique Alu pattern was identified from each well that is recovered. These
were subsequently processed for sequence characterization.
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Krav

1. Fremgangsmade til at identificere en B-celle, som udskiller et antigen-specifikt antistof,
fremgangsmaden omfatter:

(a) at hgste B-celler fra en immuniseret kaninvaertsorganisme;

(b) at berige de hgstede kanin B-celler for at gge meengden af B-celler, som er
specifikke for neevnte antigen, ved hjeelp af affinitetsoprensning af antigen-specifikke
B-celler ved anvendelse af et antistof fastgjort direkte eller indirekte til en fast matrix
eller stotte, og derved at danne en beriget B-celle population;

(c) at dyrke en eller flere underpopulationer af celler fra naevnte berigede kanin B-celle
population under betingelser, der favoriserer overlevelsen af en enkelt B-celle, for at
producere en klonet population i mindst én kulturbrend;

(d) at bestemme hvorvidt naevnte dyrkede underpopulation producerer et antistof, der er
specifikt for naevnte antigen, for derved at identificere en eller flere antigen-positive
underpopulationer; og

(e) at bestemme hvorvidt en enkelt kanin B-celle producerer et antistof, der er specifikt
for nzevnte antigen, ved hjzelp af en fremgangsmade omfattende:

(i) at isolere en eller flere enkelte kanin B-celler fra en eller flere af neevnte
antigen-positive underpopulationer i trin (d);

(i) at tilvejebringe et immobiliseret antigen omfattende en matrix eller fast stgotte,
hvortil naevnte antigen er blevet direkte eller indirekte fastgjort;

(i) at inkubere en enkel kanin B-celle med nzevnte immobiliserede antigen;

(iv) at inkubere naevnte immobiliserede antigen med et fluoroformaerket, sekundeert
antistof, hvori naevnte sekundeere antistof er et veertsorganisme-specifikt anti-
immunoglobulinantistof, som binder antistoffer fra veertsorganismen i trin (a), for
derved at detektere hvorvidt et antistof, der er udskilt af naevnte enkelte B-celle,
er bundet til neevnte immobiliserede antistof; og

(v) at identificere en B-celle som udskiller et antistof, der er specifikt for neevnte
antigen, ved hjxelp af en fluorimetrisk test, som detekterer antistof-antigen
komplekser dannet ved siden af den udskillende celle.

2. Fremgangsmade ifolge krav 1, hvori naevnte immobiliserede antigen omfatter antigen-
fyldte perler.
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Fremgangsmade ifelge krav 1, hvori trin (a) omfatter at hgste B-celler fra mindst én kilde
valgt blandt milt, lymfekirtler, knoglemarv, og mononukleare celler fra perifert blod, og

fortrinsvis poole neevnte B-celler fra neevnte mere end én kilde.

Fremgangsmade ifolge krav 1, yderligere omfattende at isolere eller at sekventere en
nucleinsyre, der koder for en antistofkaede, eller fragment deraf fra neevnte individuelle
B-celle, der er bestemt til at producere et antistof, der er specifikt for antigenet i trin (e),
og at udtrykke et polypeptid, der er kodet af naevnte nucleinsyre i en rekombinant celle,
fortrinsvis en geer-, bakterie-, plante-, insekt-, amfibiedyrs - eller pattedyrscelle.

Fremgangsmade ifelge krav 4, hvori nasvnte rekombinante celle er diploidgaer, fortrinsvis
Pichia.

Fremgangsmade ifolge krav 1, yderligere omfattende at immunisere vaertsorganismen
med antigenet for trin (a).

Fremgangsmade ifglge krav 6, hvori trin (a) omfatter at hgste B-celler fra
veaertsorganismen ved omkring 20 til omkring 90 dage efter naevnte immunisering, eller

omkring 50 til omkring 60 dage efter nezavnte immunisering.

Fremgangsmade ifglge krav 1, hvori vaertsorganismen er blevet naturligt udsat for
antigenet for trin (a).

Fremgangsmade ifglge krav 1, hvori trin (b) omfatter affinitetsoprensning af antigen-
specifikke B-celler ved anvendelse af et antistof fastgjort direkte eller indirekte til en fast
matrix eller statte, som er magnetiske perler eller en kolonne.

Fremgangsmade ifglge krav 9, hvori antigenet, som er direkte eller indirekte fastgjort il
en solid matrix eller stotte, er biotinyleret og er fastgjort til matricen eller stotten via
streptavidin, avidin eller neutravidin.

Fremgangsmade ifglge krav 1, hvori underpopulationen i trin (c) ikke omfatter mere end
omkring 10.000 antigen-specifikke antistof-udskillende celler, eller omfatter omkring 50
til omkring 10.000 antigen-specifikke antistof-udskillende celler, eller omkring 50 til
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omkring 5.000 antigen-specifikke antistof-udskillende celler, eller omkring 50 til omkring

250 antigen-specifikke antistof-udskillende celler.

Fremgangsmade ifglge krav 1, hvori underpopulationen i trin (c) dyrkes i et medium

omfattende fgdeceller, fortrinsvis EL4B-celler.

Fremgangsmade ifalge krav 1, hvori underpopulationen i trin (c) dyrkes i et medium
omfattende aktiveret T-celle konditioneret medium, fortrinsvis et medium omfattende
mellem omkring 1% og omkring 5% aktiveret kanin T-celle konditioneret medium.

Fremgangsmade ifalge krav 1, hvori underpopulationerne i trin (c) dyrkes i mindst 3
dage, mere fortrinsvist i mellem omkring 3 dage og omkring 5 dage, eller dyrkes i mindst

en uge.

Fremgangsmade ifglge krav 1, yderligere omfattende at bestemme hvorvidt naevnte
dyrkede underpopulationer i trin (¢) producerer et antistof, som udviser agonisme eller
antagonisme for antigenbinding til en bindingspartner; induktion eller inhibition af
proliferation af en specifik type targetcelle; induktion eller inhibition af en targetcelles
lysering; eller induktion eller inhibition af en biologisk sti, som involverer antigenet.

Fremgangsmade ifelge krav 1, yderligere omfattende at bestemme
antigenbindingsaffiniteten af et antistof, der er produceret af naevnte dyrkede
underpopulation i trin (c).
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