Novel Antagonistic and Agonistic Monoclonal
Antibodies to CD6

Using Abeome’s novel transgenic mouse antibody discovery platform, we have rapidly
obtained functional, high affinity antibodies against human CD6. Transgenic mouse B-cells
expressing affinity-matured anti-CD6 surface antibody were directly selected, and recombinant
chimeric antibodies were immediately cloned and screened for CD6 binding. Novel antibodies
were discovered which block the CD6-ALCAM interaction, the CD6-CD318 interaction, both, or
neither. Many antibodies were able to decrease IFN-gamma and IL-10 secretion on PBMCs,
whereas two antibodies appear to stimulate IFN-gamma and IL10- secretion. The further in vitro
and in vivo evaluation of these lead molecules should support a valid clinical development path.
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I.

CD6

CD6 is a type I transmembrane glycoprotein found on the surface of mature T lymphocytes
(1). Similar to CD28, CD6 stimulation enhances anti-CD3 induced T cell proliferation in vitro (2,3).
The extracellular region of CD6 contains three domains that show structural homology to proteins
of the scavenger receptor cysteine-rich (SRCR) superfamily (1). The membrane proximal Domain
3 includes the binding site for activated leucocyte cell adhesion molecule (ALCAM/CD166), a
natural ligand of CD6 and part of the Ig superfamily (4). More recently, an additional CD6 ligand,
CD318, has been discovered, which binds to the membrane distal Domain 1 (5,6).
Several genetic studies have linked CD6 gene polymorphisms to multiple sclerosis (7,8). In
addition, CD6 may play a key role in psoriasis, rheumatoid arthritis, and Sjogren’s syndrome (912). Thus, CD6 represents a potentially attractive cell surface target for many T cell driven
autoimmune diseases.
II.

Abeome Antibody Discovery Platform: AbeoMouseTM

We have developed a novel transgenic mouse system (AbeoMouseTM) allowing for the
direct selection of antigen-specific B-cells, paired with single-cell antibody gene cloning and
screening. The AbeoMouseTM produces a 45-fold increase in surface immunoglobulin (Ig) positive
antibody secreting cells and an accelerated immune response. Abeome’s screening platform
allows 1,000 times more affinity matured monoclonal antibodies to be isolated from a single
AbeoMouseTM than by conventional technology. In contrast to other current antibody technologies,
this platform allows for the enrichment and rapid cloning of specific, high-affinity chimeric
antibodies against a target of interest. With this modular system, cloned variable regions (Vregions) may be swapped between multiple human Ig isotypes for empirical comparison of stability,
affinity and functional potency, or to suit the specific therapeutic modality or effector function.
Specifically, the transgenic AbeoMouseTM has been engineered to constitutively express
multiple genes, including the Igα/Igβ B-cell receptor proteins, resulting in a hyper immune response
and surface antibody expression during all stages of B cell differentiation (Fig.1). This enables the
selection and sorting of antigen specific B-cells producing the most affinity matured antibodies, and
this technology platform has been applied to obtain antibodies against a diverse set of antigens,
including but not limited to whole cells, peptides, glycoproteins, viral envelope proteins and mouse
proteins, typically producing chimeric leads with low picomolar dissociation constants.
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FIGURE 1. The transgenic AbeoMouseTM platform.
A novel antibody discovery platform that generates mature B cells with high surface IgG
expression, allowing for the direct selection and cloning of antigen-specific B cells

III.

Immunization With Human CD6 Extracellular Domain

Six AbeoMiceTM 11-14 weeks of age were pre-bled to obtain baseline serum antibody levels
and immunized subcutaneously or intraperitoneally (SQ or IP) with recombinant human CD6 with a
C-terminal Fc tag (Met1-Glu398; Sino Biological) in a proprietary adjuvant. Booster injections were
given every 14 days. Blood samples were taken and serum titers determined 7 days after each
booster injection (Fig. 2, Table 1).

FIGURE 2. Immunization timeline for generating anti-CD6 antibodies
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Table 1. Immunization and titer summary of mice immunized with CD6.

CD6 Immunization Summary
Injections
Mouse Protein

Sex

DOB

Titers

Age at
Start Route Route Route Route
Initial Boost Boost Boost 3

Titer 1

Titer 2

Titer 3

8571 CD6 - FC Tag

F

6/12/2018

14w

IP

IP

IP

NA

1,093,500 8,192,000

NA

4622 CD6 - FC Tag

M

7/3/2018

11w

IP

IP

IP

IP

1,093,500 2,048,000

NA

4065 CD6 - FC Tag

F

6/26/2018

12w

IP

IP

IP

IP

4071 CD6 - FC Tag

M

6/26/2018

12w

SQ

SQ

SQ

NA

4614 CD6 - FC Tag

F

7/3/2018

11w

SQ

SQ

SQ

SQ

IV.

2,048,000

NA

1,093,500 2,048,000

NA

364,500

364,500

512,000

512,000

Harvest and Single Antigen-Positive Cell Sorting (Mouse #8571)

As a representative example of this campaign, mouse 8571 yielded 28 lymphoid tissue
samples and bone marrow (Figure 3) which were harvested, processed, and pooled into a single
suspension of lymphoid cells (8.9 x 108 cells). Erythrocytes were removed and resulting
lymphocytes were depleted of cells expressing IgM antibodies by immuno-magnetic separation.

FIGURE 3. Lymphoid organs
harvested from mouse 8571 and
processed into a single cell
suspension for FACS (fluorescent
activated cell sorting). Abeome’s
transgenic mice have an enhanced
immune response, greatly enlarged
lymphoid organs (left), and typically
an order of magnitude increase in
the number of plasmacytes.
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FIGURE 4. Single cell FACS sorting of lymphocytes expressing antibody to human CD6
The direct selection of cells surface-expressing anti-CD6 antibodies is accomplished by staining
harvested B cells with fluor-labeled recombinant human CD6 and a polyclonal antibody recognizing
mouse surface immunoglobulin. Double-positive cells (red box) are sorted at 1 cell/well into 96 well
plates for RT-PCR and cloning.
V.

High-Throughput Screening of CD6 Antibodies

After cell sorting, thirteen 96-well plates of single B cells, comprising over 1,000 antibodies,
were subjected to nested RT-PCR using heavy and light chain variable region specific primer sets.
Amplified V-regions were then fused with mammalian expression promoters and human Fc chains
(IgG4 and kappa constant regions) by overlap PCR, generating transcriptionally-active PCR
products. These individual paired heavy and light chain PCR products were transfected into
HEK293 cells to generate supernatants containing secreted chimeric antibodies and which were
subsequently screened for binding to CD6-Fc by ELISA. A representative set of screening data is
shown (Fig. 5), which identified many antibodies positive for CD6 binding, but did not bind to a
control human Fc protein. In total, we isolated and cloned nineteen chimeric monoclonal
antibodies that bind strongly to human CD6. Binding of the chimeric monoclonal antibodies,
designated ABM417-435, to human CD6 is shown in Figure 6.
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FIGURE 5. Representative ELISA screening data for anti-CD6 chimeric antibodies.
Representative data from high-throughput screening of >1,000 novel antibodies revealed many
candidates with strong binding to human CD6.

FIGURE 6. ELISA Binding of anti-CD6 Chimeric Monoclonal Antibodies

VI.

Identification of anti-CD6 mAbs with Functional Properties

Human PBMC can be stimulated by immobilized anti-CD3 to produce IFN and IL-10 in the
presence or absence of exogenous ALCAM co-stimulation (13). When treated with Itolizumab, an
anti-CD6 humanized antibody, IFN and IL-10 levels from stimulated PBMC were reduced by 48%
and 25%, respectively. In addition, in a PBMC stimulation model of Th17 polarization, treatment
with Itolizumab reduced the surface expression of CD25 on both Th17 polarized and nonpolarized, co-stimulated T cells (12). Based on these published studies, we hypothesized that
agonistic or antagonistic anti-CD6 antibodies would modulate cytokine levels in PBMC cultures in
the context of anti-CD3 activation.
To test this hypothesis, we stimulated PBMCs from two donors with plate-bound anti-CD3
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(OKT3) in the presence of soluble or bead-bound anti-CD6 antibodies. At 96 hours, the culture
supernatant was harvested and tested for IFN and IL-10 by ELISA. When anti-CD6 antibodies
were present in soluble form (Fig. 7A, 7B), several of these showed antagonistic (e.g., ABM423,
ABM424) activity on anti-CD3 activation of PBMCs. In contrast, two antibodies, ABM417 and
ABM433, appeared to show agonistic or co-stimulatory activity with anti-CD3 with the second
donor when treated in soluble form (Fig. 7A, right panel) or bead-bound presentation (Fig. 7C).
VII.

CD6 Ligand Competition Studies
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FIGURE 7. Modulation of PBMC activation by novel anti-CD6 antibodies
PBMCs from two donors were activated with plate-bound anti-CD3 for 96 hours, in presence or absence of anti-CD6
antibodies. At 96 hours, supernatants were assayed for IFN and IL-10 levels. A) IFN levels and B) IL-10 levels
expressed as fold change from anti-CD3 only control in two different PBMC donors treated with soluble anti-CD6
antibodies. Panel C) IFN and IL-10 levels from one donor stimulated with anti-CD3 and treated with bead-bound antiCD6 antibodies.
ABM423 most potently decreased IL10 and IFN-gamma secretion in PBMCs, and was humanized into ABM423.1. By
ELISA ABM423.1 retained 100% of the binding activity of ABM423. Both ABM423 and ABM423.1 were retested for
inhibition, while ABM433 was retested for activation using the same donor (Donor #011619A).

FIGURE 8. Modulation of PBMC activation by novel anti-CD6
In a replication experiment, PBMCs from donor 2 were activated with plate-bound anti-CD3 for 96 hours, in presence or
absence of anti-CD6 antibodies. At 96 hours, supernatants were assayed for IFN and IL-10 levels. A) IL-10 levels and
B) IFN levels expressed as fold change from anti-CD3 only control.

ABM433 continues to trend with an increase in cytokine secretion suggesting possible agonistic
activity, while ABM423 and ABM423.1 show decreased cytokine secretion suggestive of
antagonistic activity.
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SUMMARY TABLE
A total of 19 antibodies were tested for their binning with Itolizumab, blocking of the CD6-ALCAM interaction, blocking of
the CD6-CD318 interaction, and of their ability to increase or decrease cytokine secretion when used to treat PBMCs.
As summarized above, a variety of binding characteristics, affinities and activities on PBMCs were revealed.
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