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Silence Assessment of Human CD8⍺ Specific Antibodies

Humanization and Screening of Silent CD8 Antibodies

CD8-targeted IL-12 improves cytotoxicity of 
Tumor-Specific T cells

CD8-targeted IL12 is selective at inducing pSTAT4 on CD8+ T cells

CD8+ T cells are essential mediators of the anti-tumor response in pre-clinical models of cancer and have been strongly
linked clinically to patient responses. Therapies aimed at increasing CD8 T cell function are a highly rational strategy to
improve immuno-therapies. Targeting the CD8 receptor to drive biodistribution of immune stimulating payloads to CD8+ T
cells directly using antibody-based therapeutics takes advantage of the abundant expression of CD8 receptor to achieve cell
type-specific payload delivery on cytotoxic T cells and avoid potential toxicities associated with other immune cells.
Controlling the biodistribution of potent cytokines to CD8+ T cells holds the promise of navigating dose-limiting toxicities
associated with therapeutic administration of powerful immune-stimulating cytokines like IL-12, IL-2 and IL-15.

Here we describe selection of anti-human-CD8 antibodies suitable as targeting agents. We designed a discovery campaign to
identify high-affinity antibodies that do not alter the native pMHC-TCR signaling of CD8+ T cells, thus making them
biologically “silent” binders. To generate CD8-specific hybridoma fusions, mice were immunized with human CD8α. We
developed a suite of bioassays to evaluate effect of CD8 binders on T cell activity. These assays include proximal (TCR-pMHC
binding), intermediate (TCR-induced phospho-ERK), and downstream T cell responses (cytotoxicity). We identified two
biologically silent antibodies suitable for further therapeutic development with CD8-targeted immune modulators.
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variant #
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WT 0 65.7

1 14 78.7

2 15 79.8

3 18 81.9

4 21 85.1

Effect of CD8 antibodies on MART-1 tetramer binding to MART-1 specific T cells 3.                                        Effect of purified CD8 mAbs on TCR signaling

Figure 5: Humanization of CD8 mAb 02A01. The variable regions (VH and VK) of the murine anti-human
antibody 02A01 were aligned with the closest human germline hit to allow for mutation of the structurally
unimportant framework (FW) residues to match the human germline. 6 humanized variants of the VH and 4
humanized variants of the VK region were generated, ranging in # of human framework mutations and
corresponding “humanness.” 24 humanized variant antibodies were created by matrixing the 6 VH and 4 VK
sequences, and evaluated for preservation of parental clone binding characteristics (Figure 6)
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02A01 0.047 ± 0.023 0.075 ± 0.010

03A01 0.860 ± 0.101 1.77 ± 0.20

05F10 0.242 ± 0.058 39.8 ± 3.73
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Figure 1: CD8 antibodies can block T cell signaling. CD8 binds and
stabilizes a complex comprising a class I major histocompatibility complex
(MHC), a peptide presented by the class I MHC, and a T cell receptor
(TCR) that binds to the peptide-MHC complex. CD8 is required for
functional class I MHC-TCR signaling, which is mediated by, among other
pathways, the Ras- ERK1/2 pathway that activates AP-1 transcription
factor and the inositol triphosphate-Ca2+ pathway that activates NFAT
transcription factor. These signaling pathways then lead to T cell
proliferation, differentiation, and effector functions, but commercially
available CD8 antibodies have been show to block these functions.

Figure 2: A bar graph depicting the ability of the indicated hybridoma supernatant to interfere with binding of MART-1-MHC
tetramers to MART-1- specific T cells. Antibody SK1 was used as a representative anti-CD8 antibody that interferes with CD8
function. Five of the tested hybridoma pools (02A01, 03A01, 02A04, 10A06, and 17B09) did not inhibit tetramer binding.
Additional hybridoma pools (e.g., 11A07, 15B02, and 11F05) only minimally impacted tetramer binding. Various pools were
scaled up for antibody purification and further screened for silence assays.
n = 2; mean ± SD.
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Figure 3A) CD8 antibodies interference with
Tetramer binding to MART-1 specific T cells.
Antibody interference with binding of MART-1-
MHC tetramers to MART-1 T cells: MART-1 T
cells were incubated with fluorescently-labeled
MART-1 tetramer alone (“tetramer”) or in
combination with a saturating concentration of
the indicated anti- CD8 antibody, and results
were analyzed by flow cytometry. SK1 antibody
is included as a positive control for tetramer
blocking. Results represent the percentage of
CD3+ cells that are tetramer-positive. n = 2;
mean ± SD.

Phospho-ERK Signaling Cytotoxicity of Tumor-
specific T cells

Figure 4: Three high affinity, cynomolgus monkey cross-reactive, silent CD8
antibodies were titrated on A) human T cells and B) cyno T cells to evaluate their
apparent binding affinity (Table 1). The humanized anti-CD8 antibodies 02A01,
03A01, and 05F10 were evaluating binding to CD8+ T cells. In short, binding to human
CD8+ T cells was tested at 7 serial 5-fold dilutions of each CD8 antibody. Data were
quantified and reported as Median fluorescence intensity (MFI) of human IgG-Fc
detection antibody. Apparent binding affinity (KD) values for T cell binding were
determined with GraphPad Prism 7.0 using 4-Parameter logistic regression. n = 2;
mean ± SD.

Table 1

Goal: To identify novel CD8 antibodies that do not interfere with T Cell
Receptor Signaling for therapeutic administration of potent cytokines

• anti-human CD8 antibodies were evaluated in their ability to interfere
with TCR signaling, for CD8+ T cell binding affinity and Cynomolgus
monkey cross-reactivity

• Humanized, high affinity, biologically “silent” CD8 antibodies were
screened for T cell binding affinity to find humanized variants that did
not significantly differ in affinity from the parental clone

• Multiple antibody-based scaffolds, with varying binding affinity and
payload valency were tested for in vitro potency and specificity to
human CD8+ T cells and were showed to improve CD8+ T cell
cytotoxicity

Figure 6: Screening of humanized variants of CD8 mAB 02A01: The 24 humanized 02A01-derived anti-CD8 antibodies were screened for their ability to
bind human CD8 by evaluating binding to CD8+ T cells. The non-humanized parent (02-Parent) was used as a control. A) Single concentration screening of
humanized variants. 30 x 104 human CD8+ T cells were incubated with a 0.2 nM concentration of a humanized 02A01 antibody variant for 30 minutes at
room temperature. Cells were washed with PBS/BSA and then stained with DyLight650-conjugated anti-human IgG H+L. Data were quantified and
reported as Median fluorescence intensity (MFI) of human IgG-Fc. The humanized antibodies, excluding those comprising VH5, exhibited comparable or
moderately decreased binding relative to the non-humanized parent antibody. Complete replacement of the HCDR1 (antibodies comprising VH5)
eliminated binding to the CD8+ T cells. B) Apparent binding affinity of humanized CD8 mAbs: 14 of the humanized anti-CD8 antibodies to human CD8
were determined by evaluating binding to CD8+ T cells using the method described above. Binding to human CD8+ T cells was tested at 7 serial 5-fold
dilutions of each tested humanized 02A01 variant (from 50 nM to 3.2 pM). Apparent binding affinity (KD) values for T cell binding were determined with
GraphPad Prism 7.0 using 4-Parameter logistic regression.

Constructs CD8+ T CD4+ T NK CD8+ T/NK 
ratio

rIL12 0.0196 0.00874 0.0271 1.38

02A01 IgG-IL12 (LC) 0.00272 0.0229 0.0173 6.36

02A01 IgG-IL12 (HC) 0.00303 0.0227 0.0156 5.15

02A01 Fab-IL12 0.00174 0.0203 0.0127 7.30

02A01 Fab-Fc single arm IL12 0.00211 0.0290 0.0196 9.29

pSTAT4 Signaling EC50 (nM)

Figure 8: pSTAT4 signaling in huPBMCS with various CD8-targeted IL12 antibody scaffolds. Four anti-hCD8-IL12 fusion
proteins were tested for their ability to selectively induce pSTAT4 signaling in CD8+ T cells in comparison to recombinant
IL12. Human PBMCs were pre- activated by treatment with anti-human CD3/CD28 Dynabeads and recombinant hIL-2 for 3
days at 37℃. 2 x 105 pre-activated PBMCs were incubated with various concentrations of either recombinant hIL-12 or an
02A01-derived IL12 fusion protein for 20 min. at 37℃. The cells were washed twice and stained with antibodies against
surface markers for 20 minutes at room temperature. The cells were then fixed with Cytofix buffer (BD), permeabilized
with Perm Buffer III (BD), stained with anti- phospho-STAT4 antibody, and analyzed via flow cytometry. Results are
reported as MFI values of phospho-STAT4 on CD4+ T cells, CD8+ T cells, and NK cells for A) recombinant IL12 and B) CD8-
IgG-IL12 (LC). EC50 (nM) values for all tested constructs are reported in Table 4.

Figure 8: CD8-IL12 improves cytotoxicity of Tumor specific T cells in vitro
Tumor specific T cell-mediated killing of tumor cells in vitro was evaluated in
the presence of the indicated antibody, antibody fragment, protein, or fusion
protein construct to reduce or enhance T cell-mediated killing of tumor cells
in vitro. SK-MEL-5 tumor cells and MART-1 T cells were combined at a 1:1
ratio and co-cultured in the presence of recombinant human IL-12, 02A01-
Fab-IL12 (LC), 02A01-Fab-Fc-IL12 (LC), 02A01-IgG-IL12 (LC), 02A01 Fab alone,
02A01 IgG alone, SK1 + control blocking antibody, or in the absence of added
protein (untreated). Results are reported as the percentage of surviving
tumor cells relative to a no-T-cell control. n = 3; mean ± SD.
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Table 4: 

3B) Antibody interference with phospho-
ERK signaling in MART-1 T cells: MART-1
T cells were incubated with MART-1
tetramer alone (“untreated”) or in
combination with a saturating
concentration of the indicated anti- CD8
antibody, and results were analyzed by
flow cytometry. Antibody SK1 was used
as a representative anti-CD8 antibody
that interferes with CD8 function. Results
represent the percentage of lymphocytes
that are phospho-ERK-positive. n = 3;
mean ± SD.

3C) Antibody abrogation of T-cell
mediated killing: MART-1 T cells and SK-
MEL-5 tumor cells were combined at a
2:1 ratio and co-cultured in the
presence of a saturating concentration
of the indicated anti-CD8 antibody, or in
the absence of added antibody
(“untreated”). Antibody SK1 was used as
a representative anti-CD8 antibody that
blocks cytotoxicity. Results are reported
as the percentage of surviving tumor
cells relative to a no-T-cell control. n = 2;
mean ± SD.
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Figure 7: Schematic representations of high affinity CD8-targeted-IL12 fusion proteins A,C,D) single chain human
IL12p70 fusion to C-terminus of the light chain (LC) of the anti-human CD8 fab fragment B) single chain human IL12p70
fusion to C-terminus of the heavy chain (HC)
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Schematic Representations of CD8-targeted IL12 fusion proteins Phospho-STAT4 stimulation of huPBMCs
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