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Abstract

STING pathway agonism has emerged as a potential therapeutic strategy to stimulate anti-tumor immune
responses. We have previously shown that tumor cell-targeted antibody-drug conjugates (ADCs) carrying a
novel STING agonist induce anti-tumor activity without causing substantial elevations in systemic cytokine
levels, thus suggesting a therapeutic advantage of STING agonist ADCs relative to unconjugated agonists.
ADCs constitute a proven therapeutic modality that is ideally suited to enable systemic administration and
delivery of the conjugated drug to desired cell types within the tumor microenvironment. In addition to
delivering STING agonist into the antigen-expressing tumor cells, antigen-bound ADCs deliver STING
agonist to tumor-resident myeloid cells through Fcy receptor (FcyR)-mediated internalization. In this study
we investigated the mechanism of FcyR-mediated internalization of the tumor cell-targeted STING-agonist
ADCs into myeloid cells and the nature of the subsequent STING pathway activation. We developed flow
cytometry-based assays to determine the changes in FcyRIl, FcyRIl, and FcyRIll cell surface detection
levels in the presence of ADCs specifically designed to be either proficient or deficient in FcyR-binding.
Combined with functional assays based on co-culture of cancer cells and FcyRI knock out myeloid cells, we
identified FcyRI as the major Fcy receptor that mediates target-bound ADC internalization into myeloid cells
in vitro. Even though FcyRI is expressed only by a subset of CD11b+ myeloid cells, tumor cell-targeted
ADCs induce greater production of interferons and other cytokines and more potent cancer cell killing than
CD11b-targeted-ADCs, which deliver STING agonist into FcyRI- (non-productive) as well as FcyRI+
(productive) myeloid cells. Finally, we demonstrate that myeloid cells within dissociated primary human
tumors from multiple donors express FcyRI and are capable of tumor cell killing in response to tumor cell-
targeted STING agonist ADCs in vitro. In summary, our data indicate that the ADC-mediated delivery of a
STING agonist specifically into FcyRI-expressing myeloid cells efficiently activates innate immune
responses in the most relevant immune cell types within the tumor microenvironment.
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Tumor cell-targeted STING-agonist ADCs induce STING pathway in
myeloid cells in an Fc- and antigen-dependent manner
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Figure 2. Tumor cell-targeted STING-agonist ADCs activate STING pathway in THP1 IRF3-Luciferase reporter cells in
an Fc- and antigen-dependent manner. THP1 IRF3-Luciferase cells were (A) co-cultured with cancer cells expressing the
antigen or (B) cultured on recombinant antigen-coated plates in the absence of cancer cells and treated with tumor antigen-
targeted ADC with wt or mutant Fc, a non-binding control ADC, and free payload for 24 hours and Luciferase activity (as
proxy for STING pathway activation downstream of IRF3 activation) was measured. Targeted ADC with wt Fc induced potent
IRF3 reporter activity in THP1 cells. Neither the targeted ADC with mutant Fc nor the control ADC had significant activity,
demonstrating that STING pathway activation in THP1 cells by the tumor cell-targeted STING-agonist ADC requires both
FcyR-binding and antigen-binding.
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Figure 3. Antigen-bound tumor cell-targeted ADCs are internalized into myeloid cells and lead to significant reduction
in Fcy-RlI cell surface detection levels. (A) Depiction of flow cytometry-based ADC internalization assay. (B) THP1 cells were
treated with FITC-conjugated targeted-ADC with wt or mutant Fc, or non-binding control-ADC for 5 hours, washed and stained
with PE-anti-FITC antibody (non-quenching) followed by flow cytometry analysis. Frequency of FITC+ cells were similar with
Fc-wt targeted-ADC and control-ADC regardless of the antigen, however frequency of PE+ cells was significantly reduced only
with the targeted-ADC treatment in the presence of antigen. Fc-mutant targeted-ADC (FITC-conjugated) did not bind to THP1
cells, demonstrating that tumor cell-targeted ADCs are internalized into myeloid cells in an antigen and Fc-dependent manner.
(C) THP1 cells were treated with the indicated test articles for 7 hours +/- antigen and stained with anti-Fcy-RI (CD64) and anti-
Fcy-RIl (CD32) antibodies followed by flow cytometry analysis. Fcy-RIl but not Fcy-RIl cell surface detection levels were
significantly decreased with Fc-wt targeted-ADC treatment in the presence of antigen, suggesting that Fcy-RI is the major
receptor mediating internalization of the targeted-ADCs into myeloid cells. Similar results were obtained with PBMCs.

* Populations shown were gated on single/live cells.

RESULTS

Tumor cell-targeted STING agonist ADC activity is
impaired in Fcy-Rl knock out THP1 cell / cancer cell co-cultures
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Figure 4. Tumor cell-targeted STING-agonist ADC activity is significantly impaired in Fcy-RlI KO THP1 cell and cancer
cell co-cultures despite intact Fcy-RIl expression. (A) Flow cytometry analysis of Fcy-RI (CD64) and Fcy-RIl (CD32)
expression in THP1 wt and Fcy-RI (CD64) KO cells. THP1 Fcy-RI KO cells were generated using CRISPR/CAS9 and the Fcy-
RI negative population was sorted and further expanded for analysis. (B) IRF3-Luciferase reporter assay. Cancer cells were
co-cultured with THP1 wt or Fcy-RI KO cells in the presence of the indicated test articles for 24 hours and luciferase activity
was measured. Targeted ADC induced robust luciferase activity only in the THP1 wt cells, indicating that Fcy-RI plays an
important role in the internalization of the tumor cell-targeted STING-agonist ADCs into myeloid cells.

Delivery of STING agonist specifically into the Fcy-Rl-expressing subpopulation
of myeloid cells via a tumor cell-targeted ADC elicits potent anti-tumor activity
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Figure 5. Tumor cell-targeted STING-agonist ADCs exhibit superior cytokine induction and cancer cell killing activity
in cancer cell and white blood cell (WBC) co-cultures compared to CD11b-targeted ADC, which delivers STING agonist
into all myeloid cells. (A) Flow cytometry analysis of Fcy-RI (CD64) and CD11b expression on fresh human WBCs. (B)
Cancer cells expressing nuclear-restricted mKate protein were co-cultured with WBCs in the presence of tumor cell-targeted or
CD11b-targeted ADCs, as well as control-ADCs followed by IncuCyte analysis. %Red object confluency at 84 hours was
normalized to T=0. Supernatants (24 hours) were collected from sister plates for CXCL10 and TNF-a analysis by Luminex
assay, and IFN-A1/ A3 analysis by an ELISA assay. Similar results obtained with WBCs from multiple donors.

Myeloid cells within dissociated tumor cells express Fcy-Rl and can induce
killing of cancer cells with tumor cell-targeted STING agonist ADC treatment
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Figure 6. Dissociated tumor cells (DTCs) express Fcy-Rl and induce killing of cancer cells in co-cultures. (A) Flow

cytometry analysis of Fcy-RI expression within DTCs. (B) Frozen DTCs from two different tumors were thawed and co-cultured
with cancer cells (expressing nuclear-restricted mKate protein) and treated with the indicated test articles (ADC concentrations
shown are based on payload). Plates were scanned in an IncuCyte instrument and the % red object (cancer cell) confluency was
plotted against time. Tumor cell-targeted ADCs induced robust killing of cancer cells in co-cultures of DTCs from both donors
tested.
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Tumor cell-targeted STING agonist ADCs induce STING pathway in fresh
human tumor fragments ex-vivo
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Figure 7. Tumor cell-targeted STING agonist ADCs with wt or mutant Fc induce STING pathway in fresh human tumor
fragment cultures ex-vivo. Fresh human tumor tissue were collected and portions of them were processed into FFPE to
determine target expression by immunohistochemistry staining (A). The tissue was mechanically processed without
dissociation and the fragments were pooled to preserve heterogeneity. An aliquot of the pooled fragments was dissociated and
stained for immunophenotyping and Fcy-RI expression by flow cytometry (B). Rest of the fragments were evenly distributed to
96 well plates and treated with the indicated test articles for gene expression analysis by NanoString (C) or cytokine analysis by
Luminex (D) assays. PMA-lonomycin treatment was included as a control for immune cell activation. Tumor fragmentation,
immunophenotyping, and treatment of tumoroid cultures was performed by Nilogen Oncosystems. Both wt and Fc-Mutant
targeted-ADCs induced similar gene and cytokine induction profiles (tumor intrinsic STING activation). Targeted-ADCs induced
type | interferons but not TNF-a in these cultures. Better cytokine induction was observed in Tumor #2 with higher frequency of
Fcy-RI+ cells compared to Tumor#1; however, a correlation cannot be made due to very small sample numbers.

CONCLUSIONS

¢ Anti-tumor activity of tumor cell-targeted STING agonist ADCs involves activation of STING pathway
in both myeloid cells and tumor cells.

% In this study we have demonstrated:
« Fcy-RIl is the major receptor that mediates internalization of antigen-bound tumor-cell targeted
ADCs into myeloid cells in vitro.

« Delivery of STING agonist specifically into Fcy-RI-expressing subpopulation of myeloid cells via a
tumor cell-targeted ADC induces STING pathway more effectively compared to delivery into all
myeloid cells.

 Fcy-Rlis expressed on myeloid cells in primary human tumor samples.

 Tumor cell-targeted STING-agonist ADCs activate STING pathway in primary human tumors ex-
Vivo.

By delivering STING agonist into tumor cells and Fcy-Rl-expressing myeloid cells,
tumor cell-targeted STING agonist ADCs induce the STING pathway effectively and

therefore may offer a therapeutic advantage
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