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Antibody-drug conjugates (ADCs), which are monoclonal antibodies (mAbs) conjugated with highly toxic
payloads, achieve high tumor killing efficacy due to the specific delivery of payloads in accordance with mAbs’
function. Therefore, it is expected that ADCs will reduce the systemic exposure of cytotoxic small molecules
while providing a wider therapeutic window compared with traditional chemotherapy, and the development
and commercial application of ADCs have been progressing in recent years. On the other hand, for many
approved or in-clinical development ADCs, the reported toxicities have been mainly independent of the target
expression. Some potential mechanisms of off-target toxicity of ADCs were proposed, and target-independent
internalization of ADCs into non-target cells is one of the putative mechanisms of off-target toxicity of ADCs.
ADCs can be internalized into non-target cells by Fcy receptors (FeyRs)-mediated cellular uptake and non-
specific cellular uptake such as micropinocytosis, and released payloads in non-target cells may cause adverse
effects. In addition, it is known that mAbs aggregates have potential risk for immunogenicity because they
could activate FcyRs and are internalized into the immune cells. However, the studies focused on
internalization of ADCs and ADC aggregates into non-target cells are still limited, and the assays to evaluate
them is not enough.

In this project, we developed the assays to evaluate the internalization of ADCs and ADC aggregates
into target cells and non-target cells. To identify the characteristics of ADC which affect the internalization
into target cell and non-target cells, we generated ADCs with different linkers including polyethylene glycol
(PEG) linkers and different antibody drug ratio (DAR) (6 linkers x 3 different DAR) by using TCEP reduction
of disulfate bonds and maleimide conjugation to a free thiol group. The generated ADCs had different
hydrophilic property, thermal stability, and FcyR-binding activity according to their linker structures and
DAR while ADCs showed similar charge and antigen-binding property. The internalization of ADCs into
target positive cells and target negative cells was evaluated by cytotoxicity of ADCs, and fluorescent intensity
of fluorescent labelled ADC (ADC-FL) treated cells. In HER2-postive cell (SK-BR-3 cell), ADCs showed
different cytotoxicity depending on linker structure and DAR. In several target negative cells including FeyR-
expressing cells, ADCs and ADC-FL showed different cytotoxicity and internalization property depending on
linker structure and DAR but independent from cytotoxicity in target positive cells. These results suggested
that linker structures affected the internalization of ADCs, and impact of linker structures on internalization
of ADCs were different between target-dependent internalization and -independent internalization. In
addition, unexpectedly, the FcyR-expression did not correlate on ADC internalization into non-target cells
regardless of linker structures and DAR. We found that Fc-engineered ADCs which had enhanced or silence
FcyR-binding property showed similar cytotoxicity compared with wildtype ADCs regardless of FcyR-
expression of target-negative cells. However, ADC aggregates with FcyR-activation properties showed
dramatically enhanced cytotoxicity in FcyR-expressing cells, and FcyR-blocking or Fc-engineering to silence
the Fc-mediated effector functions of ADC was suppressed the enhanced cytotoxicity of ADC aggregates.
These results indicated that FcyRs play an important role for target-independent internalization of ADC
aggregates but not monomeric ADCs, and the aggregation of ADCs increases the potential risk for off-target
toxicity of ADCs.

In this study, we succeeded in unraveling a part of mechanism of cellular uptake of ADC and ADC
aggregates into non-target cells and demonstrating the impacts of linker structures and DAR of ADCs on
target-independent internalization of ADCs. In addition, our results indicated that aggregation of ADCs
should be controlled much more carefully compared with the aggregation of other biopharmaceuticals,

including mAbs, from the points of view of off-target toxicity and immunogenicity.
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