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KEY WORDS Abstract Events including antibody—antigen affinity, internalization, trafficking and lysosomal prote-
olysis combinatorially determine the efficiency of antibody—drug conjugate (ADC) catabolism and hence
the toxicity. Nevertheless, an approach that conveniently identifies proteins requisite for payload release
and the ensuing toxicity for mechanistic studies and quality assessment is lacking. Considering the

ADC;
Target-responsive
subcellular catabolism

(TARSC); plethora of ADC candidates under development, we developed a target-responsive subcellular catabolism
T-DMI; (TARSC) approach that examines ADC catabolism and probes changes in response to targeted interfer-
Therapeutic efficacy; ences of proteins of interest. We firstly applied TARSC to study the commercial T-DM1 and the bio-
Screening; similar. We recorded unequivocal catabolic behaviors regardless of the absence and presence of the
Biosimilarity targeted interferences. Their negligible differences in TARSC profiles agreed with their undifferentiated

anti-tumoral efficacy according to further in vitro viability and in vivo tumor growth assays, highlighting
TARSC analysis as a useful tool for biosimilarity assessment and functional dissection of proteins requi-
site for ADC catabolism. Additionally, we employed TARSC to investigate the catabolic behavior of a
new trastuzumab—toxin conjugate. Collectively, TARSC can not only characterize ADC catabolism at
(sub)cellular level but also comprehensively determine which protein targets affect payload release
and therapeutic outcomes. Future use of TARSC is thus anticipated in early-stage screening, quality
assessment and mechanistic investigations of ADCs.
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1. Introduction

Antibody—drug conjugates (ADCs) consist of monoclonal an-
tibodies (mAbs) conjugated with cytotoxic drugs through
linkers. The mAbs carry ADCs to target cells by affinity binding
to antigens expressed on cell surface, and subsequently become
internalized, undergo degradation followed by the release of
toxic payloads within target cells. This design confers increased
specificity and reduced toxicity compared to conventional
pharmaceutics such as genotoxic drugs' .

As a novel class of therapeutics, ADCs are embracing ever-
evolving technologies in linker and payload chemistry. Specif-
ically, linkers can be classified as cleavable chemical spacers
involving hydrozone, disulfide and di/tri/tetra-peptide bonds and
noncleavable spacers such as thioether and pyrophosphate
diester’. The differences in chemical stability conferred by
linkers lead to varied catabolic profiles and hence ADC thera-
peutic efficacies in target cells or organelles. Moreover, highly
potent cytotoxic agents with defined mechanisms of action such
as maytansinoid and auristatin with microtubule inhibitory
functions or DNA double-strand breakers, cross-linkers and
alkylators are often selected as payloads”. In addition, the site of
conjugation, lysine or cysteine residues, also affects ADC
catabolic and pharmacokinetic liabilities’. Collectively, the
plethora of choices offered by conjugation site, linkers and
payloads confers versatile combinations, leading to currently
over 100 ADCs in clinical trials and numerous ADCs as pre-
clinical candidates’"®.

Therefore, the concomitant task of druggability screening and
quality assessment for ADC candidates becomes challenging,
necessitating an approach that efficiently and comprehensively
evaluates ADC attributes before proceeding to expensive and
time-consuming in vivo experiments®’. Nevertheless, conven-
tional in vitro assaying techniques such as cytotoxicity assay
merely provides a final functional readout while lacking a
comprehensive evaluation of how each step ranging from antigen
binding, internalization, trafficking to lysosomal proteolysis-
mediated payload release functions and affects payload release
and the ensuing cell killing effect’. Conventionally, each step
described above has often been studied separately. For instance,
internalization rate and extent can be screened by flow cytometry
and visualized by fluorescent microscopy'® ', Moreover, linker
stability and lysosomal proteolysis is assessed by monitoring
payload release via LC—MS/MS after incubating ADCs with
miscellaneous proteolytic enzymes such as cathepsin B'?, rat
lysosomal lysate'* and acidified S9 fractions'>. Nevertheless, a
holistic landscape of how each protein target or pathway affects
ADC catabolism and consequently the kinetics of catabolic
payload is still lacking, albeit it is agreed that such information is
of paramount importance in assessing ADC safety and efficacy,
and allows identification of proteins that affect ADC catabolism
and consequently the toxicity.

Thus, herein we propose a target-responsive subcellular
catabolism (TARSC) approach that monitors ADC catabolites
kinetics in cancer cells and organelles, and examine the changed

kinetics of catabolites in response to targeted interferences of
given proteins. TARSC is useful for qualitative and quantitative
assessment of ADC payload release, and allows us to determine
the involvement of specific targeted proteins to the catabolism
profile and therapeutic efficacy of ADCs. We can thus use the
gained information to judge the comparability between ADC
biosimilars and innovators of interest. In this study, we employed
a commercial T-DM1 and its biosimilar as model ADCs,
and measured their catabolic behaviors in both the target organ-
elles, lysosomes, and the target cells, HER2-overexpressing
BT474 cells. Then, we pharmacologically and genetically inter-
fered with key proteins involved in T-DM1 delivery and catabo-
lism including clathrin-mediated endocytosis, endosome/lysosome
transport and lysosomal cathepsin—dependent proteolysis, and
recorded significantly impaired production of the toxic payloads
as expected. Further, we evaluated their TARSC responses by
measuring the payload kinetics for the T-DM1 biosimilar (BS) and
its innovator reference (IN) following targeted interferences, and
noted unequivocal changes between the BS and IN T-DM1. The
negligible differences of the TARSC profiles of the two T-DM1s
agree with their undifferentiated therapeutic outcomes suggested
by in vitro viability assays and in vivo tumor growth assays,
highlighting the close association of ADC payload kinetics with
therapeutic efficacy. Therefore, TARSC can potentially serve as an
indicator of therapeutic efficacy and complement with conven-
tional in vitro and in vivo anti-tumoral assays. Lastly, besides
judging the biosimilarity between ADC biosimilar and innovator,
we demonstrated the use of TARSC in appraising the payload
release efficiency for a new trastuzumab—toxin conjugate that
employs different linker chemistry from T-DMI1. Collectively,
TARSC analysis allows us to characterize ADC catabolism at
cellular and subcellular level, and systematically depicts whether
given target proteins affect ADC delivery and payload release.
Such information is anticipated to support early-stage ADC
screening, quality assessment and mechanistic understanding for
ADC candidates during drug R&D before proceeding to costly
and time-consuming in vivo experiments.

2. Materials and methods

2.1. Chemicals and reagents

The commercially available trastuzumab (T)-DM1 was purchased
from Hoffmann-La Roche Inc. (Basel, Switzerland), and the BS
trastuzumab-DM1 was manufactured by Shanghai Hengrui Phar-
maceutical Co., Ltd. (Shanghai, China) as previously detailed'®.
The ADC DX-006 was kindly provided by Hangzhou DAC Biotech
Co., Ltd. (Hangzhou, China). Chloropromazine, E64d, CA-074
methyl ester (CA-074-ME), pepstatin A, aprotinin and tris (2-
carboxyethyl) phosphine hydrochloride (TCEP) were purchased
from Sigma—Aldrich (St. Louis, MO, USA). Bafilomycin Al was
purchased from Selleck Chemicals (Houston, TX, USA). Ansami-
tocin P-3 was purchased from Medchem Express (Monmouth
Junction, NJ, USA). Cell Counting Kit-8 (CCK-8) was purchased
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from Beyotime (Nanjing, China). Monoclonal antibody against
HER2 (Cat#AB16901) was purchased from Abcam (Cambridge,
MA, USA). Rhodamine Red™-X (RRX) AffiniPure Donkey Anti-
Mouse IgG (H + L) was purchased from Jackson ImmunoR-
esearch Laboratories Inc. (Philadelphia, PA, USA). Acetonitrile
(ACN, HPLC-grade) was purchased from Merck (Darmstadt, Ger-
many). Deionized water was prepared by Milli-Q system (Millipore,
Billerica, MA, USA). All other reagents and solvents were pur-
chased from Sigma—Aldrich and of analytical grade.

2.2.  Cell culture

Human breast cancer cells BT474 was purchased from the
American Type Culture Collection. The cells (passages 8 to 25)
were cultured in RPMI 1640 medium supplemented with 10%
fetal bovine serum and 100 U/mL penicillin and streptomycin
(Invitrogen, Carlsbad, CA, USA) at 37 °C with 5% CO,. The
medium was changed every other day.

2.3.  Animals

All animal care and experimental procedures were conducted
according to the National Research Council’s Guidelines for the
Care and Use of Laboratory Animals and were approved by the
SPF Animal Laboratory of China Pharmaceutical University
(Animal authorization reference number: SYXK2016-0011).
Healthy female BALB/c nude mice (18—22 g of weight and
6—8 weeks of age) were obtained from Shanghai SLAC Labora-
tory Animal Co., Ltd. (Shanghai, China). The mice were main-
tained under controlled environment (22—24 °C, 50%—60%
humidity, 12-h light/12-h dark cycle) with ad libitum access to
standard laboratory food and water.

2.4.  Lysosomal target-responsive subcellular catabolism
analysis

Lysosomal subcellular catabolism analysis of ADCs was con-
ducted by first incubating the ADCs with crude lysosome fractions
(CLF). The CLF derived from rat liver was prepared according to
the manufactures’ instructions using a Lysosome Isolation Kit
(LYSISO1, Sigma—Aldrich). Briefly, fresh liver tissue was har-
vested from fasted rats, washed with ice-cold PBS and then cut
into small slices. The liver slices were then homogenized with 4
volumes of the 1x extraction buffer per gram of tissue, and then
the resultant floating fat layer was removed following centrifu-
gation at 1000xg for 10 min at 4 °C. The supernatant was
transferred to another tube and re-homogenized in 2 volumes of
1x extraction buffer. Then, the supernatant was combined with
the previously collected supernatants. The combined supernatant
was centrifuged again at 20,000xg for 20 min at 4 °C, and then
the pellet was collected. The CLF was prepared by resuspension
of the pellet in a minimal volume of 1x extraction buffer.
Lysosomal activity of prepared CLF was examined using the
Acid Phosphatase Assay Kit (CS0740, Sigma—Aldrich). Briefly,
substrate solution was freshly prepared by dissolving one 4-
nitrophenly phosphate tablet in 2.5 mL of the citrate buffer so-
lution. Then, 50 pL of the CLF was incubated with 50 pL of the
substrate solution for 10 min at 37 °C. A blank reaction (substrate
solution without enzyme) was run in parallel to account for the 4-
nitrophenyl phosphate that becomes hydrolyzed during the incu-
bation. The reaction was terminated by adding 0.2 mL of the stop
solution. The colored solution was formed after the addition of

0.5 mol/L NaOH. The absorbance of the mixture was detected at
405 nm.

For the IN and BS T-DM1, incubation of both ADCs with CLF
was carried out at 37 °C in a final volume of 100 pL containing
15 puL of CLF, 75 pL of 50 mmol/L ammonium acetate buffer
(pH 5.0, with 2 mmol/L TCEP) and 10 pL of ADC prepared in
25 mol/L for 0, 1, 3, 6, 12, 24, 48, 72, 96 and 120 h. After incu-
bation for different duration, the resultant ADC catabolites was
determined by LC-MS/MS-based quantitative analysis as
described in the following section, and the kinetic profiles of ADC
catabolites abundance were plotted against incubation time. To
perform the lysosomal TARSC analysis for IN and BS T-DM1s, we
specifically examined the contribution of given lysosomal enzymes
to ADC payload release by co-incubating the protease inhibitors
with ADCs in CLF followed by quantitative analysis of the pro-
duced catabolites. The assayed protease inhibitors include cysteine
protease inhibitors (CA-074-ME and E64d at 10 umol/L), a serine
protease inhibitor (aprotinin at 20 pg/mL) and an aspartic protease
inhibitor (pepstatin A at 10 pg/mL). Inhibition was terminated at
24, 48, 72 and 96 h, respectively, by adding 400 pL of ice-cold
acetonitrile containing 200 ng/mL ansamitocin P-3 as the internal
standard (IS) for subsequent LC-MS/MS analysis. The mixtures
were vortexed thoroughly followed by centrifugation at 30,000x g
for 10 min. The supernatants were collected, dried at room tem-
perature, reconstituted in 100 pL acetonitrile—water (1:1, v/v). The
reconstituted samples were centrifuged at 30,000x g for 10 min at
4 °C and a 75 pL of supernatant was collected for subsequent
LC-MS/MS analysis.

For DX-006, the incubation of ADCs with CLF was carried
out at 37 °C in a final volume of 100 pL containing 15 pL of
CLE, 75 pL of 50 mmol/L ammonium acetate buffer (pH 5.0,
with 2 mmol/LL TCEP) and 10 pL of DX-006 prepared in
100 nmol/L for 0, 1, 2, 4, 6, 12, 24, 48, 72, 96 and 120 h. After
incubation for different duration, the resultant catabolites of DX-
006 was determined by LC—MS/MS-based quantitative analysis
as described in following section, and the kinetic profiles of
ADC catabolites abundance were plotted against incubation
duration.

To perform the lysosomal TARSC analysis for DX-006, we
co-administrated DX-006 with specific cysteine proteases in-
hibitors (10 umol/L. E64d, 10 umol/L. CA-074-ME) for 48 h, the
influence of given lysosomal enzymes on DX-006 payload
release was determined by quantitative analysis of the produced
catabolites.

2.5. Target-responsive subcellular catabolism analysis

BT474 cells were treated with an IN T-DM1 and a BS T-DM1 at
different concentrations (12.5, 25, and 50 nmol/L), respectively.
At different intervals post-administration, BT474 cells were rinsed
with ice-cold PBS and lysed by three freeze—thaw cycles. Protein
concentrations were measured by the Bradford assay, and the
concentration of the main catabolites of T-DM1, DM1 and lys-
MCC-DM1 were determined by LC—MS/MS (described below).

To conduct the TARSC analysis, given proteins involved in
ADC delivery and payload release in cells were interfered by
siRNA or specific inhibitors before ADC treatment. Specifically,
HER2 was pre-silenced by transfecting the BT474 cells with
siRNA for 48 h according to the procedures described below in the
HER?2 knockdown section. Moreover, clathrin-mediated internal-
ization was inhibited by pre-incubating the BT474 cells with
chlorpromazine at 10 pmol/L for 2 h, and the H*-ATPase activity
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was impaired by pre-administering 1 nmol/L Bafilomycin Al to
cells for 2 h. For lysosomal proteases, 3 pmol/L CA-074-ME and
20 pmol/L E64d were pre-administered for 2 h to inhibit the ac-
tivity of cysteine proteases, whereas 20 pg/mL aprotinin and
pepstatin A were pre-administered for 2 h to inhibit the activity of
serine and aspartic proteases in BT474 cells, respectively.
Following the pre-interference, cells were treated with 25 nmol/L
IN T-DM1 or BS T-DM1 for another 72 h, respectively. The
resultant changes of toxic payloads following the targeted in-
terferences were quantified by LC-MS/MS.

2.6. LC-MS/MS-based quantitative analysis of T-DM1 payloads

The major catabolites of T-DM1, lys-MCC-DM1 and DM1, pre-
sent in lysosomes, cells and tumor mass were prepared and
analyzed on a Shimadzu LC-20 HPLC system (Kyoto, Japan)
coupled to QTRAP 5500 (SCIEX, Birmingham, MA, USA).
Briefly, catabolites in CLF, cell lysates and tissue homogenates
were extracted with 4 times volume of ice-cold ACN containing
200 ng/mL ansamitocin P-3 (IS). After centrifugation (30,000 g,
10 min, 4 °C), the supernatants were collected and evaporated to
dryness with nitrogen at room temperature followed by reconsti-
tution in 100 pL acetonitrile—water (1:1, v/v). The reconstituted
samples were centrifuged at 30,000x g for 10 min at 4 °C before
injections onto the LC-MS/MS system.

For analysis of T-DM1 catabolites, chromatographic separation
was achieved using a Luna C18 column (100 mm X 2.0 mm,
2.6 um, Phenomenex, Torrance, CA, USA) at 40 °C on the Shi-
madzu HPLC. The mobile phase consisted of solvent A (0.1%
aqueous formic acid) and solvent B (acetonitrile with 0.1% formic
acid), and a 11-min gradient was used: 0 min, 20% B; 0.5 min,
20% B; 5.5 min, 100% B; 8.5 min, 20% B; 11 min, 20% B with a
flow rate of 0.2 mL/min. Following separation, QTRAP 5500 was
operated in the positive electrospray ionization (ESI) mode for the
quantitative analysis of T-DM1 payloads. Briefly, the multiple
reaction monitoring (MRM) parameters employed on the QTRAP
were set as follows: declustering potential set at 60 V for lys-
MCC-DM1, DM1 and IS, collision energy set at 55 eV for lys-
MCC-DM1, 33 eV for DM1 and 40 eV for the IS, MRM transi-
tions set as m/z 1103.7 — 4852 for lys-MCC-DM1, m/z
738.5 — 547.4 for DM1, m/z 635.5 — 547.3 for the IS. Data
acquisition and analysis were both performed using Analyst TF
1.5.1 software (SCIEX, Birmingham, MA, USA). The LC-MS/
MS-based quantitative method of T-DM1 payloads has been
validated as we previously published'’.

For analysis of DX-006 catabolites, chromatographic separa-
tion was achieved using a Luna C18 column (100 mm x 2.0 mm,
2.6 um, Phenomenex, Torrance, CA, USA) at 40 °C on HPLC
(Shimadzu). The mobile phase consisted of solvent A (0.1%
aqueous formic acid) and solvent B (acetonitrile with 0.1% formic
acid). A 10-min gradient was used as follows: 0 min, 10% B;
2 min, 10% B; 4 min, 95% B; 7 min, 95% B; 7.5 min, 10% B;
10 min, 10% B with a flow rate of 0.2 mL/min. Following sepa-
ration, QTRAP 5500 was operated in the positive ESI mode for
the quantitative analysis of T-DM1 payloads. Briefly, the MRM
parameters employed on the QTRAP were set as follows:
declustering potential set at 60 V for cys-Tub-006, Tub-006 and
IS, collision energy set at 40 eV for cys-Tub-006, Tub-006 and IS,
MRM transitions set as m/z 1033.7 — 807.3 for cys-Tub-006, m/z
912.5 — 686.3 for DM1, m/z 635.5 — 547.3 for the IS. Data
acquisition and analysis were both performed using Analyst TF
1.5.1 software.

2.7.  HER2 knockdown

HER?2 was silenced by transfecting the BT474 cells upon plating
with 10 nmol/L. small interfering RNA (siRNA) (5-GGA CAC
GAU UUU GUG GAA Gtt-3") or 10 nmol/L scrambled siRNA
using Lipofectamine® RNAiIMAX (Life Technologies, Carlsbad,
CA, USA). The RNAi duplex—Lipofectamine® RNAIMAX
complexes were prepared and then mixed with the appropriate
number of BT474 cells when plating. After 48 h, HER2 silencing
efficiency was confirmed by flow cytometry and immunofluores-
cence staining. Briefly, cells administered with scrambled siRNA
or siRNA targeting HER2 were fixed with 4% polyformaldehyde
solution. After washing and blocking with 5% bovine serum al-
bumin, cells were incubated with anti-HER2 (1:100) at 4 °C
overnight and then incubated with Rhodamine-conjugated sec-
ondary antibody (1:200) at 37 °C for 1 h. Following additional
washing, the fluorescently labeled cells were loading onto BD
Accuri™ C6 plus flow cytometer (San Jose, CA, USA) for
quantitative analysis and imaged with an Olympus FV3000
confocal microscope (Shinjuku, Japan) for qualitative analysis.

2.8.  Invitro cell growth inhibition assay

BT474 cells was exposed to a series of concentrations of T-DM1
(0.01, 0.05, 0.2, 1, 2.5, 4, 10, 25, and 100 nmol/L), cys-Tub-006
0.5, 1, 2, 5, 10, 20, 50, 100, 200, and 500 nmol/L) or Tub-006
0.5, 1, 2, 5, 10, 20, 50, 100, 200, and 500 nmol/L) for 120 h at
37 °C with 5% CO,. After treatment, cell viabilities were
measured using a CCK-8 Assay Kit and quantified by comparing
the resultant viabilities with those in the absence of T-DMI1
exposure. ICsy values were calculated via GraphPad Prism 7
(GraphPad Software Inc., San Diego, CA, USA).

To evaluate the contribution of given protein “targets” possibly
involved in T-DM1 catabolism to its cytotoxicity, the change of
cell survival rate was examined after the targeted interference.
Briefly, BT474 cells were exposed to 100 nmol/L IN or BS T-
DM1, following 48 h-HER2 pre-silencing or co-administration
with 10 pmol/L chlorpromazine, 1 nmol/L Bafilomycin Al,
3 umol/L CA-074-ME, 20 pmol/L E64d, 20 pg/mL aprotinin and
20 pg/mL pepstatin A, respectively. At 72 h post-T-DM1 expo-
sure, cell viabilities were measured using a CCK-8 Assay Kit and
quantified by comparing the resultant viabilities with those in the
absence of drug treatment.

2.9.  In vivo tumor growth assay

To evaluate the in vivo therapeutic efficacy for the assayed T-
DMI, a cell line-derived xenograft model was established. The
xenografts were generated by subcutaneous injections of 5 x 10°
exponentially growing BT474 cells into the right flank of nude
mice. Then, the mice bearing BT474 subcutaneous tumors were
randomly assigned to the following three groups and administered
with single-dosed T-DM1. The three groups include the control
group that were injected with saline (0.01 mL/g, i.v.), the IN T-
DM1 group that were injected with the IN T-DM1 (15 mg/kg, i.v.)
and the BS T-DM1 group that were injected with BS T-DM1
(15 mg/kg, i.v.). Tumor volume was measured every day post-
administration for each animal. On Day 1, 4 and 7 post-
administration, the mice were sacrificed and the tumor masses
were collected. Tumor masses was weighed and homogenized
with deionized H,O to an approximate concentration of 0.1 g/mL.
Then, the homogenates were further processed as described above
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in the LC-MS/MS sample preparation section. The intra-tumoral
concentrations of lys-MCC-DM1 and DM1 were also quantified as
described above.

2.10.  Data analysis

All data are presented as mean =+ standard error of mean (SEM).
Statistical analyses were performed using GraphPad Prism 7. Each
continuous variable was analyzed for a normal distribution using
the Kolmogorov—Smirnov test, and then statistical analysis was
performed using a two-tailed Student’s #-test or one-way ANOVA
assay with Dunnett post-hoc test if F was less than 0.05 and there
was no significant variance inhomogeneity. Differences were
considered significant at *P < 0.05, **P < 0.01, ***P < 0.001.

3. Results

3.1.  Development of the in vitro TARSC analysis approach for
ADCs

TARSC analysis records the kinetic profiles of payload release by
LC-MS/MS in target cells or subcellular compartments, and
further probes the changes of catabolite kinetics in response to
targeted interference of proteins that are essential for ADC de-
livery and payload release (Fig. 1). Specifically, protein targets
subjected to pharmacological or genetic interferences are exem-
plified by HER2 involved in antigen—mAb recognition, clathrin in
ADC internalization, H'-ATPase in ADC trafficking and
cathepsin in lysosomal proteolysis. Therefore, the induced
changes of payload kinetic profiles in response to the interferences
imply the involvement of the assayed target proteins in ADC
catabolism and can concomitantly dictate their influence on ADC
therapeutic outcomes. In contrast, catabolites kinetics that hold
constant upon the targeted interferences thus indicate that the
selected proteins hardly contribute to ADC delivery and payload
release (Fig. 1).

This differentiating capability has thus warranted diverse ap-
plications for TARSC analysis. First, TARSC opens new avenues
for ADC biosimilarity assessment. Since ADCs of biosimilarity
possess almost identical physicochemical attributes, such ADCs
should deliver undistinguishable catabolic kinetic profiles and also
display unequivocal TARSC profiles in response to targeted in-
terferences (Figs. 2—4). Comparison of the TARSC profiles is thus
expected to become a valuable addition to conventional evaluation
assays that judge biosimilarity between IN and BS or simply lot-
to-lot variations, for instance, by cytotoxicity (Fig. 5). Secondly,
TARSC analysis supports ADC mechanistic studies by allowing
dissection of which protein/pathway affects ADC catabolism and
hence the cell killing effect (Fig. 6). Lastly, TARSC provides clues
for ADC optimization and screening. For instance, when assessing
ADC candidates composed of different mAbs or linkers, TARSC
elucidates which ADC release the payload most efficiently, which
is often positively correlated to its therapeutic efficacy. This would
serve as a powerful early-stage screening tool that greatly cuts the
time and cost spent on in vivo assays, and hence accelerates the
ADC R&D process.

3.2.  Benchmarking lysosomal TARSC analysis using T-DM1s

We initially employed CLF isolated from rat liver and incubated
the IN T-DM1 with the isolated CLF for 0, 1, 3, 6, 24, 48, 72, 96
and 120 h. Sensitive detection of major T-DM1 catabolites was
achieved by MRM-based LC-MS/MS analysis. As shown in
Fig. 2A, exposure of the IN T-DMI1 to CLF delivered a time-
dependent production of the T-DMI1 catabolite lys-MCC-DM1
for the entire duration (1—120 h). In contrary, the other catabo-
lite that is produced independent of lysosomal degradation and
usually observed due to unstable linker chemistry, DM1, was
nearly absent, indicating that the examined T-DM1 remains stable
without unexpected shedding of payloads in the biological envi-
ronment of CLF. This is further demonstrated by the significantly
large AUC of lys-MCC-DM1 over DM1 following T-DM1 incu-
bation (Fig. 2B).
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Figure 1

Ilustrated workflow of the in vitro TARSC approach. TARSC analysis records the kinetic profiles of active payload released from

ADCs by LC-MS/MS in target cells or subcellular compartments, and further probes the changes of catabolite kinetics in response to targeted
interferences of proteins that potentially affects ADC delivery and payload release. TARSC is anticipated to be a useful tool in ADC R&D. For
instance, it opens new avenues for ADC biosimilarity assessment. Since a biosimilar is expected to possess almost identical physicochemical
attributes with its innovator reference, it should deliver undistinguishable catabolic behavior and TARSC profile in response to targeted in-
terferences as the innovator. Secondly, TARSC analysis supports ADC mechanistic studies since it conveniently identifies regulators of ADC
payload release and hence the toxicity. Thirdly, TARSC is amenable to ADC screening since it examines the ADC candidates that release the toxic
payload most efficiently, which is often positively correlated to in vitro and in vivo therapeutic efficacy.
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Figure 2  Lysosomal TARSC analysis of the innovator reference (IN) and biosimilar (BS) T-DM s using rat liver crude lysosome fractions. (A)
Catabolic kinetics of T-DM1 after incubation with the crude lysosome fractions isolated from rat liver (25 nmol/L IN vs. BS T-DM1, n = 6). (B) The areas
under curve (AUCs) of the two major catabolites of the IN and BS T-DM1s were compared. (C) Scheme of lysosomal TARSC analysis conducted via the
administration of specific inhibitors targeting different lysosomal proteases. (D) Influence of given protease inhibitors (10 pmol/L E64d, 10 pmol/L CA-
074-ME, 20 pg/mL aprotinin, 10 pg/mL pepstatin A) on the catabolic kinetics of the IN and BS T-DM s (n = 6). All data are presented as mean + SEM.
N.S., no significance, Student’s #-test for (B) and **P < 0.01, ***P < 0.001, one-way ANOVA for (D).
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Figure 3  Catabolism profiles of the IN and BS T-DM1s in BT474 cells. (A) Time-resolved kinetic profiles of T-DM1 catabolites in BT474 cells
administered with three different doses (12.5, 25 and 50 nmol/L). (B) AUCs of the two major catabolites were compared. Data are expressed as
mean = SEM (n = 6). N.S., no significance, Student’s #-test.

Next, we sought to investigate whether the TARSC analysis
allows for determining the lysosomal proteases that are requisite
for T-DM1 catabolism. We incubated the CLF with inhibitors tar-
geting different lysosomal proteases including cysteine protease,
aspartic proteases and serine protease' > (Fig. 2C), and monitored
the post-inhibition kinetic profiles of the two catabolites. We found
that the administration of cysteine proteases inhibitors, CA-074-
ME and E64d, both significantly reduced the lysosomal concen-

tration of lys-MCC-DM1 when the catabolites were collected at 24,
48, 72 and 96 h (Fig. 2D). In comparison, the inhibitors of aspartic
proteases failed to block T-DM1 catabolism until 96 h, whereas the
serine protease inhibitor conferred no significant changes to the
production of lys-MCC-DM1 at all assayed time points. The
distinct outcomes induced by different protease inhibitors are in
line with previous knowledge that T-DM1 is cleaved and degraded

mainly dependent on cysteine proteases”’.
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Figure 4 TARSC analysis determines the major catabolic proteins/path

way contributing to the payload release of the IN and BS T-DMs in

BT474 cells. (A) Transfection efficiency of HER2 siRNA in BT474 cells was visualized by immunofluorescence (Red, HER2; Blue, Hoechst) and
measured by flow cytometry (n = 6). (B) Impact of treatment with HER2 siRNA or scrambled siRNA for 48 h on production of the major T-DM1
catabolites for the IN and BS T-DMIs after incubation for another 72 h. (C) Impact of inhibiting clathrin-dependent internalization with
chlorpromazine (10 pmol/L) pre-treatment for 2 h on catabolites produced from the IN and BS T-DM1s with T-DM1 incubation for another 72 h,
respectively. (D) Impact of inhibiting endosome—lysosome fusion with Bafilomycin Al (1 nmol/L) pretreatment for 2 h on catabolites produced
from the IN and BS T-DM1s with T-DM1 incubation for another 72 h, respectively. (E) Impact of inhibiting cysteine, aspartic and serine protease-
dependent proteolytic degradation by treatment with E64d (20 pmol/L), CA-074-ME (3 pmol/L), pepstatin A (20 pg/mL), aprotinin (20 pg/mL)

on catabolites produced from the IN and BS T-DM1s after incubation for
tabolites, lyss-MCC-DM1 and DM1, were quantified by LC-MS/MS (n
#pP < 0.01, *#**P < 0.001, Student’s t-test.

3.3.  TARSC analysis of T-DM1s empowers mechanistic studies
and biosimilarity assessment

We first measured T-DM1 payloads after the IN T-DM1 adminis-
tration in BT474 cells. As shown in Fig. 3A, intracellular lys-MCC-
DM1 displayed a time-dependent increase, phenocopying the trend
of the catabolite, lys-MCC-DM1, produced in CLF. Compared to
lys-MCC-DM1, DM1 was present at a pronounced lower concen-
tration upon T-DM 1 treatment (Fig. 3A). Moreover, its intracellular
concentration and hence its AUC both exhibited a dose—response
increase when T-DM1 was administered at 12.5, 25 and 50 nmol/L,

72 h in BT474 cells, respectively. The concentrations of the two ca-
6 for each group). All data represent mean = SEM, *P < 0.05,

whereas that of lys-MCC-DM1 held constant (Fig. 3B). Further, we
compared the kinetic profiles of the two T-DM1 catabolites for the IN
and BS T-DM1s, and found they both exhibited unequivocal behav-
iors in target cells BT474 (Fig. 3A and B).

We next applied the TARSC approach to determine how the
biological processes initializing from ADC internalization to
transport and degradation affect ADC payload kinetics. As antigen
binding initializes ADC internalization and the ensuing catabo-
lismzl, we first treated the BT474 cells with HER2 siRNA to
suppress HER2 expression. As shown in Fig. 4A, we noted a
48.7% decrease in HER2 expression and concomitantly the
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Figure 5  Invitro and in vivo therapeutic efficacy of the IN and BS T-DMs. (A) Growth inhibition were measured at 120 h post-administration
(n = 6). (B) ICs( values were compared between the IN and BS T-DM1s. (C) Cell survival rate after the IN and BS T-DM1 treatment subjected to
control or targeted interferences. BT474 cells was exposed to 100 nmol/L T-DM1 alone, following 48 h-HER?2 silencing or co-administration with
10 umol/L chlorpromazine, 1 nmol/L Bafilomycin A1, 3 umol/L. CA-074-ME, 20 pmol/L E64d, 20 pg/mL aprotinin or 20 pg/mL pepstatin A as
indicated, respectively. At 72 h post-T-DM1 exposure, cell viabilities were measured using a CCK-8 Assay Kit and quantified by comparing the
resultant viabilities with those in the absence of indicated treatments. (D) Tumor volumes were measured every day and tumor growth curves were
plotted for mice bearing BT474 cell-derived tumor xenografts. (E) The concentrations of intra-tumoral lys-MCC-DM1 and DM1 were measured
from the IN and BS T-DM 1-treated group, respectively. Specifically, 6 mice from each group were sacrificed at Day 1, 4, 7 post-administration,
and the tumors were collected to determine the catabolite concentrations at each assayed time point. All data represent mean + SEM (n = 6).
N.S., no significance, *P < 0.05, Student’s #-test for (A), (B), (D), (E) and *P < 0.05, **P < 0.01, ***P < 0.001, one-way ANOVA for (C).

reduced concentration of lys-MCC-DMI in cells, indicating that assembly/disassembly, to interfere with T-DM1 internalization. In

disrupted antigen binding indeed leads to impaired ADC payload line with the clathrin-mediated endocytosis of trastuzumab®’,
release. We also tested whether TARSC analysis can be applied to intracellular concentration of 1lys-MCC-DM1 following the
assess the biosimilarity of ADCs, and thus compared the TARSC chlorpromazine treatment shows a significant decrease (Fig. 4C).
profile between the BS T-DM1 with its innovator reference. In addition, the concentration was reduced to comparable levels
Fig. 4B shows the reduction of intracellular lys-MCC-DM1 for both the IN and BS T-DM1-treated cells. Once T-DM1 enters
exhibited no significant difference between the two, suggesting the target cells, it is transported in endosomes to lysosomes. H*-
that HER?2 silencing modulated ADC delivery and catabolism to ATPase is a proton pump present in endosomes and lysosomes,
similar extents for both T-DM1s. and participates in endosome—lysosome fusion®**. After co-

Next, since the internalization of cell-surface bound antigen— administration of a specific H -ATPase inhibitor, Bafilomycin

antibody complex is induced upon antigen binding, we then Al, with T-DMI1, the aberrant activity of H*'-ATPase in
treated cells with chlorpromazine, an inhibitor of clathrin BT474 cells resulted in defected transport of T-DM1 (Fig. 4D).



4028

Hua Sang et al.

A Tub-006

HOOC—

XLji”NN W“o <P%? fN;]

o

cys-Tub-006

Hoooj
| o \H | s W~ o Ih O—“:

H

0 _A_ OAc '
Cys
DX-006
HOOC:
’\B—g O
%J\ \/\/l\ l‘Q‘OH N N\ Z
0/\0Ac HNHO s/()
0
B C
£ 6000y —e- cys-Tub-006 50
g —=- Tub-006 = ol
S i 40
T = c
G 5 4000 0
5 S 3 301
c3 <7
S2E E 201
8 £ 2000 5+
T § 104
[0] ~
g 0
o
©
= 0 50 100 150 \)09@ 0@“
Time (h) s A
5
D
5000+ s = DX-006
o &3 DX-006+E64d
4000+ 01 DX-006+CA-074-ME

(nmol/L/unit)
N w
o (=4
(=] [=3
9%

]
Tub-006

Concentration of catabolite

cys-Tub-006

Figure 6 Catabolism profiles of cys-Tub-006 and Tub-006 pro-
duced from DX-006 after incubation with rat liver CLF. (A) Sche-
matic illustration of the structure of DX-006. (B) Kinetic profiles of
DX-006 catabolites after incubating DX-006 with the crude rat liver
lysosomes for 1, 2, 4, 6, 12, 24, 48, 72, 96 and 120 h. (C) AUCs of the
detected DX-006 catabolites after lysosomal incubation for 120 h. (D)
Lysosomal TARSC analysis of DX-006 achieved by co-administration
DX-006 with specific cysteine proteases inhibitors (10 pmol/L E64d,
10 pmol/L CA-074-ME) for 48 h, respectively. All data represent
mean = SEM (n = 3), ***P < (.05, Student’s r-test for (C) and
**P < 0.01, #*P < 0.001, One-way ANOVA for (D).

Expectedly, the released lys-MCC-DM1 from both the IN and BS
T-DM1s was reduced to similar extent (Fig. 4D). Lastly, T-DM1,
once being transported into lysosomes, undergoes proteolytic
degradation and releases the toxic payloads to induce cancer cell
apoptosis. In line with the lysosomal TARSC results, the pro-
duction of the major catabolite, lys-MCC-DM1, was severely
impaired after incubation with the cysteine protease inhibitor

E64d (Fig. 4E). The primary contribution of cysteine protease to
T-DM1 catabolism is further substantiated by the marked decrease
of lys-MCC-DM1 when another cysteine protease inhibitor CA-
074-ME was administered. In contrast, neither pepstatin A tar-
geting aspartic protease nor aprotinin targeting serine protease can
reduce the yield of lys-MCC-DM1 catabolized from T-DMI1
within 72 h post-administration. Collectively, through TARSC
analysis of the IN and BS T-DM1 we find TARSC can reveal
which protein targets are requisite for ADC payload release and
thus lay a mechanistic foundation for advancing ADC R&D by
improving the efficiency of ADCs in antigen/mAb binding,
internalization, transport and proteolysis. Moreover, TARSC pro-
vides a new perspective in biosimilarity assessment, since it ex-
amines not only the kinetics of the catabolites in target cells/
organelles, but also how the kinetic profiles are influenced in
response to targeted interferences.

3.4.  TARSC analysis implies in vitro and in vivo therapeutic

efficacy

Based on the resemblance of TARSC profiles between the IN and
BS T-DM1s, we hence inferred that the two types of T-DM1
would exhibit similar cytotoxicity against BT474 cells. This hy-
pothesis was confirmed in Fig. 5A, which showed that no statis-
tical significance between the ICsy values of the IN and BS T-
DMl1s (Fig. 5B). Next, we asked whether the cytotoxicity of the
BS and IN T-DM1 would decrease to similar magnitude when the
expression levels of given protein “targets” were diminished or
when their functions were impaired. Indeed, we found the in vitro
viability between the IN and BS T-DMI1s both increased upon
HER?2 silencing, whereas their increases in viability showed no
significant difference (Fig. 5C). Similarly, after we inhibited the
ADC internalization process via chlorpromazine, blocked the
transport using Bafilomycin A1 or disrupted lysosomal proteolysis
by the administration of E64d and CA-074-ME, significantly
diminished in vitro potency of both BS and IN T-DM1 were noted
compared to that of ADCs subjected to no targeted interferences.
In agreement with TARSC analysis, cytotoxicity of both T-DM1s,
regardless of the absence or presence of the targeted interferences
as exemplified above, held constant. Furthermore, consistent with
the negligible effect of aspartic/serine protease inhibition on
payload release, inhibition of these proteases using pepstatin A or
aprotinin posed no influence on T-DMl-induced cytotoxicity
(Fig. 5C). Collectively, the protein targets possibly involved in T-
DM1 payload release can be comprehensively tested via TARSC
analysis, and those that are requisite for payload release and
thereby the exertion of anti-cancer efficacy are readily identified.

Furthermore, to examine whether the catabolic behaviors of the
two T-DM s revealed by lysosomal and cellular TARSC study can
also be translated to in vivo anti-cancer efficacy, we performed a
15 mg/kg single-dose intravenous administration of IN or BS T-
DMI1 in BT474 xenograft-bearing nude mice and compared the
resultant catabolic profiles as well as the anti-tumoral effect.
Fig. 5D indicates that both IN and BS T-DM1s exerted significant
suppression on tumor growth after 4 days post-treatment. At 7
days post-administration, tumor volumes in the IN and BS T-DM1
treatment groups have shrunk 28.6% and 38.8% compared to the
volumes in the control group. No significant difference of the anti-
tumor efficacy was observed between the IN and BS T-DMI1
treatment.

Lastly, we sought to investigate that whether T-DMI is
catabolized in vivo in similar manner as in vitro TARSC analysis.
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We confirmed that lys-MCC-DM1 is also the major T-DM1
catabolite in tumor mass compared to DM1 (Fig. SE). Moreover,
lys-MCC-DM1 increased in a time-dependent manner at Day 4
compared to Day 1 post-injection. Intriguingly, in agreement with
the negligible difference in the concentration of lys-MCC-DM1
within the BT474-xenografted tumors collected at Day 1, 4, and
7 post-administration using the IN and BS T-DM1, no significant
difference in the in vivo anti-tumoral efficacy was observed be-
tween the two T-DM1s (Fig. 5D).

It is thus reasonable to anticipate that TARSC analysis is useful
for inferring the in vitro and in vivo therapeutic efficacy as well as
the catabolic behaviors of ADCs during screening. This will
significantly assist the judgment regarding whether in vivo phar-
macological and catabolism experiments should proceed when a
plethora of ADC candidates during an early developmental stage
need to be analyzed.

3.5.  TARSC analysis of novel ADCs

A tubulysin ADC-candidate (DX-006) was designed as a cysteine-
conjugated noncleavable ADC (Fig. 6A). The linker and warhead
were first linked together as Tub-006 and then conjugated to
cysteine residues on trastuzumab. The prerequisite for DX-006 to
induce significant cancer cell killing effect is the effective release
of active toxin upon lysosomal proteolysis. Therefore, we con-
ducted lysosomal TARSC analysis by incubating DX-006 with
CLF and measuring the temporal changes of its major catabolites
including cys-Tub-006 and Tub-006. As shown in Fig. 6B, we
noted both catabolites exhibited a time-dependent increase with
prolonged incubation. Moreover, the production of Tub-006 dis-
played a steeper increase at later time points compared to cys-Tub-
006. Since cys-Tub-006 and Tub-006 displayed comparable
cytotoxicity against BT474 cells (Supporting Information
Fig. S1), the observed kinetics suggest active release of both
payloads, and hence predict efficient cell killing effect for DX-006
(Fig. 6C).

We further pursued the catabolism routes of these two catab-
olized products by incubating DX-006 with selected protease in-
hibitors. In accordance with other cysteine-conjugated non-
cleavable ADC, cysteine protease inhibitors blocked the lyso-
somal catabolism of DX-006 and yielded markedly decreased
concentration of cys-Tub-006 in lysosomes (Fig. 6D). Unlike cys-
Tub-006, the administration of cysteine proteases inhibitors
exhibited negligible influences on the concentration of Tub-006
after incubating DX-006 with CLE.

4. Discussion

In this study, we propose a TARSC approach that measures ca-
tabolites kinetics for ADCs of interest, and further examines the
changes of the catabolic behaviors in response to pharmacological
or genetic interferences posed on given proteins/pathways. We
find TARSC is useful for elucidating the requisite proteins
involved in ADC delivery and active payload release, and hence
the exertion of ADC cytotoxicity. We first investigated the use of
TARSC in probing ADC catabolism in lysosomes using the
innovator T-DM1 as a model ADC. Indeed, we observed time- and
concentration-dependent production of catabolized lys-MCC-
DM1 dependent of lysosomal cysteine protease rather than
serine/aspartic proteases”>°. Previously, in vitro studies that
aimed to dissect the roles of lysosomal protease in the process of
ADC catabolism were conducted using different model systems

including enriched lysosomes™, liver S9 fraction'’ and purified
lysosomal protease”’. However, enzymes contained in liver S9
fractions are much more complicated than lysosomal enzymes,
and the microenvironment in liver S9 fractions at pH 7.4 markedly
differs from the acidic pH in lysosomes'>**?°. Regarding the
purified lysosomal proteases, numerous lysosomal enzymes are
required to truly mimic the multifarious proteolysis activities that
occur within lysosomes®*. Alternatively, our study employed the
easily-harvested CLF from rat liver to monitor the ADC catabolic
behaviors, and demonstrated that the CLF competently generated
lys-MCC-DM1 in a time-dependent manner as those produced in
lysosomes within the target cells BT474 (Supporting Information
Fig. S2). In agreement, protein homology analysis of cathepsins
show great percentage of identity between those from the two
species (Supporting Information Fig. S3), implying their similar
structures, functions and comparable activities in protein prote-
olysis. Therefore, although enriched lysosome fractions collected
from target cancer cells can better mimic the release of active
payloads occurred in target cells and in vivo, the CLF model is
believed to serve as a useful system for early-stage screening and
quality assessment of ADCs.

After proving TARSC analysis enables ADC catabolism
studies in lysosomes, we next asked whether TARSC is applicable
to examine the active payloads released from ADCs in intact cells
where multiple crucial biological processes including antigen—
antibody binding, intracellular internalization, trafficking and
lysosomal degradation can be reflected'>*°. We found that lys-
MCC-DM1 did not show dose-dependent increase with the
administered concentrations of T-DM1, whereas DM1 increased
with the ramped administered concentrations. This distinction in
cellular catabolic behaviors can be explained by that the amount
of T-DM1 that become internalized and then catabolized to lys-
MCC-DM1 already reached saturation at the lowest dose due to
the limitedly available amount of HER2 on cell surface, whereas
DM1 shed from T-DM1 is directly correlated to the administered
dose independent of the amount of unoccupied HER2.

After we obtained the rate and degree of payload released from
ADC degradation, we found such information cannot dissect the
role of given protein plays in ADC catabolism in target cancer
cells. Consequently, similar as lysosomal TARSC, we adopted
genetic and pharmacological measures to interfere with certain
proteins of interest that we speculated would affect T-DMI
catabolism. We found targeted interferences of HER2, clathrin,
H*-ATPase and lysosomal cysteine protease blocked the release
of active payloads, whereas disruption of lysosomal serine and
aspartic protease brought negligible changes to T-DMI1 catabo-
lism. Thus, TARSC analysis shows potential in identifying pro-
teins that are requisite or conducive to ADC catabolism and hence
the exertion of anti-tumoral efficacy. Intriguingly, recent mecha-
nistic study has uncovered a subset of late endolysosomal regu-
lators such as RMCI1 that is important for lysosome maturation
and consequently ADC toxicity by CRISPR-Cas9 screens’'.
Accordingly, we anticipate the combination of large-scale
CRISPR-Cas9 screens with LC—MS/MS-based TARSC analysis
can together uncover novel protein targets that regulate ADC
internalization, trafficking and payload release, and provide in-
sights regarding how to improve ADC design and propose com-
bination therapeutic strategies.

Notably, in this study we used intracellular concentration of T-
DM1 catabolites to estimate how much payloads can access their
cytoplasmic targets. Although previous studies and our analysis
using tools like LC-MS/MS and fluorimetry have shown that the
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majority of payloads once generated in lysosomes escape into the
cytosol (Supporting Information Fig. S4), further isolation of
cytoplasmic T-DM1 catabolites for TARSC analysis is believed to
more accurately reflect the active, free payload that can bind to
microtubules located in cytoplasm than intracellular concentration
as we adopted for T-DM1 in this study.

Since the therapeutic efficacy of an ADC can only be exerted
when its loaded drug is released into its target cells, ADC’s
catabolic behavior is highly correlated to its therapeutic out-
comes™**? It is thus reasonable to speculate that TARSC anal-
ysis will also deliver useful message for inferring regulators of
ADC toxicity. By intervening in proteins essential for ADC
internalization, transport and degradation, we demonstrated that
the diminished in vitro efficacy of ADCs was consistent with the
blocked release of T-DM1 catabolites (Fig. SC). Therefore, the
knowledge gained via TARSC analysis will significantly improve
our understanding of key regulators of not only ADC delivery/
catabolism but also the toxicity.

Besides mechanistic studies of ADCs, TARSC opens new av-
enues for ADC biosimilarity assessment. Specifically, we first
conducted lysosomal TARSC analysis using a BS T-DM1, and
confirmed that its catabolic profiles, catabolites AUC and the
changes in response to targeted interferences of lysosomal prote-
ase resembled that of the innovator (Fig. 2). Further, the indis-
tinguishable catabolic behaviors between the IN and BS T-DM1s,
regardless of the absence and presence of the specific interferences
made to given proteins involved in antigen binding, internaliza-
tion, transport and degradation, confirmed their biosimilarity.
Together with the in vitro and in vivo anti-tumoral assays, we
conclude that the IN and BS T-DM1 were processed and catab-
olized by its target cells with great biosimilarity, and hence eli-
cited similar toxicity. Thus, our study shows that comparative
analysis of ADC TARSC profiles is complementary to the con-
ventional therapeutic efficacy assays such as cytotoxicity that are
often employed to evaluate in vitro biosimilarity between IN and
BS (Fig. 5). Moreover, such information also serves as a valuable
reference for inferring similarity regarding in vivo efficacy and
pharmacokinetics between the ADC IN and BS*. However, the
in vitro—in vivo correlation must be established with discretion®,
since the disposition and catabolism of ADCs in vivo is much
more complex than that occurring in cultured cells®*’.

Lastly, TARSC provides clues for ADC design, optimization
and screening. For instance, when screening a plethora of ADC
candidates composed of different mAbs, linkers or toxins, TARSC
elucidates which ADC release the payload rapidly and efficiently,
and hence serves as a powerful tool in the discovery stage before
proceeding to time-consuming and costly in vivo assays. Here we
employed lysosomal TARSC to conduct a pilot study on the
catabolism of DX-006. We recorded the release of both cys-Tub-
006 and Tub-006 in CLF in a time-dependent manner. Intrigu-
ingly, the administration of cysteine proteases inhibitors markedly
reduced the concentration of cys-Tub-006, whereas the generation
of Tub-006 remained unaffected by the administration of lyso-
somal protease inhibitors. This distinction indicates that the pro-
duction of cys-Tub-006 necessitates lysosomal cysteine proteases;
however, unlike cys-Tub-006, Tub-006 is mainly produced in ly-
sosomes due to retro-Michael addition independent of the exam-
ined proteases. Together, the above TARSC results revealed the
active release of the two payloads for the new trastuzumab—toxin
conjugate in CLF. Such catabolism profile of DX-006 is specu-
lated to lead to improved cytotoxic activity and solicits further
scaling-up to in vivo efficacy assays.

5. Conclusions

ADCs are embracing an emerging development over the past
decade. Versatile combinations of mAb, linker and drug payload
have rendered the ADC technology as a powerful drug R&D
paradigm that can efficiently reach its target cells with reduced
toxicity. Nevertheless, a universal technology that efficiently and
conveniently evaluates the involvement of key biological pro-
cesses in ADC delivery and payload release for mechanistic
studies and quality assessment is lacking. Herein, we showed the
TARSC approach that measures kinetics of ADC catabolism in
target cells and subcellular compartments, and records the changes
when given proteins/pathways are genetically or pharmacologi-
cally interfered. TARSC can thus be applied to elucidate which
proteins such as cysteine or aspartic protease contributes to ADC
delivery and degradation for mechanistic studies. Moreover, we
demonstrated TARSC analysis can deeply and comprehensively
examine the biosimilarity between an ADC biosimilar and its
innovator reference. Lastly, the application of lysosomal TARSC
analysis to a novel trastuzumab—drug conjugate suggests the
active payload release and its catabolism mechanism. Collectively,
we anticipate wide and versatile uses of TARSC analysis in ADC
early-stage screening, assessment and mechanistic studies, and its
strong support to future pharmacological investigations and ADC
design/optimization.
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