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In vitro cellular assays are indispensable tools for preclinical understanding of therapeutic candidates.
Herein, we have outlined methods for robust determination of cellular sensitivities by adapting drug-
induced growth-rate inhibition analysis combined with intracellular drug exposure measurements.
Using two auristatins as tool molecules, we demonstrate wide variety of cellular response in

sensitive versus resistant cancer cells, as well as in a toxicity-relevant cell type. Cellular response
analysis generates metrics describing efficacious extracellular concentrations of drug, as well as

the phenotype of response—cytotoxic versus cytostatic. Cell associated drug measurements bridge
the gap between extracellular drug concentrations and exposure at intracellular sites required for a
desired pharmacodynamic response. Such methods can complement rational drug design by providing
thorough understanding of the drug mechanism of action, guide mechanistic selection of target
indication and inform exposure-response analysis at various stages of drug discovery.

A crucial part of modern drug development is the fundamental understanding of the exposure-response
relationship that drives the pharmacology and toxicology of a therapeutic candidate. This relationship for each
drug molecule is defined by the exposure required at the site of action and the time course of exposure, which
in turn depends on the biological properties of the target molecule or cellular pathways involved. Recent studies
have shown that the inability to achieve adequate drug exposure at the target site of action is one of the primary
reasons for attrition during preclinical drug discovery work and ultimate failure in the clinic!=>.

Various in vitro tools have been developed for early understanding of drug concentrations required for
exerting a desired pharmacodynamic (PD) response in representative biological systems. For example, the
“potency” of small molecule oncology drugs is often assessed by obtaining concentration-response curves in a
2D/3D culture of cancer cell lines, from which an IC, or IC, value corresponding to the drug concentrations
featuring 50% or 90% reduction in signal with respect to untreated control can be derived. The signal measured
to generate the curves is a direct or surrogate measurement of the number of viable cells at a treatment endpoint.
Amongst others, cellular ATP content is a popular surrogate measurement of the number of viable cells and can
be quantified by commercially available assays*. However, with such an approach, the resulting drug potency
parameter (e.g., IC,)) is reported as the nominal concentration added to cell culture media (extracellular
concentrations), creating a potential disconnect for intracellular targets. Extracellular concentrations and
exposure at the intracellular site of action can vary depending on the drug properties (cellular permeability,
interaction with drug metabolizing enzymes, transporters and efflux pumps, binding affinity to non-specific
cellular proteins and lipids) and biological target properties (intracellular target concentration, sub-cellular
location). The disconnect due to the barriers of intracellular delivery exists for small molecule drugs dosed as
themselves or after bioconjugation to a moiety for target mediated intracellular delivery such as in antibody drug
conjugates (ADCs) or nanoparticles. In addition, the results of such concentration-response curves has been
shown to be sensitive to experimental variables such as cell doubling time, duration of treatment, and specific
properties of the endpoint assay, thus confounding the understanding of sensitivity/resistance of a cell type to a
particular drug mechanism of action (MoA)®.
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There is a need to employ more robust in vitro tools to determine sensitivity of cell/tissue systems to a
particular class of drug, as well as to better understand the exposure at the site of action without solely relying
on extracellular drug concentrations. In this work, we have attempted to address the gaps stated above. Firstly, to
robustly determine cellular sensitivities to drugs, we designed assays and analyzed data by adapting normalized
growth-rate inhibition (GR) metrics over traditional metrics of IC,;, EC, and E __parameters (Supplementary
Fig. S1)°. It has been shown experimentally using a panel of breast cancer cell lines that traditional ICSO; and
E, .. metrices can be highly sensitive to the number of cell division taking place during course of assay’. On
the contrary, GR-methods quantify drug sensitivity on a per cell division basis. By adopting more uniform cell
growth during experiments and utilizing normalized growth rate inhibition-based data analysis, the cellular
sensitivity metrices GR, and GR __are more robust to experimental variables that impact cell division rates’=".
This approach was developed as part of the NIH-LINCS initiative and has been used to explain confounding
differences in drug sensitivities across databases and improve preclinical pharmacogenomics™!!. Secondly, to
determine intracellular drug exposures, we have used liquid chromatography tandem mass spectrometry based
quantitative bioanalytical tools (LC-MS/MS) capitalizing on the specificity and high-throughput nature of the
technique!?!3. We estimated steady state intracellular concentrations of the drug molecules required to elicit a
desired degree of PD response (growth inhibition). A comparison of required intracellular exposures has then
been made between the drug molecules and the different cell types studied.

As tool molecules, we chose two microtubule inhibitors (MTIs) from the auristatin family which have
been used as payloads for ADCs for target mediated intracellular delivery. Auristatins bind onto the ‘peptide
site’ of B-tubulin in the tubulin heterodimer'*!®. The mechanism by which they act includes the induction of
curved aggregates and inhibition of nucleotide exchange, resulting in inhibition of tubulin polymerization'>-17.
Monomethyl auristatin D (MMAD) and monomethyl auristatin E (MMAE) are synthetic MTTs and have
reactive chemical groups for bioconjugation. They have been used as payloads for targeted delivery attached
to ADCs. Notably, MMAE has been used in multiple ADCs preclinically for oncology applications and in five
out of twelve FDA approved ADCs: Adcetris’, Polivy” and Padcev’, Tivdak, and Aidixi. We characterized these
auristatins in a panel of triple negative breast cancer (TNBC) cell lines: MDA-MB-468, HCC1806, HCC1937
and HCC1143. MTIs have been demonstrated to have activity in breast cancer and in TNBC in particular' 8. In
our experiments, we included the HCC1937 cell line which has demonstrated incomplete growth inhibition in
response to paclitaxel and vinorelbine due to functional loss of the tumor suppressor gene BRCA1'°. In addition,
wealso used the HCC1143 cell line which demonstrated resistance (high IC, ) to paclitaxel and eribulin potentially
due to upregulation of a cluster of genes in epithelial-to-mesenchymal transition pathway?’. The comparison
between cell lines with different resistance phenotypes will provide information to better understanding of the
individual significance of in vitro data metrices generated from the concentration-response data. In addition,
we also included liver sinusoidal endothelial cells (LSECs) as a non-cancer cell type to represent a potential
toxicologically relevant tissue. In a living system, these cells line the sinusoidal capillary walls of the liver and
have direct exposure to therapeutics in circulation. Due to their location and function, they may be particularly
sensitive to therapeutics with preferential disposition in the liver tissue. Understanding the relative sensitivity
of cancer versus representative toxicity sensitive cells in vitro towards a class of drug molecules (auristatins) can
potentially inform better matching of drug MoA to target indication, and ultimately guide the in vivo dosing
strategy necessary for the drug to have efficacy in the target tissue while simultaneously avoiding normal tissue
toxicity.

Results

Permeability, binding, and physicochemical properties of tool molecules

Table 1 summarizes physicochemical parameters for MMAE and MMAD which are key determinants to
cellular disposition of the molecules. Both molecules have comparable passive permeability, plasma, and cellular
binding. MMAD appears to be a more susceptible substrate of efflux pumps MDR1 and BCRP while also being
more lipophilic (higher elogD) than MMAE. Another key binding parameter is the binding affinity to target
tubulin. Literature review found binding affinity (K},) for MMAE-free tubulin binding as 291 nM (fluorescence
polarization binding measurement)'®. K, values for MMAD using similar techniques cannot be found.

Growth rate inhibition (GR) analysis of cellular sensitivity to auristatins
For each drug molecule and cell line, GR analysis was conducted using an online tool (GR calculator)® utilizing
cell line doubling time and CTG assay viability results at the 3-day treatment endpoint (Supplementary Figs. S2,
S3). As outlined in the online tool, GR values at treatment concentration are calculated as follows:

GR (c) =2k(c)/k(0) -1, where, c=concentration; k(c)=treated growth rate; k(0)=control growth rate
(exponential growth under assay conditions).

Drug potency is defined as media concentration at which the drug produces its pharmacological effect. It is
measured by the following metrices:

GR50 Media Concentration at which GR=0.5, or the growth rate of treated cells in inhibited by half relative to
untreated cells.

GEC50 Media concentration required to produce half of maximal response.

GR Analysis demonstrated a range of drug potency as can be anticipated from differential sensitivity of the cells
to the drug’s MoA (Fig. 1). MTT sensitive cells MDA-MB-468 and HCC1806 cell lines achieved defined GR,
values while MTT resistant HCC1143 and HCC1937 cell lines demonstrated only marginal growth inhibition
mostly not reaching GR,; values. An alternate method was used for confirmation of the marginal growth
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Fig. 1. Growth rate (GR) analysis of various auristatin molecules in a variety of breast cancer cell lines and

a representative non-cancer cell type. GR values for MMAE and MMAD (A) derived from a CellTiter-Glo
with a 3-day treatment end point. Summarized GR parameters demonstrating the range of potency (GR,,
GEC,)) and efficacy (GR ) across cell lines (B). All data represents mean + sd, for one experiment with n=3
biological replicates.

inhibition in HCC1937 cells and remove possibility of CTG endpoint assay related artifacts. MDA-MB-468 and
HCC1937 cell lines were transfected with a fluorescent nuclear marker (nucleic red) and used live cell imaging
to longitudinally measure cellular growth behaviors in presence of MMAE. MDA-MB-468 cells growth was
completely inhibited at highest doses of MMAE while HCC1937 cells continued to grow with only marginal
inhibition (Supplementary Fig. $4). LSECs showed a higher GR, values than cancer cell lines, ranging from
3-21x higher for MMAE and 16-39x higher for?.

All cells with varying degrees of MTI sensitivity had defined GEC,; values. Cells with undefined GR,,
(incomplete growth inhibition) had GEC,, values comparable to those of the cells with defined GR, (stronger
growth inhibition).

Drug efficacy is defined as the maximum effect that the drug can produce under highest media concentrations
evaluated/extrapolated. It is defined with the following metrices:

« GR_ [Range=1 to ~1]: Maximum reduction in growth rate achievable.
e GR,>0:Partial growth inhibition.

« GR, = 0: Cytostatic response.

« GR, <0: Cytotoxic response.

A range of drug efficacy was also demonstrated. Maximal growth inhibition phenotype for the MTI sensitive
cancer cell MDA-MB-468, HCC1806 as well as LSECs were similar ranging from near cytostatic to mildly
cytotoxic behavior. No auristatin exerted a strong cytotoxic response (i.e., GR value approaching — 1). This could
be related to the MoA of MTIs or auristatins in general. MTT resistant cells HCC1143 and HCC1937 cell lines
had GR , values indicating incomplete growth inhibition as discussed above.

The corresponding raw CTG endpoint assay results and traditional metrics are calculated and presented in
Supplementary Fig. S3. MDA-MB-468 cells demonstrated nearly identical dose response to MMAE in presence
and absence of 0.6 uM Zosuquidar??, a P-gp efflux pump inhibitor (Supplementary Fig. S5).

Total and unbound cell associated drug concentrations

Cells were treated with 3-day GR. drug concentrations for 72 h, and corresponding total cell associated drug
concentrations were determined by LC-MS/MS (Supplementary Table T1, Eq. 1). Timepoints earlier than 24 h
often had drug concentration below the limit of quantitation. Auristatin molecules reached near-steady state
of intracellular drug concentrations within the first 24 h of exposure in most cases (Fig. 2A). Both auristatins
demonstrated high cellular partition coefficient (Kp) in the ~400-3500 range (Eq. 2, Fig. 2B). Both were highly
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Fig. 2. Total and unbound cell associated drug concentrations for auristatins: Mean total cell associated drug
concentrations (Eq. 1) versus time profiles for cells treated at respective media GR,, drug concentrations (A).
Data presents mean + sd from # =3 biological replicates in one experiment. A tabulation of cellular partition
coefficient (Kp (total) and Kp_ (unbound)), and intracellular total and unbound GR,, drug concentrations
(Egs. 2-5) for each auristatin in the different cell lines/type.

bound in cells with Fu_,;, < 0.02 (Supplementary Table T2). Unbound cellular partition coefficients (Kp, ) were
calculated using Eq. 3 and parameters summarized in Supplementary Table T2. Both auristatins showed Kp,
>1 in all cell line/types.

Intracellular Total GR,, of auristatins were calculated by estimating the near-steady state total cell-associated
drug concentrations when cells are treated with GR, media drug concentrations (Eq. 4). Intracellular unbound
GR, were calculated using Eq. 5.

Discussion
In this work, we have demonstrated methods to estimate intracellular exposures of drug molecules needed
to drive a desired PD response. First, in place of traditional drug sensitivity metrices (Icso’ ECso’ Emax), we
have employed robust growth rate inhibition (GR) analysis to determine cellular sensitivity to a drug. Then, we
have employed LC-MS/MS to quantify cell-associated unconjugated drug molecules and estimated steady state
intracellular drug concentrations needed to exert a desired degree of cell growth inhibition. As tool molecules we
evaluated two auristatin molecules MMAE and MMAD in target TNBC cell lines and a representative noncancer
liver epithelial cell. We have included a comparison of intracellular exposures needed by diseased versus toxicity
relevant normal cells as a potential approach to understand selectively drug MoA in a particular indication.
Drug-induced cell growth inhibition analysis (GR analysis) was applied for robust determination of drug
potency (GR., GEC, ) and drug efficacy (GR ) parameters (Supplementary Fig. S1). Pre-assay optimization
of cell seeding densities ensured all cells were growing exponentially without saturation during assay duration
up to 5 days (Supplementary Fig. S2). Cells had at least one cell division which can help minimize impact of
cell-cycle status on drug sensitivity outcomes. GR analysis of tool molecules in the cell lines demonstrated a
range of potency and efficacy (Fig. 1). Parameters measured at 3-day and 5-day endpoint were comparable
(data not shown). Sensitive cells MDA-MB-463, HCC-1806 and LSECs demonstrate defined GR,, and cytotoxic
(GR,,.<0) or near cytostatic response (GR . _near 0). HCC-1806 demonstrated the highest sensitivity amongst
all cell lines with lowest GR and cytotoxic activity at the highest dose evaluated for both auristatins. Diminished
sensitivity to auristatin MoA in HCC-1143 and HCC-1937 cells is primarily demonstrated by undefined GR,
and partial growth inhibitory response (GR__,_>0) while GEC, values were comparable to other cell lines. This
underlies the significance and complementarity of individual parameters derived from a dose response assay.
The resistance of cell lines may not always manifest as relatively higher GR, IC,, but as only incomplete growth
inhibitory effects at highest dose evaluated. The underlying CTG endpoint assay data was also analyzed to give
the corresponding IC ), EC,  and E___values are shown in (Supplementary Fig. $3). By conducting cellular
experiments following optimized cell seeding density and assay duration, we minimized the potential impact of
cell growth rate and assay conditions on the assay results. Under these optimized assay conditions, GR,, values
were like IC, values, GEC,, values were like EC,,. Higher E___values were related to stronger efficacy, i.e.,
more cytotoxicity. In general, the overall trends in GR-metrics were comparable for MMAE and MMAD in each
cell line/type, and it is anticipated that drugs with varied MoA will result in variable GR-metrics in the same
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cell line'!. MMAD consistently demonstrated lower (6-31x) GR,, than MMAE. Hence, drug potency based on
media drug concentration measurements indicated MMAD is more potent than MMAE.

Efflux pumps are overexpressed and are known to contribute to the drug resistance mechanism of TNBC?.
Since both auristatins are strong substrates of efflux pump P-gp, we evaluated the potential role of drug efflux
pumps in determining cellular sensitivity to auristatins. As representative cell line, we chose MDA-MB-468
which is known to have overexpression of P-gp??%. However, we did not find any appreciable change in dose
response upon P-gp inhibition, indicating insignificant role of P-gp in determining disposition of MAME in this
cell line. Subsequently no further investigation was conducted using efflux pump inhibitors.

GR-analysis resulted in drug potency (GR,) values as extracellular drug concentrations, however since the
target tubulin protein is intracellular, a more representative measurement of drug exposure at site of action would
be intracellular drug concentration. To further understand if the extracellular concentration-based differences
in auristatin drug potency translated to intracellular exposures, we treated cell line/type at their respective
GR,, drug concentration and quantified resulting intracellular unconjugated drug concentration using LC-MS/
MS analysis (Fig. 2A). This time course data was used to calculate cellular partition coefficient Kp, unbound
cellular partition coefficient Kp  (Egs. 2, 3, Fig. 2B). Both auristatins had high cellular partitioning, Kp, in the
400-3500 range (Fig. 2B). It can ! be expected as MMAE and MMAD are lipophilic compounds (Table 1), and
exhibit moderate plasma protein binding (Fu plasma, Table 1) but high cellular binding (Fu cell, Table 1) likely
owing to the abundance of intracellular target tubulin and high non-specific binding to cellular lipids. High
cellular retention of MMAE indicating highly bound nature in cells has been previously reported?. Herein,
we have assumed that Fu, cell experimentally measured using cell homogenate translates to cellular binding
under physiological conditions. It is possible that the concentration of drug used in Fu assay may have been
high where specific binding to tubulin was saturated, resulting in an over-estimation of cellular binding. Both
auristatins exhibited high intracellular partition coefficient Kp, >1. This indicates when the cells are exposed to
the GR, drug concentrations in media, unbound drug accumulated at a higher concentration relative to media,
suggesting potential role of active drug transporters in the cellular accumulation and retention of MMAE and
MMAD.

Intracellular GR,, concentrations were calculated by estimating the near-steady concentrations of total cell
associated drug concentration at GR, treatment (Eq. 4, Fig. 2B). Intracellular unbound GR,, were obtained by
correcting total cell associated concentration with cellular binding (Eq. 5, Fig. 2B). In general, intracellular total
and unbound concentrations GR, followed the same trend as media GR ., drug concentrations. MMAE had
higher intracellular total and unbound GR,, than MMAD, suggesting need for higher compound concentration
to drive the same pharmacodynamic response than MMAD. In summary, MMAE and MMAD possess similar
permeability, binding and physicochemical properties and it resulted in similar cellular disposition, hence media
GR, translated well into their intracellular measurements. MMAD is a more potent compound when used as
small molecule drug and is expected to be more potent when delivered using targeted methods such as ADCs.
Better target binding resulting in superior intracellular potency is demonstrated in literature by cell impermeable
monomethyl auristatin F (MMAF)!>. MMAF has ~ 5x better tubulin binding affinity than MMAE in a cell free
system'> but demonstrates reduced potency (higher media IC,) in cells as it is unable to diffuse across the plasma
membrane?®. However, antibody conjugates of MMAF can be very potent in cells partly explained and by its
high intracellular tubulin binding?*?’ This example also illustrates two molecules with the same MoA may have
different media versus intracellular potency owing to difference in cellular permeability, hence the importance
of intracellular drug concentration measurements. Our literature review did not find tubulin binding affinity
for tool molecule MMAD; hence explanation of intracellular potency differences between MMAE and MMAD
based on tubulin binding affinity could not be included here.

In this work, we have compared two similar auristatin molecules across TNBC cancer cell lines as diseased
target cells and a non-cancer cell type, LSEC, as a representative of toxicity-sensitive cells. This has allowed us to
calculate an effective in vitro therapeutic index (TT) as the ratio of intracellular GR, in LSEC to that in the cancer
cell lines. This surrogate measurement indicates the relative sensitivity of the diseased versus toxicity sensitive
normal cells to individual drug MoA. Such surrogate measurements can enable rank ordering different drugs/
MoAs by their ability to differentiate between diseased verses normal tissue for a particular disease indication.
Emerging understanding of toxicity of targeted therapeutics such as ADCs has enabled identification of cell
lines within a toxicity relevant organ or tissue. For example, mannose receptor expressing LSECs are implicated
in target independent uptake of ADCs resulting in off-target hepatic toxicity’®. Hence, in vitro assays using
cell culture of appropriate cell types can be used to calculate in vitro TI as an early read out of the intrinsic
ability of drugs to differentiate between diseased and normal cells, tissue or organs. Herein, we have provided
interpretation of in vitro TT using limited data on two remarkably similar molecules. We anticipate more
differentiation in TT indices when drugs from different MoA classes are used. Our results show both auristatins
have a positive in vitro Tl: MMAE: 3-60x; MMAD: 12-244 (Supplementary Table T3). Hence, the tested TNBC
cell lines were selectively more sensitive to both auristatins, and MMAD may better differentiate between TNBC
and representative normal cells. By extension, an ADC designed for TNBC indication and potential toxicities
in liver tissue could utilize an auristatin payload to provide selective protection to sensitive normal tissue. On
the other hand, when comparing cellular efficacy parameter GR_ .o clear trend was observed differentiating
cancer versus LSECs (Supplementary Table T3). At the highest dose evaluated, all auristatins elicited moderately
growth inhibitory to moderately cytotoxic behavior. This result highlights if overdosed, the auristatins may lose
the ability to provide selective sensitivity to cancer cells and cause equal damage to both targeted diseased and
toxicity sensitive tissue.

By virtue of using intracellular measurements for calculating in vitro TI, as opposed to media measurements,
we were able to compare the inherent cellular sensitivities to the drugs when delivered by intracellularly targeted
platform such as ADCs. Using an index that can compare diseased versus normal tissue provides added benefit
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over and above using GR-metrics to select disease indication by virtue of high drug efficacy and potency in
diseased cells only!".

While applying the GR methods, we have assumed the resulting growth rates in presence of drugs are
approximately exponential and conducted GR analysis based on the 3-day assay endpoint. We have utilized
an endpoint assay dependent on quantification of cellular ATP (CTG Assay 2.0, Promega). By virtue of being
an endpoint assay, there is a risk of losing information by not analyzing early and intermediate timepoints.
In addition, surrogate measurements of cell viability such as by ATP content or MTS assay (quantifies
NADPH-dependent dehydrogenase enzymes) may not allow accurate determination of cellular sensitivity
due to discrepant measurements of cell count?. They have been shown to often underestimate drug potency
and efficacy. To avoid these issues, instead of relying on a surrogate endpoint assay one may enable accurate
measurements of cell counts during the multiday assay. One way to do this is by transfecting the cell line with a
fluorescent nuclear marker and using imaging for counting cell nuclei in high throughout plate base damaging
systems (Fig. S4). Time-dependent cell count information can be used for time-dependent GR-analysis for in
depth information on diverse mechanisms of drug sensitivity and resistance’. In addition, fluorescence markers
for specific phenotype such as apoptosis, senescence or cell death can also be used.

While the methods are straightforward, the output data is sensitive to accurate measurement of number of
cells in the LC-MS/MS samples and mean cellular diameter. As good practice, we counted cells and measured
diameters only after treatment endpoint and all wash steps were completed and samples were ready for LC-
MS/MS analysis. All cells evaluated were adherent cells and required trypsinization post treatment endpoint,
which may lead to loss of cell-associated drug due to passive permeability and active drug transporter/efflux
pumps activity. To further minimize such loss, one can consider culturing adherent cells in suspension mode
and bypassing post-treatment trypsinization for such experiments. For all processes post trypsinization, we
maintained cells and equipment at 4 °C or on ice. Another alternative is to extract cellular drug from an adherent
monolayer. However, this may increase risk of organic solvent evaporation during extraction, as well as extraction
of compound absorbed/adsorbed non-specifically into the cell culture plasticware®®. We used GR,; media doses
for quantification of intracellular exposures which resulted in growth inhibition. However, at higher doses the
drugs can exert a dominant cytotoxic response which will result in loss of representative cells, hence a potential
loss of representative data from LC-MS/MS quantification.

The methods described in this work provide ways to better understand exposures at the intracellular site
of action required to elicit a PD response. Application of GR-analysis enables robust determination of cellular
sensitivity by removing confounding experimental variables such as cell seeding density while informing on both
drug potency (GR,;, GEC,) and phenotype of response at the highest doses evaluated (GR ). In addition, using
a surrogate measurement such as in vitro therapeutic index that compares diseased versus normal cells provides
added benefit over using drug sensitivity in diseased cells only. In early drug discovery stages, such methods
can complement rational drug design and match target indication to drug MoA, especially for intracellularly
targeted delivery platforms. In late-stage drug discovery and development, similar methods can validate drug
MoA and inform mechanistic exposure-response analysis to project efficacious doses and dosing strategies.

Methods

Physicochemical properties of tool molecules

Data summarized in Table 1 were generated using previously described methods®!-34.

Cell culture

MDA-MB-468, HCC1806, HCC-1937 and HCC-1143 cell lines were obtained from ATCC or the AbbVie
Biorepository. MDA-MB-468 and HCC1806 cells were grown in Dulbecco’s Minimum Essential Medium
(DMEM) containing 10% fetal bovine serum (FBS). HCC1143 and HCC1937 cells were cultured in Roswell
Park Memorial Institute medium (RPMI) containing 10% FBS. Primary human liver sinusoidal endothelial cells
(LSECs) were obtained from Cell Systems and cultured as recommended by the vendor. All cell lines were grown
under standard conditions (37 °C with 5% CO,).

Growth curves for optimal seeding densities

Optimal seeding density for log-phase growth under assay duration was determined for each cell type by plating
500-7500 cells per 200pL media in a 96 well plate (surface area=0.32cm? /well) (Fig. S3). Cells were seeded in
triplicate and allowed to adhere to the plates for ~24 h then bright field images of cell growth were captured
(every 2-6 h) by an Incucyte Zoom Live-Cell Analysis System (Essen Bioscience) for 5 days. Corresponding
bright field confluency area was obtained by Incucyte image analysis software and plotted for visualizing the
seeding density dependent growth properties using Prism (GraphPad). Cell doubling time was determined by
fitting longitudinal confluency data using exponential cell growth equation on Prism.

CellTiter-glo (CTG) assay

For generating concentration-response curves, cells were seeded at the optimal seeding were allowed to incubate
at 37 °C with 5% CO, for 24 h to allow cells to adhere prior to treatment. Cells were treated with 0-200nM of
MMAE or MMAD continuously for 3 and 5 days. At the end of treatment, CellTiter-Glo 2.0 reagent was used
according to manufacture instructions and viability results read with an EnSpire Mulitmode Plate Reader. For
all reported data in these studies, the 3-day endpoint was used.

For evaluating effect of P-gp inhibition on MDA-MB-468 cells, CTG assays were conducted in presence and
absence of 0.6 uM Zosuquidar [P-gp inhibition Ki=0.06 pM] in parallel. Comparison of auristatin free cells in
presence and absence of Zosuquidar confirmed the P-gp inhibitor by itself did not have undesired effect on cell
growth.
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Drug-induced growth rate inhibition (GR) analysis

For each drug molecule and cell line/type, GR analysis was conducted using an online tool available to the
public®. Cell line doubling time was used to calculate number of cell divisions under experimental conditions.
CTG assay viability results at the 3-day treatment endpoint were used as a surrogate measurement of number of

viable cells. Representative IC,, EC,, E_ _was calculated on Prism [GraphPad].

50° 50”

Measurement and calculations related to intracellular drug concentrations

For each drug molecule, cell lines with a defined GR,, value (i.e., media drug concentration at which GR
value=0.5 non-treated control GR) were chosen to further understand intracellular exposures. Cells were
plated at the previously described seeding densities, scaled up to include enough cells required for LC-MS/MS
sensitivity and treated with drug at their respective GR,, concentrations. Treatment media was removed from
cellsat 2, 4 or 5, 24, 48 and 72 h, cells were washed twice with PBS, trypsinized and resuspended into a single cell
suspension. Triplicate cell samples (25uL each) were then taken for LC-MS/MS analysis and the remainder was
used for measuring cell number, diameter, and viability. Media samples from each timepoint were also taken for
LC-MS/MS analysis.

Standard curves of MMAE and MMAD were created in DMSO using a Hamilton Automated Liquid
Handling Microlab STAR. All samples and standards were volume and matrix matched with untreated cells
and DMSO prior to extraction by protein precipitation. Samples and standards were processed with protein
precipitation using 100puL of 95:5 acetonitrile: methanol containing internal standards, vortexed at 1600 rpm for
1 min, followed by centrifugation at 3202xg for 5 min prior to analysis with LC-MS/MS.

LC-MS/MS analysis was performed with a Sciex 6500 Triple Quad mass spectrometer using multiple reaction
monitoring (MRM) coupled to an Agilent 1290 LC system with a CTC PAL autosampler. A Phenomenex Kinetex
C18 Reversed Phase Column 30x2.1 mm with 5 um particle size was used with a 1-minute elution gradient.
Mobile Phase A was composed of high-performance liquid chromatography (HPLC) grade water with 0.1%
formic acid. Mobile phase B consisted of HPLC grade acetonitrile with 0.1% formic acid. The MRM transitions
were: MMAE m/z 718.6 a 685.5, MMAD m/z771.6 a 188.1.

The sample was initially held at 95% mobile phase A and 5% mobile phase B for 0.2 min to ensure retention
and sufficient clean up. The gradient was ramped to 95% mobile phase B over the following 0.6 min, where it was
held for an additional 0.2 min. The gradient was then brought back to initial conditions for 0.02 min. The total
flow rate was held at 1500 pL/min. The analyte and internal standard peak areas were determined using Sciex
Analyst™ 1.7 software. The analyte concentrations of each sample were calculated by least squares regression
analysis of the peak area ratio (analyte/ internal standard) of the standards matrix matched with cells versus
concentration.

The standard curves were fit using a quadratic 1/X weighted regression and met a minimum correlation co-
efficient value of 0.98; the lower limit of quantitation (LLOQ) is defined as the lowest standard curve point for a
given species with a signal to noise ratio greater than three.

For each drug in a cell line, parameters reported in Fig. 2B were calculated as follows:

Mean cell associated drug per live cell (nanomoles)

Mean Intracellular Drug Concentration [nM] = - - T - (1)
Mean single live cell volume = 5 x w13 (liters)
where, r = Mean radius of a single liver call as measured from experimental cell samples.
. . AUCO — 72h [Mean intracellular drug concentration vs. time]
Partit t [Kp] = 2
artition cocf ficient [Kp] AUCO — 72h [Measured media drug concentration vs. time] @
Partiti icient [Kp| x F' l
Unbound partition coef ficient [Kpuu] = artition coef ficient [Kp]« Flu, ce (3)

Fu, media

where, Fu_ . = Fu, g, plasma WaS derived from Fu, plasma values by adjusting for a dilution factor of 10. This was
done since cells were incubated in culture media with 10% fetal bovine serum.

For cases where the media concentrations were too low to be accurately quantifiable, a constant media
concentration equal to that dosed initially was assumed throughout the time course. Thereby, denominator for
Eq. 2 was estimated to be [Media GR,*72 hours].

Intracellular total and unbound GR, were calculated using following equations as the steady state intracellular
concentration when cells are treated at GR,, media concentrations.

Intracellular GR50 [nM] = Media GR50* Kp (4)
Intracellular unbound GR50 [nM] = Intracellular GR50 [nM]* Fu, cell (5)

Measurement of fraction unbound in cells (Fu, cell)

Flux dialysis experiment was conducted to determine compounds undiluted fraction (f) using method
described previously*. Briefly, in accordance with the manufacturer’s recommendations, MWCO 12-14 kDa
cellulose dialysis membrane strips (HTDialysis, Cat. No. 1101) were prepared and placed into an HT Dialysis 96b
apparatus (HTDialysis, Cat. No. 1006). MDA-MB-468 cell pellet (~ 100 million cells) was diluted to 20-fold in 1X
DPBS pH 7.4 (ThermoFisher #14190-144), to homogenize cells were sonicated for 2 pulses of 20 s, 60% intensity
resting in between on ice for 1 min. Cell homogenate was then supplemented with 10 uM final concentration
of sodium azide to prevent microbial growth over the long incubation period. Cell homogenate containing 1
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uM of test compound (donor matrix) was dialyzed against compound-free cell homogenate (receiver matrix) in
the HTDialysis apparatus at 37 °C with 5% CO, and shaking at 160 RPM for up to 120 h. Aliquots (10 uL each)
of both donor and receiver matrix were taken at 0, 0.25, 0.5, 2, 4, 24, 48, 72, 96 and 120 h and stored at —20 °C
until LC-MS/MS analysis. Standard curves were prepared in DMSO. All samples and standards were volume and
matrix matched with cell homogenate, quenched with 150 pL of acetonitrile/methanol (95/5, v/v) containing
50nM carbutamide internal standard, vortexed on VWR VX2500 multitube vortex for 2 min with a speed setting
of 5. Samples are centrifuged at 1800xg for 15 min at 4 °C.

For compound quantification using HPLC-MS/MS, 5ul supernatant was injected onto a Waters Xbridge C8
column using CTC PAL autosampler connected to an Agilent 1290 HPLC and an Sciex API 6500 + with a turbo
spray ion source. Mobile Phase A was composed of high-performance liquid chromatography (HPLC) grade
water with 0.1% formic acid. Mobile phase B consisted of HPLC grade acetonitrile with 0.1% formic acid. The
sample was initially held at 95% of 0.1% formic acid (mobile phase A) and 5% of 0.1% formic acid in acetonitrile
(mobile phase B) for 0.05 min. The gradient was ramped to 2% mobile phase A over the following 0.3 min, where
it was held for an additional 0.7 min. The gradient was then brought back to initial conditions for 0.8 min. The
total flow rate was held at 800 pL/min.

The MRM transitions were: MMAE m/z 718.6 / 152.1, MMAD m/z 771.6 / 188.1. The analyte and internal
standard peak areas were determined using Sciex Analyst™ 1.7 software. The analyte concentrations of each
sample were calculated by least squares regression analysis of the peak area ratio (analyte/ internal standard) of
the standards matrix matched with cells versus concentration.

The standard curves were fit using a quadratic 1/X weighted regression and met a minimum correlation co-
efficient value of 0.98; the lower limit of quantitation (LLOQ) is defined as the lowest standard curve point for a
given species with a signal to noise ratio greater than 3.

% Recovery and receiver/donor ratio of each compound were calculated using following equations described
previously®*. The rate of flux is calculated by plotting the ratio of receiver/donor against time. The slope was
calculated on Prism (GraphPad) using non-linear regression with 1/y weighting, the slope of the line (flux rate,
1/h) was converted to unbound fraction using the flux scaling factor. The flux scaling factor is the measured fu/
flux rate that was determined using a set of reference compounds.

Data availability
Data sets generated during the current study are available from the corresponding author on reasonable request.
All data is property of AbbVie Inc.
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