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Kpuu,cell,hom – unbound partition coefficient based on fu,cell,hom 

Kpuu,cyto – unbound partition coefficient based on fu,cyto 

fu,cell – fraction of unbound drug in the cell 

fu,cell,hom – fraction of unbound drug in the cell based on binding in cell homogenate 

fu,cyto – fraction of unbound drug in the cell cytosol based on Kp saturation 

Papp – apparent permeability coefficient in Caco-2 assay 

IC50,biochem – biochemical potency 

IC50,cell – cellular potency 

ABCB1/MDR1 – multidrug resistance protein 1 

ABCC1/MRP1 – multidrug resistance-associated protein 1 

ECM – Extended Clearance Model 

TR-FRET – Time-Resolved Fluorescence Energy Transfer 

LC-MS/MS – Liquid chromatography – tandem mass spectrometry 

MRM – multiple reaction monitoring 

DDI – Drug-drug interaction 

IVIVE – in vitro to in vivo extrapolation 

LO – lead optimization 
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3. Abstract 

The unbound partition coefficient Kpuu allows the estimation of intracellular target exposure 

from free extracellular drug concentrations. Although the active mechanisms controlling Kpuu 

are saturable, Kpuu is commonly determined at a single concentration which may not be 

appropriate in cases where drug concentrations can largely vary, e.g. in plasma in vivo or in 

vitro IC50 assays. We examined the concentration dependency of Kpuu in vitro using KAT6A 

inhibitors with varying potency drop-off in ZR75-1 breast cancer cells to account for exposure 

related discrepancies between cellular and biochemical IC50. Considering saturability resulted 

in a better quantitative bridge between both IC50 values and gave way to a simplified method 

to determine Kpuu which is suitable for the prediction of unbound cytosolic drug concentrations 

without the need to generate fu,cell estimates from binding studies in cell homogenates. As 

opposed to the binding method which destroys cellular integrity, this approach provides an 

alternative fu,cell estimate and directly reflects the fraction unbound in the cytosol (fu,cyto) of intact 

cells. In contrast to the binding method, prediction of intracellular KAT6A exposure with this 

more physiologic approach was able to bridge the average exposure gap between biochemical 

and cellular IC50’s from 73 down to only 5.4-fold. The concept of concentration dependent Kpuu 

provides a solid rationale for early drug discovery to discriminate between pharmacology and 

target exposure related IC50 discrepancies. The attractiveness of the approach also lies in the 

use of the same assay format for cellular IC50, fu,cyto and Kpuu,cyto determination. 
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4. Significance Statement 

Examination of the yet unexplored concentration dependency of the unbound partition 

coefficient Kpuu led to a new experimental approach that resulted in more reliable predictions 

of intracellular target exposure and is well suitable for routine drug discovery projects. 
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5. Introduction 

The unbound partition coefficient Kpuu is emerging as a powerful parameter to estimate the 

unbound drug exposure of intracellular targets (Guo et al., 2018). While the drug exposure of 

extracellular targets can be directly approximated from unbound plasma concentrations for 

most tissues, the estimation of unbound intracellular concentrations requires knowledge of the 

processes that control intracellular drug disposition. Kpuu thus corresponds to the ratio of the 

free drug concentrations inside and outside of the cell which are a net result of complex cellular 

mechanisms such as passive membrane diffusion, transporter-mediated uptake and/or efflux, 

cellular metabolism, non-specific binding and sequestration to organelles (Zheng et al., 2011; 

Li et al., 2018). Kpuu quantitatively describes the extent of an unbound drug concentration 

asymmetry between the intracellular and extracellular space at steady state. Kpuu values 

around unity are indicative of predominantly passive drug distribution processes, whereas Kpuu 

values > 1 suggest active drug uptake into cells, and Kpuu values < 1 are indicative of drug 

efflux out of the cell (Zhang et al., 2019). 

Currently, there are various methods available to estimate Kpuu experimentally. They all have 

in common to consider Kpuu as a single value (Riede et al., 2017; Yoshikado et al., 2017). This 

seems counter-intuitive, given the principal saturability of underlying mechanisms such as drug 

uptake, efflux, metabolism and lysosomal trapping (Sugano et al., 2010; Schmitt et al., 2019). 

We, therefore, set out to examine i) the concentration dependency of Kpuu in vitro, and ii) its 

impact on unbound intracellular target exposure. We hypothesized that Kpuu does not assume 

a constant value but is rather changing with the extent of saturation. This implicates that the 

unbound drug concentration asymmetry between the cytosolic and extracellular space is 

maximal at low extracellular compound concentrations and will become less pronounced with 

increasing concentrations until passive permeation prevails. The unbound drug concentrations 

on both sides of the plasma membrane will then converge and Kpuu approaches 1, see Fig. 1. 

The concentration dependency of Kpuu may be of particular interest when trying to elucidate 

whether potential discrepancies between biochemical and cellular IC50 values, the so-called 
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cellular potency drop-off (Hann and Simpson, 2014), may either be due to i) differences in the 

intracellular target exposure, or ii) the target responding differently in the high complexity of a 

living cell. 

In addition, drug sequestration from the cytosol to subcellular compartments like lysosomes 

and mitochondria due to pH gradients and differences in membrane potential can significantly 

affect cytosolic unbound drug concentrations (Rajendran et al., 2010; Li et al., 2018; Schmitt 

et al., 2019). Previously published methods for the determination of Kpuu assume an average 

unbound drug concentration of all cellular compartments. In this study we propose a novel 

approach to estimate the amount of unbound drug available specifically in the cytosolic 

compartment (Kpuu,cyto) that is based on saturation of active mechanisms involved in cellular 

drug disposition. 

To test our hypothesis, we have investigated a set of structurally related inhibitors of histone 

acetyltransferase KAT6A, also known as MYST3, that induce senescence via the INK4A-ARF 

pathway (Sheikh et al., 2015) and has recently been identified as a frequently overexpressed 

oncogenic target in breast cancers like mammalian ductal carcinoma ZR75-1 (Yu et al., 2017). 

Compounds were selected from literature (Baell et al., 2018) and an in-house program based 

on their potency against ZR75-1 cells compared to isolated recombinant KAT6A in biochemical 

potency measurements. KAT6A is located in the cell nucleus which is directly connected to the 

cytosol through nuclear pore complexes that are large enough to allow rapid and free diffusion 

of molecules up to 5000 Da (Naim et al., 2007; Alberts, 2008; Timney et al., 2016). In a cellular 

system, target exposure of KAT6A is therefore assumed to be equal to the unbound drug 

concentration in the cytosol. With ZR75-1 cells expressing tumor drug resistance associated 

efflux transporters such as ABCB1 (MDR1) and ABCC1 (MRP1) (Faneyte et al., 2001; Lemos 

et al., 2009; Oba et al., 2016), the concept of the concentration dependent Kpuu will be applied 

to i) improve our understanding of the relationship between intracellular and extracellular 

unbound drug concentrations, ii) overcome the limitations of the frequently used in vitro cell 

homogenization method (Mateus et al., 2013), and iii) derive a rationale for early drug 
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discovery to more clearly discriminate between pharmacology or target exposure related 

discrepancies between biochemical and cellular potency assays. 
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6. Materials and Methods 

Materials and Compounds. Reagents for cell culture and experiments were obtained from 

Thermo Fisher Scientific (Waltham, MA) or Sigma-Aldrich (St. Louis, MO). Adherent mammary 

gland ZR75-1 breast carcinoma cell line used in this study originated from ATCC® (Catalog 

No. CRL-1500TM). Inhibitors of KAT6A were synthesized at Bayer AG laboratories or provided 

from in-house compound screening library with purities >95 %. DMSO stock solutions at a final 

concentration of 10 mM were prepared for all compounds and stored at -80 °C for further use. 

Physicochemical compound properties (logDpH7.5, pKa and charge state) were predicted in 

silico using ADMET PredictorTM (Simulations Plus Inc.). Predictions of logD values were based 

on an in-house software algorithm that was trained with experimental HPLC retention time data 

of 76.548 reference compounds, as recently described by Montanari et al. (2019). Caco-2 

permeability (Papp) was determined during routine preclinical in vitro compound 

characterization, as previously described (Nguyen et al., 2019). 

Cell Culture. ZR75-1 cells were cultivated at 37 °C, 95 % relative humidity and 5 % CO2 

atmosphere in gibco® RPMI 1640 medium containing GlutaMAXTM and 10 % FCS (Life 

TechnologiesTM, Carlsbad, CA). Cells were passaged weekly after reaching ~80 % confluency 

according to the ATCC® manufacturing protocol. Cellular volume was microscopically 

determined from the diameter, d, of suspended cells, assuming spherical cell shape (d = 15.9 

± 2.5 µm; n = 500). 106 cells were lysed in RIPA Lysis Buffer pH 7.5 (Tris-HCl 50 mM, NaCl 

150 mM, EDTA 2 mM and 1 % Triton-X100) for the normalization of cellular volume to protein 

content (V = 9.5 ± 1.3 µl/mg; n = 3) using PierceTM BCA Protein Assay Kit (Pierce 

Biotechnology, Rockford, IL). 

Biochemical KAT6A potency screen. KAT6A inhibitory activity of the compounds was 

quantified using TR-FRET (Time-Resolved Fluorescence Energy Transfer) assay which 

measures acetylation of a histone H4-derived peptide with amino acid sequence 

SGRGKGGKGLGKGGAKRHRKVLRDK-biotin (Biosyntan GmbH, Berlin, GER) by 

recombinant human His-tagged KAT6A protein (amino acids 194 – 810), purified in-house from 
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Baculovirus-infected insect cells (Sf9) similarly as previously described by Dreveny et al. 

(2014). Assay mixtures containing KAT6A (0.6 nM), H4 peptide (220 nM), acetyl coenzyme A 

(600 nM) and test compounds (0.01 to 20 µM in 11-point, 3.5 fold serial dilutions) in assay 

buffer (25 mM Tris/HCl pH 8.0, 25 mM NaCl, 1 mM EGTA, 2.5 mM Glutathion, 0.02% w/v 

Chicken Albumin, 0.05% Pluronic F127) were incubated for 60 min at room temperature in 

black 384-well low volume microtiter plates (Greiner Bio-One GmbH, Frickenhausen, GER). In 

a subset of low and high activity control wells, KAT6A and test compounds were replaced 

either by assay buffer or vehicle (1% DMSO). The enzymatic reaction was stopped and its 

products detected by addition of 100 μM anacardic acid (Enzo Life Sciences Inc., Farmingdale, 

NY), 1 nM Anti-Histone H4 (acetyl K8) antibody (abcam, Cambridge, UK), 0.5 nM Anti-Rabbit 

IgG Eu (PerkinElmer, Waltham, MA) and 22 nM SAXL-665 (Cisbio, Codelet, FRA) in 25mM 

HEPES pH 7.5, 0.1% BSA. TR-FRET signals were acquired in a RUBYstar or PHERAstar 

microplate reader (both BMG Lab Technologies, Offenburg, GER) to quantify the amount of 

acetylated peptide by the ratio of fluorescence emissions at 620 nm and 665 nm upon 

excitation at 337 nm. Biochemical IC50 values were calculated by fitting the normalized TR-

FRET data to a four-parameter logistic equation using Genedata Screener® software 

(Genedata AG, Basel, CH). 

Cellular ZR75-1 potency screen. ZR75-1 cells were suspended in cell culturing medium and 

plated at a final density of 3000 cells/well in a 96-well microtiter plate on the day prior to the 

experiment. Plates were incubated at 37°C, 95% relative humidity and 5% CO2 atmosphere 

overnight for cell attachment. On the day of the experiment, the culturing medium was replaced 

by incubation medium (RPMI 1640 medium containing GlutaMAXTM and 2.5 % FCS). 

Compounds were added from 10 mM DMSO stock solution to the desired concentrations 

(0.002 µM – 40 µM; triplicate measurements) and incubated over 6 days. Cell viability was 

determined by staining cells with Alamar Blue Reagent (Invitrogen, Carlsbad, CA) for 2 h 

followed by fluorescence measurements in a Victor X3 MTP-Reader (PerkinElmer, Waltham, 

MA; excitation at 530 nm; emission at 590 nm). Measurements were normalized for DMSO-

only treated cells and cellular IC50 values were determined by curve fitting in analogy to the 
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biochemical potency assay. Based on this data, the occurrence of cytotoxic effects at high test 

compound concentrations that could potentially impact Kp measurements in ZR75-1 cells was 

evaluated. As cytotoxic effects would have resulted in negative percentage values of cell 

growth relative to untreated control cells, which was not observed for any of the compounds 

used in this study (Supplemental Figure 3), cytotoxicity is not expected to affect the accuracy 

of the Kp measurements in this study. 

Measurements of concentration dependent Kp. ZR75-1 cells were suspended in cell culture 

medium and seeded in Corning® tissue-culture treated 48-well plates (Corning Inc., Corning, 

NY) at a density of 100.000 cells/well on the day prior to the experiment. Plates were incubated 

at 37°C, 95% relative humidity and 5% CO2 atmosphere overnight for cell attachment. 

Compound solutions with final concentrations ranging from 0.1 µM to 100 µM were prepared 

in the same incubation medium that was used in the cellular potency screen, with the final 

DMSO concentration not exceeding 1 % at the highest concentration tested, which is not 

expected to interfere with the overall assay readout. Cells were washed twice with incubation 

medium before applying 200 µl of compound solution (t0) and incubating at 37°C for 45 min on 

a heated orbital plate-shaker at low speed. For each compound and concentration, triplicate 

incubations were conducted. After the incubation the overlaying medium (t45) was harvested, 

cells were washed twice with ice cold gibco® PBS pH 7.4 (Life TechnologiesTM, Carlsbad, CA) 

and lysed for 5 min under fast shaking by adding 200 µl methanol containing 0.1 µM of an 

internal LC-MS standard. Cell lysates (for ccell) and medium samples (for cmed) at t0 and t45 were 

transferred to a 96-well analytical plate, diluted with methanol/0.1 µM internal standard and 

stored overnight at -80 °C. Prior to sample quantification via LC-MS/MS, the analytical plate 

was centrifuged for 15 min at 3700 rpm at 4°C for protein precipitation. Cellular volume (Vcell) 

was determined in representative wells by washing cells twice with ice cold PBS followed by 

lysis with RIPA Lysis Buffer pH 7.5 and protein quantification (PierceTM BCA Protein Assay 

Kit). The total cellular partition-coefficient Kp in ZR75-1 cells was calculated according to: 
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𝐾𝑝 =  
𝑐𝑐𝑒𝑙𝑙

𝑐𝑚𝑒𝑑
=  

(
𝐴𝑐𝑒𝑙𝑙
𝑉𝑐𝑒𝑙𝑙

)

𝑐𝑚𝑒𝑑

(1) 

Total compound recovery from cell and medium after the incubation was calculated according 

to: 

𝑅𝑒𝑐𝑜𝑣𝑒𝑟𝑦 [%] =  
𝐴𝑐𝑒𝑙𝑙 +  𝐴𝑚𝑒𝑑,𝑡45

𝐴𝑚𝑒𝑑,𝑡0
∗ 100 (2) 

with Acell being the amount of compound in the cell lysate, Amed,t45 the amount of compound in 

the medium at the end of the incubation, and Amed,t0 the amount of compound in the medium 

prior to the incubation.  

To mathematically describe the concentration dependence of total cellular drug accumulation, 

curve fitting of the following equation to Kp measurements (0.1 – 100 µM) was performed for 

each compound using SigmaPlot® 13 (Systat Software GmbH): 

𝐾𝑝 = 𝐾𝑝𝑢𝑛𝑠𝑎𝑡 +  
𝐾𝑝𝑠𝑎𝑡 −  𝐾𝑝𝑢𝑛𝑠𝑎𝑡

1 + (
𝑐𝑚𝑒𝑑

𝐾𝑚,𝑎𝑝𝑝
)

− 𝐻𝑖𝑙𝑙𝑠𝑙𝑜𝑝𝑒
(3)

 

Where Kpunsat represents the total cellular accumulation in the presence of unsaturated active 

mechanisms and Kpsat at the fully saturated state. Km,app describes the total extracellular 

concentration at which saturation is half maximal. The percentage of full saturation that is 

achieved at the highest applied concentration in the medium (100 µM) was calculated 

according to: 

𝑆𝑎𝑡𝑢𝑟𝑎𝑡𝑖𝑜𝑛 [%] =  
𝐾𝑝100 µ𝑀

𝐾𝑝𝑠𝑎𝑡
∗ 100 (4) 

Determination of fu,med. Binding of the test compounds to the extracellular incubation medium 

(RPMI 1640 with GlutaMAXTM and 2.5 % FCS) was determined via rapid equilibrium dialysis. 

The HTD96b equilibrium dialysis chamber (HTDialysis LLC, Gales Ferry, CT) was assembled 

according to the manufacturing protocol. The dialysis membranes with a molecular weight cut-
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off of 12 – 14 kDa (HTDialysis LLC, Gales Ferry, CT) were prepared one day prior to the 

experiment and stored at 4 °C in 50 mM dialysis phosphate buffer (40.5 mM Na3HPO4·3H2O, 

9.5 mM Na3H3PO4·H2O, 9 g/l NaCl, pH 7.4) by bathing them in double-distilled H2O for 30 min 

followed by 15 min in 30% ethanol and three washing steps in double distilled H2O. Compound 

solutions with a final concentration of 1 µM were prepared from 10 mM DMSO stock solutions 

in incubation medium. 150 µl of compound solution (t0) was added to the donor compartment 

of the dialysis device and dialyzed against 150 µl 50 mM dialysis phosphate buffer in the 

receiver compartment for 7 hours at 37 °C under low orbital shaking. Dialysis was performed 

in quadruplets for each compound. Additionally, triplicates of 1 µM control compound buffer 

solutions were dialyzed against buffer to determine whether steady-state conditions are 

achieved between the donor and receiver compartment. After the incubation, samples from 

the donor and receiver compartment (t7h) as well as compound solution (t0) for the 

determination of recovery were transferred to a 96-well analytical plate. Incubation medium 

and 50 mM dialysis phosphate buffer were added to yield identical sample matrices and further 

diluted with 400 µl methanol containing 0.1 µM internal standard. Samples were stored 

overnight at -80 °C and centrifuged at 3700 rpm and 4 °C for protein precipitation prior to LC-

MS/MS analysis. Compound recovery was determined to be >90 % while equilibrium between 

donor and receiver compartments was achieved to >95 % (data not shown). Binding to the 

extracellular incubation medium was calculated according to: 

𝑓𝑢,𝑚𝑒𝑑 =  
𝑐𝑅𝑒𝑐𝑒𝑖𝑣𝑒𝑟

𝑐𝐷𝑜𝑛𝑜𝑟

(5) 

Theoretical considerations regarding the concentration dependency of Kpuu. Generally, 

the cellular unbound partition coefficient Kpuu is described by the following equation: 

𝐾𝑝𝑢𝑢 =  
𝑐𝑢,𝑐𝑒𝑙𝑙

𝑐𝑢,𝑚𝑒𝑑
= 𝐾𝑝 ∗

𝑓𝑢,𝑐𝑒𝑙𝑙

𝑓𝑢,𝑚𝑒𝑑

(6) 
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Alternatively, Kpuu can be described mechanistically by the kinetics of all mechanisms that are 

involved in cellular drug disposition and thereby determine the intracellular unbound drug 

concentration at steady-state (Extended Clearance Model, ECM, Varma et al. (2015)): 

𝐾𝑝𝑢𝑢 =  
𝐶𝐿𝑑𝑖𝑓𝑓 + 𝐶𝐿𝑖𝑛,𝑎𝑐𝑡

𝐶𝐿𝑑𝑖𝑓𝑓 + 𝐶𝐿𝑒𝑓,𝑎𝑐𝑡 + 𝐶𝐿𝑚𝑒𝑡

(7) 

where CLdiff is the rate of passive diffusion across the plasma membrane, CLin,act is the 

transporter mediated uptake clearance, CLef,act is the transporter mediated efflux clearance 

from the cell and CLmet is the rate by which the compound is cleared through cellular 

metabolism. As all active processes are characterized by substrate concentration dependent 

saturability, concentrations on both sides of the cytosolic membrane will be equal in the fully 

saturated state (Kpsat) and Kpuu will approach 1 with increasing drug concentrations: 

𝐾𝑝𝑢𝑢 =  
𝐶𝐿𝑑𝑖𝑓𝑓

𝐶𝐿𝑑𝑖𝑓𝑓
= 𝐾𝑝𝑠𝑎𝑡 ∗

𝑓𝑢,𝑐𝑒𝑙𝑙

𝑓𝑢,𝑚𝑒𝑑
= 1 (8) 

We, therefore, introduced a novel method for the determination of Kpuu that is based on the 

saturability of the underlying mechanisms, in the following called Kpuu,cyto and compared it to 

the commonly used parameter Kpuu,cell,hom determined with the binding method. 

Determination of fu,cyto and Kpuu,cyto using the novel saturation method. As Kpsat is 

representative of total cellular accumulation, including binding and subcellular sequestration, 

the fraction of unbound drug available only in the cytosolic compartment of the cell can be 

derived from Kpsat by rearranging Eq. 8 to: 

𝑓𝑢,𝑐𝑦𝑡𝑜 =  
1

𝐾𝑝𝑠𝑎𝑡
∗ 𝑓𝑢,𝑚𝑒𝑑 (9) 

Based on the common assumption that fu,cell and hence also fu,cyto is not concentration 

dependent (Mateus et al., 2013) the unbound partition-coefficient Kpuu,cyto at various 

extracellular concentration was calculated according to: 
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𝐾𝑝𝑢𝑢,𝑐𝑦𝑡𝑜 = 𝐾𝑝 ∗
𝑓𝑢,𝑐𝑦𝑡𝑜

𝑓𝑢,𝑚𝑒𝑑
= 𝐾𝑝 ∗

1

𝐾𝑝𝑠𝑎𝑡
 (10) 

 

Simplified approach to determine Kpuu,cyto. In this study we were able to discriminate 

between an unsaturated (Kpunsat) and fully saturated state (Kpsat) in total cellular accumulation. 

Consequently, it is not necessary to measure Kp over a large concentration range to estimate 

Kpuu,cyto as only two Kp measurements, one determined at a low, non-saturating (i.e. 0.1 µM) 

and the other at a high, saturating concentration (i.e. 100 µM) can provide good estimates of 

both states: 

𝐾𝑝𝑢𝑢,𝑐𝑦𝑡𝑜 = 𝐾𝑝0.1 µ𝑀 ∗
1

𝐾𝑝100 µ𝑀
 (11) 

Determination of fu,cell,hom and Kpuu,cell,hom using the binding method (Mateus et al., 2013). 

To obtain tissue homogenates, suspended ZR75-1 cells were counted, washed twice with 

warm PBS, centrifuged at 160 g for 5 min and resuspended to a final cell concentration of 106 

cells/ml in 50 mM dialysis phosphate buffer (40.5 mM Na3HPO4·3H2O, 9.5 mM Na3H3PO4·H2O, 

9 g/l NaCl, pH 7.4). The suspension was homogenized with a B. Braun POTTER S 

Homogenizer (Sartorius AG, Göttingen, GER) at 700 rpm and 20 strokes. Protein content of 

the homogenate was determined with PierceTM BCA Protein Assay Kit to calculate cellular 

volume and the dilution factor D of the homogenate (ranging from 29 to 42)1. ZR75-1 

homogenates were stored at –80 °C for a maximum of 3 days before binding measurements 

were conducted with rapid equilibrium dialysis. The experimental procedure was in analogy to 

the determination of fu,med, using cell homogenate instead of incubation medium. While steady-

state conditions between the donor and receiver compartment were achieved (>95 %), total 

compound recovery from the dialysis chamber at t7h ranged from 21 to 100 % with lower 

recovery observed for highly bound compounds (data not shown). The following equation was 

used to determine compound binding to tissue homogenate: 

𝑓𝑢,ℎ𝑜𝑚 =  
𝑐𝑅𝑒𝑐𝑒𝑖𝑣𝑒𝑟

𝑐𝐷𝑜𝑛𝑜𝑟

(12) 
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Cellular binding was subsequently scaled from fu,hom with the dilution factor D to account for 

homogenate dilution according to: 

𝑓𝑢,𝑐𝑒𝑙𝑙,ℎ𝑜𝑚 =  
1

𝐷 ∗ (
1

𝑓𝑢,ℎ𝑜𝑚
− 1) + 1

(13)
 

The unbound partition coefficient Kpuu,cell,hom was calculated according to: 

𝐾𝑝𝑢𝑢,𝑐𝑒𝑙𝑙,ℎ𝑜𝑚 = 𝐾𝑝𝑢𝑛𝑠𝑎𝑡 ∗
𝑓𝑢,𝑐𝑒𝑙𝑙,ℎ𝑜𝑚

𝑓𝑢,𝑚𝑒𝑑

(14) 

Kpunsat was used for the calculation of Kpuu,cell,hom as Kp is generally determined at low 

extracellular concentrations and, therefore, most likely represents the unsaturated state. 

Prediction of intracellular KAT6A target exposure. Kpuu obtained with the two methods was 

parallelly applied for the prediction of KAT6A exposure in ZR75-1 cells and the corresponding 

potency value. The predicted values were then compared to measurements of biochemical 

potency (IC50,biochem) against isolated KAT6A in vitro.  

1) Using Kpuu from the binding method (i.e. Kpuu,cell,hom) to predict the intracellular IC50, without 

consideration of saturation effects according to: 

𝑖𝑛𝑡𝑟𝑎𝑐𝑒𝑙𝑙𝑢𝑙𝑎𝑟 𝐼𝐶50 = 𝑢𝑛𝑏𝑜𝑢𝑛𝑑 𝐼𝐶50,𝑐𝑒𝑙𝑙 ∗ 𝐾𝑝𝑢𝑢,𝑐𝑒𝑙𝑙,ℎ𝑜𝑚 (15) 

2) Using Kpuu from the saturation method (i.e. Kpuu,cyto) at the same extracellular concentration 

as the unbound IC50,cell to predict the cytosolic IC50, considering saturation effects: 

𝑐𝑦𝑡𝑜𝑠𝑜𝑙𝑖𝑐 𝐼𝐶50 =  𝑢𝑛𝑏𝑜𝑢𝑛𝑑 𝐼𝐶50,𝑐𝑒𝑙𝑙 ∗  𝑐𝑜𝑟𝑟𝑒𝑠𝑝𝑜𝑛𝑑𝑖𝑛𝑔 𝐾𝑝𝑢𝑢,𝑐𝑦𝑡𝑜 (16) 

The unbound extracellular concentration at which saturation of active mechanisms was half 

maximal was calculated according to: 

𝑢𝑛𝑏𝑜𝑢𝑛𝑑 𝐾𝑚,𝑎𝑝𝑝 =  𝐾𝑚,𝑎𝑝𝑝 ∗ 𝑓𝑢,𝑚𝑒𝑑 (17) 

The accuracy of the prediction was expressed by the fold-difference relative to IC50,biochem. 
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Analytical method. All samples were quantified using a LC-MS/MS system consisting of a 

CTC Analytics HTS PAL Autosampler (CTC Analytics AG, CH), Agilent 1290 Infinity System 

(Agilent Technologies Inc., Santa Clara, CA) coupled with an AB Sciex API4500 Triple QuadTM 

(SCIEX, Framingham, MA) mass spectrometer. Sample volumes of 5 µl were injected into the 

system. Chromatography was performed on a Kinetex® (Phenomenex Inc., Torrance, CA) C18 

reverse-phase column (2.1 x 30 mm, 2.6 µm particle size) with a linear solvent gradient (flow 

rate: 1.2 ml/min; solvent A: H2O + 0.1 % acetic acid; solvent B: acetonitrile + 0.1% acetic acid; 

solvent gradient: 95 % A to 95 % B over 0.3 min). Analytes and internal standard N-(4-

chlorophenyl)-2-[(4-piridinylmethyl)amino]-benzamide were detected in multiple reaction 

monitoring mode (MRM). Data analysis was performed with AB Sciex Analyst® 1.6.1 Software. 

A list with MRM mass transitions and elution times for all compounds can be found in the 

Supplemental Material (Supplemental Table 3). 
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7. Results 

Compound selection. In order to study the concentration dependency of Kpuu, a set of 12 

KAT6A inhibitors was selected to examine intracellular target exposure in ZR75-1 cells. The 

test compounds were taken both from literature (WM-8014 and WM-1119, Supplemental 

Figure 1) and from an internal program (Compound 1 – 10) covering a large range in the 

cellular potency drop-off from little to strong discrepancies between biochemical and cellular 

IC50’s, i.e. from 1.3 to 260-fold (Tab. 3). The compounds show diverse physicochemical 

properties with in silico logDpH7.5 values between 1.9 and 4.5. While most in-house compounds 

are acidic, i.e. carry a negative charge at the physiological pH of 7.4, the two literature 

compounds are predominantly uncharged. None of the selected inhibitors contains a basic 

moiety making them unsusceptible to lysosomal trapping (Schmitt et al., 2019). Compounds in 

the test set demonstrated good membrane permeability as confirmed by inhouse Caco-2 

studies (Supplemental Table 1). 

Concentration dependent cellular drug accumulation (Kp). Our hypothesis on the 

concentration dependency of Kpuu implies that concentration dependent changes should also 

be observed in the total cellular partition ratio (Kp). Indeed, cellular Kp values in ZR75-1 cells 

of all compounds changed over the total extracellular concentration range from 0.1 – 100 µM, 

typically starting from a plateau at low, non-saturating concentrations (Kpunsat), followed by a 

change of Kp as concentrations go up before reaching a second plateau at high, saturating 

concentrations (Kpsat), as exemplarily shown for Compound 1 in Fig. 2, A and for all other 

KAT6A inhibitors (Supplemental Figure 2). Curve fitting to Eq. 3 was performed to determine 

both Kpunsat and Kpsat which could be described accurately for all compounds tested (R2 > 0.90), 

see Tab. 1. The corresponding half maximal saturation concentrations (Km,app) cover a range 

from 6.8 ± 2.9 to 37.2 ± 2.2 µM. For all compounds in the test set, the upper concentrations of 

100 µM were sufficient to reach at least 87% of the second plateau, i.e. the fully saturated 

Kpsat. Because all our test compounds showed lower Kpunsat compared to Kpsat, either saturable 

drug efflux or saturable drug metabolism or both may occur at low concentrations. The 
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presence of significant metabolism is unlikely as compound recovery was high at all 

concentrations tested, suggesting efflux to be the main driver of Kpunsat. Kpsat values differ 

largely between the KAT6A inhibitors ranging from 1.29 ± 0.04 (Compound 10) to 34.5 ± 1.8 

(Compound 1), see Tab. 1. Since all saturable processes contributing to total Kp are saturated 

at Kpsat (Fig. 1; Eq. 8), the unbound drug concentrations on both sides of the cell membrane 

will be equal at saturation, i.e. Kpuu = 1. Therefore, Kpsat can be used to calculate the fraction 

of unbound drug available to the cell cytosol (fu,cyto), see Eq. 9. fu,cyto, therefore, represents a 

new approach to derive cellular binding (fu,cell). In order to distinguish the new from the classical 

fu,cell estimation, we call the Kpsat-derived parameter fu,cyto and the cell homogenization-derived 

parameter fu,cell,hom. 

Comparison of fu,cyto and fu,cell,hom. As a next step, the Kpsat-derived estimate of the fraction 

of unbound drug in the cytosol (fu,cyto) was compared to fu,cell,hom determined in cell homogenates 

using the commonly used in vitro binding method (Mateus et al., 2013). As can be seen from 

Tab. 2, the dynamic range of fu,cyto (0.0000911 ± 0.0000006 (Compound 3) to 0.43 ± 0.03 (WM-

1119)) is much larger than that of fu,cell,hom (0.00015 ± 0.00007 (Compound 1) to 0.16 ± 0.03 

(WM-1119)). The largest discrepancies were observed for lipophilic, highly bound compounds, 

such as Compounds 1, 2, 3 and 9. The correlation between both parameters is only weak (R2 

= 0.64), see Fig. 3, A. The correlation with logDpH7.5 was higher for fu,cell,hom (R2 = 0.76) compared 

to fu,cyto (R2 = 0.48), see Fig. 3, B+C, indicating that fu,cell,hom to a greater degree depends on 

lipophilicity driven membrane binding in tissue homogenates, whereas fu,cyto appears to carry 

additional information on cellular mechanisms that also contribute to intracellular unbound drug 

concentrations in the cytosol. Both fu,cell estimates, therefore, will yield different results when 

used to calculate Kpuu, see Tab. 2. 

Investigation of the concentration dependency of Kpuu. In contrast to the common practice 

that uses fu,cell,hom and Kp at a single concentration we have used concentration dependent Kp 

measurements and an estimate of fu,cyto to examine the change of Kpuu over the concentration 

range that is used in cellular IC50 assays. As can be seen in Fig. 2, B for Compound 1, Kpuu,cyto 
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changes from a lower value of 0.16 to approach unity at high concentrations, suggesting 

saturation of efflux and, hence, equal unbound drug concentrations in medium and cytosol. 

This behavior was seen for all compounds, although the unsaturated Kpuu,cyto values and the 

concentrations at which saturation sets in can largely vary between compounds (Supplemental 

Figure 3, Supplemental Table 2). It follows, that the most accurate correction of the cellular 

IC50 requires the use of Kpuu,cyto determined at the very IC50 concentration. In contrast, the use 

of the unsaturated Kpuu,cell,hom value may not be appropriate, as cellular potency and transporter 

inhibition kinetics may markedly differ from compound to compound, see the large range in 

Km,app values in Tab. 1. Accurate Kpuu correction is thus essential for all tested compounds as 

their unbound intracellular concentrations are lower than their unbound extracellular 

concentrations especially at the lower end of the relevant concentration range (Fig. 2, C). 

Prediction of intracellular KAT6A exposure using Kpuu,cell,hom and Kpuu,cyto to bridge 

cellular and biochemical potencies. We then investigated the two different Kpuu approaches 

regarding their corrective power to account for exposure related discrepancies between 

biochemical and cellular potencies. Discrepancies were observed for all investigated KAT6A 

inhibitors in ZR75-1 cells, being 73-fold on average in the present compound set, see Fig. 4, 

A. In line with the above evidence for drug efflux, all compounds were less potent in the cellular 

system compared to isolated KAT6A protein in biochemical inhibition studies (Tab. 3). In the 

following, we compare the two different Kpuu approaches to predict the unbound drug 

concentrations at the intracellular target site for the KAT6A inhibitors tested: 

1) Use of Kpuu,cell,hom to predict the intracellular IC50 (Fig. 4, B). Using this previously published 

approach (Mateus et al., 2017), the gap between cellular and biochemical IC50 was reduced 

from 73 to 20-fold on average. However, for compounds that were highly bound in fu,cell,hom 

measurements (e.g. Compound 1 and 9), the predicted intracellular IC50 became even lower 

than the biochemical IC50 (55 and 105-fold, respectively), thus resulting in a massive 

underprediction which is implausible considering the compounds being subject to cellular efflux 

rather than active uptake in ZR75-1 cells. 
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2) Use of Kpuu,cyto that corresponds to the unbound IC50,cell to predict the cytosolic IC50 (Fig. 4, 

C). Using this approach, the gap between biochemical and cellular potencies was reduced 

from an average 73-fold to an only 5.4-fold difference, leading to superior predictions compared 

to Kpuu,cell,hom, see Fig. 4. Looking at all compounds in detail, we discriminated between two 

cases, as exemplarily shown in Fig. 5. Either the unbound cellular IC50 is at the fully 

unsaturated Kpuu,cyto (i.e. Compound 8, Fig. 5, A) or at a concentration that corresponds to a 

partially saturated Kpuu,cyto (i.e. Compound 2, Fig. 5, B). For five out of twelve compounds tested 

(Compounds 1 - 5), the partially saturated rather than the fully unsaturated Kpuu,cyto was used 

for the prediction of intracellular target exposure, as saturation occurred at the unbound IC50,cell 

concentration (unbound IC50,cell ~ unbound Km,app, see Supplemental Figure 3, Supplemental 

Table 2). For three of these five compounds, we saw further 2 to 3-fold improvement but no 

change for the other two compounds (< 1.5-fold). 

This article has not been copyedited and formatted. The final version may differ from this version.
DMD Fast Forward. Published on May 1, 2020 as DOI: 10.1124/dmd.120.090563

 at A
SPE

T
 Journals on M

ay 17, 2023
dm

d.aspetjournals.org
D

ow
nloaded from

 

http://dmd.aspetjournals.org/


DMD # 90563 
 

22 
 

8. Discussion 

The unbound partition coefficient Kpuu is an emerging parameter that enables the prediction of 

target engagement of intracellular drug targets (Guo et al., 2018). It provides a quantitative link 

between biochemical and cellular potencies as recently described by Mateus et al. (2017). 

Surprisingly however, Kpuu is commonly used as a constant value despite the saturability of 

the underlying mechanisms (Fig. 1). In this study, we explore the concentration dependency 

of Kpuu and provide a concept for drug discovery programs where a cellular potency drop-off 

is observed, and where accurate predictions of intracellular drug concentrations are necessary 

to discriminate between target exposure and target pharmacology related reasons (Hann and 

Simpson, 2014). 

Concentration dependency of cellular drug disposition. For all test compounds showing a 

cellular potency drop-off (Fig. 4, A), characteristic concentration dependent changes in Kpuu 

were observed (Supplemental Figure 3). The data indicates the involvement of a saturable 

efflux mechanism (Tab. 2) resulting in overall reduced intracellular unbound drug levels in 

ZR75-1 cells compared to the extracellular space (Fig. 2, C), suggesting that the observed 

cellular potency drop-off is caused by reduced intracellular target exposure and may hence be 

quantitatively corrected by Kpuu. Since the concentration at which efflux saturation occurs 

largely differs between compounds (Supplemental Table 2), Kpuu determined at the same 

extracellular concentration as the cellular IC50 should provide the best link between 

biochemical and cellular potency, see Fig. 5. Whereas for most compounds in this study, Kpuu 

of the unsaturated state was sufficient, two compounds with relatively low cellular potency 

(Compounds 2 and 3) showed significant efflux saturation at the cellular IC50 resulting in a 5 

and 22-fold difference between the relevant, partially saturated Kpuu compared to the fully 

unsaturated Kpuu. In these two cases the partially saturated Kpuu provided a better link between 

biochemical and cellular potency. However, since LO compounds are generally optimized for 

high in vitro potency it is unlikely that saturation of cellular efflux becomes relevant for highly 

potent compounds. Thus, the unsaturated Kpuu is likely to suffice for most compounds while 
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determination of Kpuu over large concentration ranges may only be necessary for low potency 

compounds. 

Method simplification approach and rationale for Drug Discovery. Our newly introduced 

method to determine Kpuu is generally suitable for the prediction of unbound drug 

concentrations in the cytosolic compartment for compounds showing a cellular potency drop-

off. The simplified determination of Kpuu allows to rapidly discriminate between target exposure 

and pharmacology related causes. The abbreviated approach requires Kp measurements at 

only two concentration points and can be performed in the same assay preparation: First, the 

cellular Kp measured in the saturated state provides an estimate of fu,cyto. In our study, we 

demonstrated that the extracellular concentration of 100 µM was sufficient to achieve close to 

full saturation of active cellular efflux mechanisms (Tab. 1). Secondly, the cellular Kp 

determined at a low concentration of 0.1 µM accounts for all unsaturated cellular mechanisms 

contributing to cellular accumulation. From Kp measurements in the saturated and unsaturated 

state, Kpuu,cyto can be calculated (Eq. 11) and applied to estimate unbound intracellular target 

exposure. For low potency compounds, additional Kp measurements at the same 

concentration as the cellular IC50 can provide a more accurate prediction of intracellular target 

exposure because saturation effects are accounted for. If a significant potency disconnect 

remains, it likely is not caused by differences in target exposure in the cellular assay but may 

rather relate to the biology of the target in the whole cell, e.g. complex pathway networks or 

feedback mechanisms. This novel approach to determine Kpuu directly in the same cellular test 

system that is also used to generate cellular IC50 values, i.e. using the most relevant assay 

system, provides a very attractive alternative to the previously published binding method, 

where fu,cell is determined in a separate assay, i.e. cell homogenization followed by equilibrium 

dialysis, thereby introducing additional experimental shortcomings. It has to be kept in mind 

that the validity of our approach is based on the assumption that saturation of active transport 

is achieved, that compounds remain soluble in the incubation medium throughout the 

concentration range used, and that no extensive drug metabolism occurs in the course of the 

assay. This can be ensured by including a mass balance analysis in the study protocol.  
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Method differences (fu,cyto vs. fu,cell,hom), assumptions and limitations. Method dependent 

differences in the determination of fu,cyto and fu,cell,hom were observed, suggesting that the two 

approaches differently reflect the processes that contribute to the unbound intracellular 

fraction. A recent study demonstrated that fu,cell,hom largely depends on lipophilicity driven 

membrane partitioning as binding to phospholipid coated beads was a superior to logD (Treyer 

et al., 2018; Treyer et al., 2019). The physiological representation of cellular binding thus 

seems to be an important aspect for the accurate estimation of fu,cell. The proposed fu,cyto assay 

most closely reflects the physiologic conditions since the cells remain fully intact and are not 

subjected to cellular disruption, unlike the cell homogenization assay which disintegrates cells 

and their subcellular compartments to membrane fractions. The possible generation of artificial 

binding sites in tissue homogenates may impact binding measurements and could be one 

explanation for the low fu,cell,hom values observed in previously reported studies (Riede et al., 

2017; Guo et al., 2018). Furthermore, overestimation of binding can also occur due to 

extensive homogenate dilution and inaccurate scaling (Eq. 13) of the dilution factor D (Riccardi 

et al., 2018). As equation 13 originates from plasma protein binding and assumes a single 

binding site per binding partner (Banker et al., 2003), its applicability to tissue homogenates 

may be limited. Large amounts of cells are needed for homogenates to reduce dilution related 

inaccuracies, requiring timely and cost intensive cultivation. The method is particularly error-

prone for highly bound compounds, common in early drug discovery, often suffering from poor 

compound recovery from the dialysis receiver chamber (Schuhmacher et al., 2004). In contrast 

to these shortcomings, our approach to determine fu,cyto provides an estimate of all processes 

that contribute to cellular binding in the intact cellular system at physiologic conditions using a 

single assay format that i) relates to the unbound drug concentration in the cytosol, ii) directly 

relates to the cellular IC50 assay and iii) does not require additional cell homogenization and 

equilibrium dialysis assays. Furthermore, as high Kpsat values are indicative of low fu,cyto, this 

approach is suitable to overcome frequently observed detection limits of LC-MS/MS based 

compound quantification for highly bound compounds in the equilibrium dialysis (e.g. 

Compound 3, fu,cyto = 0.0000911). These may be reasons why large differences between 

This article has not been copyedited and formatted. The final version may differ from this version.
DMD Fast Forward. Published on May 1, 2020 as DOI: 10.1124/dmd.120.090563

 at A
SPE

T
 Journals on M

ay 17, 2023
dm

d.aspetjournals.org
D

ow
nloaded from

 

http://dmd.aspetjournals.org/


DMD # 90563 
 

25 
 

fu,cell,hom and fu,cyto were observed for most compounds in this study (Fig. 3, A), resulting in 

different Kpuu values. We compared both approaches regarding their power to predict 

intracellular KAT6A exposure for compounds with deviant biochemical and cellular IC50’s. 

While Kpuu,cell,hom determined with the binding method and not considering saturability was able 

to reduce the observed potency disconnect between biochemical and cellular IC50 from 73 to 

20-fold on average (Fig. 4, A+B), both highly bound and low potency compounds were 

apparently predicted to be more potent in ZR75-1 cells compared to isolated KAT6A (i.e. 

Compounds 1, 9 and 10: 45, 55 and 105-fold underprediction, respectively; Tab. 3). This is 

implausible because these compounds are effluxed from ZR75-1 cells rather than being 

pumped in. Interpretations using Kpuu,cell,hom thus erroneously lead to the suggestion that the 

cellular pharmacology of the target might have been the main source of the discrepancies to 

the biochemical potency. In contrast, Kpuu,cyto predicts an intracellular target exposure that 

reduces the potency disconnect down to only 5.4-fold on average (Fig. 4, A+C). The observed 

potency disconnect can thus largely be reconciled by accounting for intracellular target 

exposure and speculations on complex cellular target pharmacology are not required for the 

observed “cell drop-off” in ZR75-1. This conclusion also is fully consistent with the observed 

efflux of the compounds. Our method therefore allows a more reliable quantitative link between 

biochemical and cellular IC50 assay and thus carries more power to guide lead optimization. 

Implications of concentration dependent Kpuu for in vivo PK and prediction of unbound 

tissue concentrations. In this study we show that Kpuu is not constant over large 

concentration ranges as it depends on the net saturation of the involved mechanisms. This 

property of Kpuu should be taken into account when looking at in vivo PK profiles often showing 

largely changes of plasma concentrations over time and hence different levels of saturation of 

e.g. hepatic transporters (Sato et al., 2018), contributing to nonlinear pharmacokinetics. 

Therefore, we suggest that in vitro Kpuu,cyto should be determined in the range of the relevant 

in vivo unbound plasma concentrations to reflect potential saturation effects and thereby 

improve IVIVE, DDI and hepatic clearance predictions as well as predictions of in vivo unbound 

intracellular target concentrations. 
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Conclusions. In this study, we have investigated the concentration dependency of the 

unbound partition coefficient Kpuu in vitro. Our study gave rise to a novel approach, i.e. the 

determination of Kpuu,cyto which i) improves the prediction of unbound intracellular target 

exposure, and ii) overcomes shortcomings of the commonly used binding method. We highlight 

the importance of saturation effects that occur in vitro as well as in vivo which previously have 

not been accounted for in the determination of Kpuu, making the prediction of unbound cytosolic 

drug concentrations more accurate. It may be of interest to see how this assay will perform for 

basic lipophilic drugs that undergo extensive lysosomal trapping which is not reflected in fu,cell 

values obtained by the homogenization method, but potentially covered by the proposed 

method. 
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11. Footnotes 

* This work was financed by Bayer AG, Germany 

1The variability of D in between tissue homogenates is likely caused by the inaccuracy of 

microscopic cell counts. Normalization for protein content provides a more accurate 

measurement of D. 
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12. Figure Legends 

Figure 1: Hypothesis for the concentration dependency of Kpuu in the presence of active 

cellular uptake and efflux mechanisms. The unbound drug concentration asymmetry 

between the intracellular and extracellular space is maximal at low concentrations and 

becomes less pronounced with increasing drug concentrations in the extracellular space 

as active transport across the plasma membrane is being saturated. In the fully saturated 

state, unbound drug concentrations on both sides of the plasma membrane will be equal 

and Kpuu = 1. 

Figure 2: Concentration dependent cellular accumulation of KAT6A inhibitors in ZR75-1 

breast cancer cells. (A) Concentration dependent changes in total cellular accumulation 

ratio (Kp) of Compound 1 in ZR75-1 cells allows discrimination between an unsaturated 

(Kpunsat) and fully saturated state (Kpsat). Curve fitting of Eq. 3 can quantitatively describe 

both states and the concentration at which saturation is half maximal (Km,app). (B) According 

to our hypothesis, the cellular binding parameter fu,cyto can be derived from Kpsat (Eq. 9) 

and applied to subsequently determine concentration dependency of Kpuu,cyto (Eq. 10). (C) 

Demonstrates the concentration dependent relationship of unbound drug concentrations 

between the intracellular and extracellular space for all KAT6A inhibitors in ZR75-1 cells 

(measurements of all 12 compounds at 7 concentration points plotted). Generally, 

intracellular unbound drug concentrations were reduced compared to the medium, 

indicating involvement of a saturable active efflux mechanism. Therefore, the unbound 

drug concentration asymmetry becomes less pronounced with increasing drug 

concentrations in the medium. Data points are expressed as mean ± SD of triplicate 

measurements. 
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Figure 3: Comparison of fu,cell estimates obtained with the two different methods. fu,cell,hom is 

determined in tissue homogenates using equilibrium dialysis, whereas fu,cyto was derived 

from measurements of concentration dependent cellular accumulation. (A) A poor 

correlation between both parameters was observed, indicating that they carry different 

information regarding cellular binding. Better correlation with in silico predicted logDpH7.5 

values of fu,cell,hom (C) compared to fu,cyto (B) suggests that binding measurements in cell 

homogenates are mostly representative of lipophilicity driven membrane partitioning, 

whereas the non-destructive saturation method derived parameter fu,cyto could include 

additional information with regard to the mechanism involved in cellular disposition. 

Subsequently, different Kpuu values are generated depending on the method that is used 

for the estimation of fu,cell. 

Figure 4: (A) Disconnect between in vitro cellular and biochemical potencies of KAT6A 

inhibitors. Reduced potency against ZR75-1 cells compared to isolated KAT6A 

demonstrates the ‘cellular drop-off’. (B) Prediction of intracellular target exposure using 

Kpuu,cell,hom from the binding method was able to reduce the disconnect. (C) Further 

improvement was observed when using the saturation derived parameter Kpuu,cyto  for the 

prediction of cytosolic target exposure under consideration of efflux saturability. Dotted 

lines represent a 10-fold difference relative to the biochemical potency. 

Figure 5: Concentration dependent Kpuu,cyto and unbound cellular in vitro potency of 

selected KAT6A inhibitors Compound 8 (A) and Compound 2 (B). For Compound 8, the 

unbound cellular IC50 was determined at a concentration where no efflux saturation 

occurred. For the prediction of cytosolic target exposure, Kpuu,cyto in the unsaturated state 

was used. At the unbound IC50,cell of Compound 2, saturation of efflux was relevant and a 

partially saturated Kpuu,cyto was used for the prediction of cytosolic target exposure. Data 

points are expressed as mean ± SD of triplicate measurements. 
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13. Tables 

 

Table 1: Determination of total cellular accumulation ratio for KAT6A inhibitors in the unsaturated (Kpunsat) and fully 

saturated state (Kpsat) in plated ZR75-1 cells. Parameters were obtained by curve fitting of Eq. 3 to concentration 

dependent Kp measurements ranging from 0.1 to 100 µM total extracellular concentration. Data is expressed as mean 

± SE.  

Compound Kpunsat Kpsat Km,app [µM] R2 % saturation a % recovery b 

WM-8014 2.17 ± 0.09 31.5 ± 0.7 35.2 ± 1.3 0.99 87 102 - 94 

WM-1119 1.08 ± 0.07 1.60 ± 0.09 6.8 ± 2.9 0.90 93 88 - 92 

Compound 1 5.4 ± 0.9 34.5 ± 1.8 17.1 ± 1.9 0.99 100 87 - 82 

Compound 2 2.5 ± 0.3 31.2 ± 1.4 37.2 ± 2.2 0.99 89 115 - 97 

Compound 3 1.45 ± 0.09 32.9 ± 0.2 24.9 ± 0.3 0.99 97 104 - 91 

Compound 4 1.3 ± 0.3 4.8 ± 1.0 18.0 ± 9.8 0.94 95 114 - 85 

Compound 5 2.1 ± 0.2 10.9 ± 0.3 10.7 ± 0.7 0.99 99 102 -102 

Compound 6 1.5 ± 0.2 4.0 ± 0.5 8.8 ± 4.6 0.95 101 79 - 85 

Compound 7 0.56 ± 0.06 1.70 ± 0.09 9.49 ± 0.12 0.97 92 97 - 106 

Compound 8 0.95 ± 0.03 8.90 ± 0.05 13.0 ± 0.2 0.99 100 97 - 96 

Compound 9 1.2 ± 0.3 5.3 ± 0.5 7.8 ± 2.0 0.97 103 97 - 76 

Compound 10 0.49 ± 0.02 1.29 ± 0.04 11.2 ± 1.2 0.99 99 92 - 78 

a % saturation relates to highest concentration tested, i.e. 100 µM (total). Values were calculated according to Eq. 4 

b compound recovery from cell and medium after the experiment (t = 45 min) related to t = 0min, from lowest and highest 

initial concentration used (0.1 – 100 µM). Values were calculated according to Eq. 2 
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Table 2: Cellular binding and Kpuu values obtained using two independent methods. fu,cyto was derived from Kpsat 

(saturation method), whereas fu,cell,hom was measured in ZR75-1 homogenate using rapid equilibrium dialysis (binding 

method). Physicochemical data (logDpH7.5) was calculated by ADMET PredictorTM. Data is expressed as mean ± SE. 

Compound logDpH7.5 fu,med saturation method binding method 

fu,cyto Kpuu,cyto 
a fu,cell,hom Kpuu,cell,hom 

a 

WM-8014 2.9 0.180 ± 0.006 0.0057 ± 0.0001 0.069 ± 0.007 0.025 ± 0.003 0.30 ± 0.06 

WM-1119 1.9 0.69 ± 0.03 0.43 ± 0.03 0.68 ± 0.11 0.16 ± 0.03 0.26 ± 0.08 

Compound 1 4.5 0.040 ± 0.005 0.00115 ± 0.00006 0.16 ± 0.05 0.00015 ± 

0.00007 

0.02 ± 0.01 

Compound 2 2.8 0.0114 ± 

0.0006 

0.00036 ± 0.00002 0.08 ± 0.02 0.0064 ± 

0.0004 

1.4 ± 0.3 

Compound 3 3.1 0.00299 ± 

0.00008 

0.0000911 ± 

0.0000006 

0.044 ± 0.004 0.0005 ± 

0.0002 

0.25 ± 0.12 

Compound 4 2.3 0.26 ± 0.01 0.05 ± 0.01 0.26 ± 0.12 0.051 ± 0.006 0.25 ± 0.10 

Compound 5 2.7 0.16 ± 0.01 0.0145 ± 0.0004 0.19 ± 0.03 0.0110 ± 

0.0009 

0.14 ± 0.03 

Compound 6 2.4 0.37 ± 0.03 0.09 ± 0.01 0.38 ± 0.13 0.053 ± 0.007 0.22 ± 0.08 

Compound 7 1.9 0.130 ± 0.003 0.077 ± 0.004 0.33 ± 0.06 0.076 ± 0.004 0.32 ± 0.06 

Compound 8 2.6 0.05 ± 0.01 0.00592 ± 0.00004 0.11 ± 0.02 0.0017 ± 

0.0004 

0.03 ± 0.01 

Compound 9 2.9 0.130 ± 0.005 0.025 ± 0.002 0.22 ± 0.08 0.005 ± 0.002 0.05 ± 0.03 

Compound 10 2.1 0.375± 0.003 0.29 ± 0.01 0.38 ± 0.03 0.03 ± 0.01 0.05 ± 0.02 

a for the calculation of Kpuu values, the Kp in the fully unsaturated state (Kpunsat) was used for both methods (Eq. 10 and Eq. 

14) 
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Table 3: Prediction of intracellular KAT6A target exposure using two independent methods and comparison to 

biochemical potency measurements. 

Compound IC50,biochem 

[µM] 

IC50,cell 

[µM] 

fold 

difference 

relative to 

IC50,biochem 

saturation method a binding method b 

cytosolic 

IC50 [µM] 

fold 

difference 

relative to 

IC50,biochem 

intracellular 

IC50 [µM] 

fold 

difference 

relative to 

IC50,biochem 

WM-8014 0.005 0.10 20 0.001 4.0 0.006 1.1 

WM-1119 0.005 0.03 5.7 0.013 2.7 0.005 1.0 

Compound 1 0.48 7.8 16 0.12 3.8 0.009 55 

Compound 2 0.085 8.52 100 0.13 1.6 0.46 5.4 

Compound 3 0.075 12 158 0.20 2.7 0.053 1.4 

Compound 4 0.088 4.9 57 0.59 6.8 0.39 4.5 

Compound 5 0.017 3.8 220 0.17 9.9 0.097 5.6 

Compound 6 0.061 0.12 2.1 0.017 3.5 0.010 6.1 

Compound 7 0.026 1.0 40 0.046 1.7 0.045 1.7 

Compound 8 0.006 1.6 260 0.010 1.6 0.003 2.3 

Compound 9 0.59 0.92 1.5 0.029 21 0.006 105 

Compound 10 0.17 0.22 1.3 0.032 5.3 0.004 45 

a for the prediction of cytosolic IC50, the Kpuu,cyto at the unbound IC50,cell was used (Eq. 16) 

b for the prediction of intracellular IC50, the Kpuu,cell,hom in the unsaturated state was used (Eq. 15) 
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14. Figures 

 

Figure 1 
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Figure 3: A, B, C 
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Figure 4: A, B, C 
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Figure 5: A, B 
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Supplemental Figure 1: Chemical structure of previously published KAT6A inhibitors WM-

8014 (A) and WM-1119 (B) that were included in this study. 
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WM-1119 
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Supplemental Figure 2: Concentration dependent cellular accumulation ratio (Kp) in ZR75-1 

cells for all investigated KAT6A inhibitors in this study (A-L). The line represents curve fitting 

of Eq. 3 to the data points to estimate Kpsat and Km,app. The accuracy of fu,cyto estimates depends 

on how reliable Kpsat can be estimated. 
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Supplemental Figure 3: Concentration dependent Kpuu,cyto determined with the saturation 

method and observed in vitro potency against ZR75-1 cells for all KAT6A inhibitors in this study 

(A-L). 
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Supplemental Table 1: In silico physicochemical compound properties of KAT6A inhibitors calculated by ADMET 

PredictorTM and in vitro Caco-2 permeability.  

Compound In silico prediction of physicochemical properties Caco-2 Papp [nm/s] a 

logDpH7.5 acidic pka Predominant charge state at pH = 7.4 

WM-8014 2.9 8.8 neutral 260 

WM-1119 1.9 7.7 neutral 197 

Compound 1 4.5 7.6 neutral n.d. 

Compound 2 2.8 3.6 negative 55 

Compound 3 3.1 3.6 negative 96 

Compound 4 2.3 4.1 negative 67 

Compound 5 2.7 3.8 negative 95 

Compound 6 2.4 4.3 negative 146 

Compound 7 1.9 4.1 negative 53 

Compound 8 2.6 4.1 negative 238 

Compound 9 2.9 3.7 negative 223 

Compound 10 2.1 3.8 negative n.d. 

n.d.: not determined 

a Caco-2 permeability data was determined during routine compound characterization 
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Supplemental Table 2: Relevance of cellular saturation effects that occur at the unbound IC50,cell for the prediction of 

intracellular KAT6A exposure. 

Compound Unbound 

IC50,cell 

[µM] 

Unbound 

Km,app [µM] 

Unbound IC50,cell 

~ Unbound 

Km,app 

Difference between 

unsaturated and 

corresponding Kpuu,cyto 

Prediction 

improvement using 

corresponding Kpuu,cyto 

WM-8014 0.018 6.3 ± 0.4 no - - 

WM-1119 0.019 4.7 ± 2.2 no - - 

Compound 1 0.43 0.68 ± 0.16 yes 1.8-fold 1.9-fold 

Compound 2 0.33 0.42 ± 0.05 yes 5.2-fold 2.1-fold 

Compound 3 0.22 0.074 ± 0.003 yes 22-fold 3.0-fold 

Compound 4 1.6 4.6 ± 2.8 yes 1.5-fold - 

Compound 5 0.67 1.69 ± 0.23 yes 1.3-fold - 

Compound 6 0.046 3.2 ± 1.9 no - - 

Compound 7 0.14 1.24 ± 0.04 no - - 

Compound 8 0.090 0.69 ± 0.14 no - - 

Compound 9 0.12 1.0 ± 0.3 no - - 

Compound 10 0.083 4.2 ± 0.5 no - - 
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Supplemental Table 3: Analytical method parameters for compound quantification via LC-MS/MS. 

Compound MW [g/mol] RT [min] Ionization Method Q1 [Da] CE [eV] Q3 [Da] 

WM-8014 384.4 0.41 ESI + 384.9 23 213.0 

WM-1119 389.4 0.37 ESI + 389.9 69 172.0 

Compound 1 460.5 0.45 ESI - 459.0 -34 140.8 

Compound 2 510.2 0.53 ESI - 508.6 -38 225.7 

Compound 3 602.7 0.54 ESI - 600.5 -38 189.8 

Compound 4 437.5 0.43 ESI + 437.9 29 216.9 

Compound 5 455.9 0.46 ESI + 455.9 25 163.0 

Compound 6 420.5 0.44 ESI + 421.0 29 204.0 

Compound 7 443.5 0.38 ESI + 426.9 33 205.0 

Compound 8 435.5 0.45 ESI - 434.1 -44 145.8 

Compound 9 434.5 0.44 ESI - 433.1 -40 168.8 

Compound 10 410.4 0.40 ESI - 409.0 -82 143.9 

Internal Standard 337.8 0.35 ESI + 337.9 25 210.9 

Internal Standard 337.8 0.35 ESI - 335.9 -22 208.8 

MW: Molecular Weight; RT: Retention Time; CE: Collision Energy; Q1: Parent analyte mass; Q2: Daughter analyte mass 

 


