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CellCiphrTM

Abstract
CellCiphr™, an in vitro High Content Screening (HCS)Toxicity platform, has been used by us
to delineate mechanisms of toxicity. In addition, it has been used to predict the maximum
plasma concentration of a drug (Cmax) at which a compound is classified as presenting toxic
side effects through retrospective analysis of compounds with in vivo exposure and toxicity
data.

A

However, at early stages of drug discovery, before animal in vivo data are available, and when
human in vivo data will not be available for years to come, the practical use of this information
in prioritizing compounds is limited by the absence of in vivo exposure data.
Here we explored if in the absence of in vivo data, one can apply CellCiphr™ HCS in
conjunction with Cloe®PK, an in silico Physiologically Based Pharmacokinetic (PBPK)
modeling program that predicts Cmax from oral dosing, to predict dosing regimens for both
rodent and human testing.
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We demonstrate that
can be mathematically inverted in order to predict an oral
dosing regimen from a given Cmax safety threshold. This methodology, based on HCS inputs
from the CellCiphr™ assay and on exposure simulations from the PBPK application Cloe®PK,
will be presented as an integrated workflow for a completely in vitro based predictive
toxicology platform.

ADME:
• Absorption – from the environment, via the GI tract, skin, lung, etc.
• Distribution – via the circulatory and lymphatic systems throughout the body
• Metabolism – by xenobiotic metabolizing enzyme systems in liver, intestinal tissue, lung,
kidney, and other organs
• Elimination – via the urine, bile or intestinal exsorption of the parent compound and/or its
metabolites(s).

CellCiphr™ combines HCS with innovative ranking and classifying systems for predicting in
vivo toxicity. CellCiphr™ screening data were generated in two cell types (primary rat
hepatocytes and HepG2 human liver cells) at two time points (24 and either 48 or 72 hours,
depending on the panel) across multiple endpoints each (see figure 1). Each endpoint is a
defined and well-characterized mechanistic biomarker of cellular toxic response induced by
exposure to toxicants. This endpoint response profile allows the researcher to gain insight
about a compound’s mechanistic toxicity across two cell types, a primary non-dividing
metabolically active hepatocyte as well as a dividing cell line for general cytotoxicity. This
data can then be used to rank compounds according to their safety profile as well as
predict the toxic liabilities which may be associated with a specific compound.

Panel 2 Rat
Hepatocytes

Normalized
Clinical Cmax

A

Endothelin Receptor Antagonist
CellCiphr™ Profiles
Panel 1 HepG2

Panel 2 Rat
Hepatocytes

Normalized
Clinical Cmax

Normalized
Clinical Cmax
Normalized
Clinical Cmax
Normalized
Predicted Cmax
Normalized
Predicted Cmax
Normalized
Predicted Cmax

C
Normalized
Predicted Cmax

Figure 1. CellCiphr™ HCS Assay. A. List of endpoints for CellCiphr™ panels (HepG2 and rat hepatocytes).
All endpoints for each assay are measured on two plates in four different fluorescent channels at two different
time points. B. HCS Images of HepG2 cells treated with positive control compounds. Images are from the
same cells in the different channels. Row 1 is the first plate treated with Camptothecin and Row 2 is the
second plate treated with paclitaxel which are used for the multiparametric endpoints. C. HCS images of
primary rat hepatocytes treated with positive control compounds. All images were acquired in a multichannel
multiparameter assay. All images were acquired using an Arrayscan VTI.

Response Parameterization

• Cloe® PK is a unique assembly of proprietary species-specific mathematical models for
the major organs and tissues (Brightman FA et al)
• Cloe® PK models physiology, so predictions do not depend on knowledge of chemical
structures
• Cloe® PK reports:
• Concentration time profiles in venous and arterial plasma
• Concentration time profiles in 14 organs and tissues
• Summary pharmacokinetic parameters

Figure 5. Heatmaps of 5HT antagonists. A. Heatmaps of CellCiphr™ panel 1 and panel 2 data
showing the response profile of the 5HT drugs. B. Heatmaps of the actual clinical Cmax normalized
endpoints for the CellCiphr™ results. This shows the true safety risk based on the exposure in the
body to the drug. From this result it is obvious that Nefazodone has the highest liability while
trazodone also has some toxic liability. Although Buspirone looks like it has a higher liability in the
unnormalized results, when it is corrected it has much less liability. C. Heatmaps of the Cloe®PK
predicted Cmax corrected CellCiphr™ endpoints. These results are consistent with the actual Cmax
corrected heatmaps and show that using Cloe®PK to predict Cmax was effective for this drug set. The
AC50/TI intensity bar shows the intensity of the responses with white having the highest risk
associated while black is the least.
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Figure 7. Heatmaps of ETRA compounds. A. Heatmaps of CellCiphr™ panel 1 and panel 2 data
showing the response profile of the ETRA drugs. B. Heatmaps of the actual clinical Cmax normalized
endpoints for the CellCiphr™ results. This shows the true safety risk based on the exposure in the
body to the drug C. Heatmaps of the Cloe®PK predicted Cmax corrected CellCiphr™ endpoints.
These results are consistent with the actual Cmax corrected heatmaps and show that using CloePK to
predict Cmax was effective for this drug set. The AC50/TI intensity bar shows the intensity of the
responses with white having the highest risk associated while black is the least.
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Combining HCS data with exposure data (Cmax) greatly enhances the predictive power of
these assays (Xu et al, 2008). The use of a highly optimized and data rich assay like
CellCiphr™ in combination with Cmax data increases the value even further by providing a
exposure linked mechanistic profile that can differentiate compounds in a data set based on
their safety liabilities. Although Cmax is available for late stage drug candidates and
marketed drugs, early stage compounds often do not have this information available. To
fully transition HCS in vitro toxicity to an earlier stage of drug development such as the lead
optimization phase, a method for predicting Cmax is necessary.
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Conclusions
Toxicity continues to be the major cause for drug attrition preclinically and in
development and results in a huge cost incurred by companies the later it is
discovered in the process. Because of the structure of the drug development
process, the first information about the safety liability of a compound may
come in the more expensive animal testing or even in phase 1 trials.
Therefore a real need exists to develop an effective in vitro toxicity platform
which can be deployed early within the drug discovery process when much
chemistry is available and SAR can be done, so that only the safest
compounds with the most opportunity for success are moved forward. This
assay will need to combine toxic mechanistic endpoints with drug exposure to
effectively rank compounds and determine their safety liability (Xu et al, 2008,
O’Brien et al 2007). Here we show that by combining CellCiphr™, an in vitro
HCS toxicity assay with Cloe®PK, a PBPK model to predict Cmax, we can
accurately rank the safety risk presented by two families of drugs.
The 5-HT antagonists are a family of compounds which are used to treat
depression or anxiety disorders. Here we show that our results are consistent
with the expected clinical information available for these compounds.
Nefazodone has been well characterized as a compound causing
idiosyncratic liver injury and we show significant endpoint induction at low
AC50s. When we correct for Cmax, we show that it has a low therapeutic index
and this is consistent with using our Cloe®PK predicted Cmax. Trazodone is
relatively safer than Nefazodone but has had some cases of idiosyncratic
hepatotoxicity (Chen et al, 2011). Our results show that there are some
endpoints induced at relatively low AC50s and that when these are corrected
for Cmax, there is still a low therapeutic index for these compounds, especially
in the rat hepatocytes due to the metabolic activity necessary for creation of
reactive intermediates. This can be better visualized when looking at the
binned data for Nefazodone and Trazodone. Buspirone has a significant
number of endpoints induced in panel 1 and fewer in panel 2 but the majority
are at a slightly higher AC50. When these are corrected for Cmax, it becomes
obvious that none of these are significant, based on their therapeutic index in
both, the clinical and the predicted Cmax. The binned data show this even
more profoundly. This is consistent with the clinical data available that shows
that Buspirone is the safest of this family of drugs and has low hepatotoxicity
associated with it.
The Endothelin Receptor antagonist family of drugs are used for the treatment
of pulmonary artery hypertension. Bosentan has been identified as a DILI
compound clinically and has a Black Box warning from the FDA while
Ambrisentan has been shown to be very low risk. In evaluating the
CellCiphr™ data, Bosentan has many endpoints activated at relatively low
AC50s while Ambrisentan has a cleaner profile. When these results are
corrected for the clinical Cmax, Bosentan remains active for numerous
endpoints especially in the HepG2 panel and Ambrisentan has no
hits. Because of the lower clinical Cmax, Ambrisentan has a higher safety
threshold index relative to Bosentan. These results are consistent with the
predicted Cmax results found with Cloe®PK. The binned data further confirms
and demonstrates the differences which were observed.
Overall, the prediction of toxicity for these two compound sets was very
effective. Using the Cmax corrected data, both predicted and observed, results
in a much more effective way of determining the relative safety of a compound
as compared to other compounds in that family. The use of a multiple
endpoint assay at multiple time points also adds to the ability to characterize
the toxic response of an SAR set and can help to sort the compounds due to
their induction of different endpoints at varying doses. This leads to a more
informed selection of lead compounds to move forward in the drug
development process.
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Figure 6. Binned heatmaps of 5-HT antagonists. Compounds are grouped into 4 different
Therapeutic index bins to show their potential risk. Compounds with white heat have the greatest
risk. Yellow is intermediate, red is lower, and the black is the least problematic. These results
show that Nefazodone has significant risk associated with it and is a DILI compound. Trazodone
has some risk associated with but is still marketed. Buspirone is the safest of the three drugs.

Cloe®PK,

To achieve this goal, we have utilized
a Physiologically-based Pharmacokinetic
modeling (PBPK) software application developed by Cyprotex, to predict Cmax for
compounds. Cloe®PK can be used to predict Cmax using inputs from standard in vitro
ADME assays such as: Solubility, Hepatic microsomal intrinsic clearance, Fraction
unbound in plasma, Caco-2 permeability, pKa (calculated or measured), and LogP
(calculated or measured). The addition of Cloe®PK to CellCiphr™ greatly enhances our
ability to predict safety liability in a more physiological way based on true exposure to the
compound.
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• PBPK models are mathematical simulation models for PK prediction, based on differential
equations
• They model the fates of compounds in the bodies of humans or preclinical species
• Their primary output is the time rate of change following dosing of relevant quantities
• The concentration of a compound in the plasma and other tissues
• The amount of a compound eliminated in the urine
• The amount of an oral dose absorbed from the GI tract lumen
• They can use simple in vitro inputs to make predictions of PK
• They provide a more mechanistic and realistic information about plasma/tissue time
profiles than other PK modeling approaches
• They can extrapolate PK across species, routes of administration and dose levels

Background
Toxicity is a key reason for drug attrition at all stages of the drug discovery process.
Identifying potential toxicity earlier in the drug discovery process can save both time and
development costs. High Content Screening (HCS) is a powerful and versatile tool for
quantifying and understanding the changes that occur when cells are exposed to potentially
toxic compounds. HCS allows the analysis of multi-parametric indicators of cellular toxicity
covering a wide range of cytopathological changes and identifying mechanisms leading to
cell death (Abraham et al 2008). The use of HCS earlier in the drug development process
allows for the identification of safer series selection, rank ordering of compounds within a
series. In addition the mechanistic fingerprint can assist in SAR approaches when
chemistry is still available.
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Cloe®PK

We show how technical issues, e.g. varying metabolism of different compounds and varying
dosing protocols, affect the outcome of the simulations, and how these considerations can
provide guidance to proper preclinical in vivo experimental design. We demonstrate the
effectiveness of this predictive model for the members of the piperazine family of
antidepressants; Trazodone, Nefazodone, and Buspirone as well as members of the
Endothelin receptor antagonists family of pulmonary hypertension drugs; Bosentan and
Ambrisentan.

Cloe®

Figure 4 Plot of observed vs.
predicted Cmax. The plot shows the
predicted Cmax on the y axis plotted
against the actual observed Cmax on
the x axis.

Figure 8. Binned heatmaps of ETRA compounds. Compounds are grouped into 4
different Therapeutic index bins to show their potential liabilities. Compounds with white
heat have the greatest liability. Yellow is intermediate, red is lower, and the black is the
least problematic. These results show that Bosentan has a lower therapeutic index
compared to Ambrisentan in CellCiphr™ in HepG2. Both Bosentan and Ambrisentan
are still marketed but Bosentan has some potential hepatotoxicity clinically.
Ambrisentan has been shown to be safe and has the best therapeutic index in
CellCiphr™.
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