In recent years, cell-based phenotypic assays have emerged as an
effective and robust addition to the array of assay technologies available
for drug discovery in the high throughput screening arena. Previously,
biochemical target-based assays have dominated this landscape.
Phenotypic assays are often capable of providing more biologically
relevant and pharmacologically useful data than their target-based
counterparts. As cell based assays become more prevalent the
problems associated with adapting these assays onto the High
Throughput Screening drug discovery platform will have to be
addressed. We present an overview of the problems encountered with
the implementation of multiple cell-based assays at the High Throughput
Screening Center at Southern Research Institute as well as empirically
defined effective solutions to these problems with special consideration
being given to assay miniaturization, liquid handling complications and
instrument-introduced artifacts. These tactics and solutions will be
useful to anyone planning to use cells as a basis for HTS.

Mammalian cell-based assays have become increasingly prominent in
the realm of high throughput screening (HTS). The readouts of these
assays are dependent on a phenotypic response and this most often
translates into longer incubation times than required for target based
assays. Any instrument introduced artifacts in the shorter assays will
only be exacerbated by these longer incubation times and in turn,
previously unnoticed or minor artifacts or complications can become
major problems. The ever increasing push towards higher density assay
formats introduces its own set of problems.

Through the implementation of multiple cell based assays in the HTS
Center at Southern Research Institute (SRI), we have encountered and
resolved a wide range of assay problems. These have included reader
induced artifacts, incubator related plate patterns, edge effects attributed
to either evaporation or cell adhesion as well as liquid handling
irregularities. We present an overview of a representative group of
assays highlighting multiple endpoints and incubation times. Along with
the problems encountered during implementation, a review of the
diagnosis and solution to each problem is presented. This list of known
potential problems and respective solutions has now been incorporated
into the validation of every cell based assay in the HTS Center at SRI.
In addition, every new cell based assay provides a new opportunity to
expand this list. All assays discussed below were performed in 384-well
plate format.

Temperature Gradient Induced Edge Effect

During validation of a cell based assay using a tumor cell line, a significant edge
effect was observed. Based on the work of Lundholt et al, allowing the assay
plates to incubate at room temperature for various times prior to moving them to
the 37T incubator was evaluated. The theory is that edge effect is caused by a
temperature differential across the plate which is created when the plate is placed
in the incubator®. The outer most wells reach 37 more rapidly the n the inner
wells and so the outer wells show a different response then the inner wells in an
assay. This treatment resulted in a drastically reduced edge effect. (Figure 1)

Incubator Induced Plate Pattern

Assay plates in an anti-viral screen demonstrated unusual patterns that occurred
seemingly randomly throughout assay runs. Through detailed tracking of reagent
addition order and plate positions in all incubators used in the screen, particular
positions in one incubator were identified as the cause of the pattern. Plates not in
these positions did not demonstrate the observed pattern. (Figure 2)

DMSO Carry-Over During Compound Addition

The possible problems with carry-over and contamination related to washing
pipette tips between compound transfers has been well documented? and must be
weighed against the cost savings of tip washing. The effect of DMSO carry-over
can clearly be seen in the control values of this reporter-gene assay. (Figure 3)

Primary Cell Concerns

Primary cells can be highly problematic when used in an HTS campaign. In this
case, very sensitive cells and complicated culture conditions led to high CV's and
poor reproducibility. Through careful monitoring of all equipment used, the
employment of room temperature incubations, and the incorporation of collagen
coating for the assay plates, a very robust HTS assay using primary cells was
developed. (Figure 4)

Figure 1. The formation of temperature gradients within cell-based assay
plates can cause drastic edge effects as described by Lundholt et al*.
Assay plates that were placed directly into the incubator after plating
demonstrate this edge effect (%CV = 16.4%) (a). A one hour incubation
at room temperature before being placed in the 37T incubator
dramatically reduces this effect (%CV = 8.6%) (b).
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Figure 2. Assay plates placed in the right-most front position in the
incubator demonstrated unusual plate patterns (a). The orientation of
the plates was such that column 1 faced the front of the incubator.
After decontamination, professional servicing and a thorough check of
all of the door gaskets, the CO2 solenoid, the circulation fans, the
temperature control, and the humidity control, the cause of this plate
pattern could not be identified. Assay plates that were not placed in
these positions in the incubator did not demonstrate this incubator
induced artifact (b).

Figure 3. Compounds were
added to assay plates in
groups of four. The control
well values show a distinct four
plate pattern attributed to

@ DMSO carry over (a). After
altering the method for
compound and control
addition, the control wells on

N e g each assay plate gave a much

L. more consistent response (b).
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Figure 4. High Throughput Screening using primary Human Umbilical
Vein Endothelial Cells proved problematic. This assay required
optimization that included plating parameters, strict regulation of
incubation conditions and the exploration of multiple plate coating
substrates. After the application of the lessons learned while
validating and conducting multiple high throughput cell based assays,
this resulted in a very robust, highly reproducible assay with Z' factors
averaging 0.8.
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Based on these and many other experiences in the adaptation of cell
based assays to automation platforms at SRI, the HTS Center now
approaches cell-based assays without prejudice. Every cell line or
construct is assumed to be unique and every cell line is optimized
based on its behavior in an assay plate. “Dogma” is often the enemy
of conducting a successful HTS campaign because assumptions are
made based on general knowledge which may or may not apply to the
specific cell line being used. The same approach is used in
troubleshooting and no assumptions are made concerning any
variable or condition until it is evaluated experimentally. To avoid this
common problem, troubleshooting during assay development and
validation always begins at the beginning and proceeds through each
step of the assay to determine the cause of the problem. This
procedure has saved time and money on numerous occasions when
the initial assessment of the assay would have eliminated certain
steps as unlikely contributors to the problem. In more than a few
cases, these assumptions would have eliminated the cause of the
problem from consideration and delayed resolution.

In the end, mammalian cells are a useful, but often problematic tool
for the HTS scientist. Cell plating conditions, incubation times,
compound addition parameters and assay endpoint considerations
can all affect the quality of data produced when conducting a
screening campaign utilizing mammalian cells. The testing of all of
the treatments described are now a routine part of the assay
validation process at SRI.
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