siRNA

Challenges in
High-Content
siRNA Screening
Dr. Eberhard Krausz, HT-Technology Development Studio (TDS), Max Planck Institute of Molecular Cell Biology and
Genetics (MPI-CBG)

Huge progress has been made, both in RNA interference technology applied to mammalian
cells and in automated microscopy to analyse gene functions upon silencing in the cellular
context. Large-scale siRNA screens have been published recently, mainly applying assays
that gain multi-parametric information on biological processes. It is a long way to establish
an infrastructure that allows high-content siRNA screening, and in this article the major
challenges are summarised.
RNA interference has revolutionised functional analysis of
genes1,2. After the breakthrough demonstrated by the first
application of chemically synthesised 21-meric short
interfering RNAs (siRNA) in mammalian cells3, various
methods of RNA interference have been established for
application in mammalian cells that allow efficient and
reproducible silencing of individual genes providing the
opportunity to gain functional information on each
individual gene.
Algorithms have been developed to predict siRNA
molecules that exhibit a high probability of being functional.
Such siRNAs are commercially available against all predicted
genes of the human, mouse and rat genomes. Large libraries
have been assembled to target individual classes of interest
including the 'druggable' and the whole genome. Three
technologies have been elaborated for gene silencing in
mammalian cells:
1) Chemically synthesised siRNAs3
2) Short hairpin siRNAs (shRNA) expressed from vectors such
as plasmids or viruses4,5
3) Endoribonuclease-derived siRNAs (esiRNA) that are
produced in vitro digesting double stranded long RNA by
Dicer or RNaseIII6,7
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Genome-wide libraries of all three types are available. A
number of large-scale screening projects have already been
accomplished and published8-16. Of particular interest to the
pharmaceutical industry might be some recently published
siRNA screens to sensitise existing chemotherapy currently in
clinical practice17,18. This may help to identify new targets for
drug discovery programmes or new combination treatments
of existing drugs.

How to screen siRNA libraries and follow-up hits
A few lessons have been learned from large-scale experiments.
Minimal requirements for studies applying RNA interference
were set by Nature Cell Biology in 200319 and specified further
for large-scale experiments in particular20-23. It is critical not
only to elaborate an appropriate screening strategy, but also a
hit follow-up strategy. This will verify the data generated by
the primary screening and ensure the release of solid and
reliable data. Beside variation in the assay, a major source
of false-positives are ‘off-target effects’, meaning silencing
of other targets than the desired, due to sequence
homologies24-26. The desired assay must be properly validated
applying appropriate negative and assay-specific positive
controls and a reliable screening window, described in order to
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Figure 1: The semi-automated workflow for high-content siRNA screening at the Max Planck Institute in Dresden, Germany. All steps
are aiming to standardise the process as much as possible and to achieve necessary throughput for genome-scale screening. Cells are
counted and seeded automatically. Chemically synthesised siRNA libraries are packed with liposomes and transfected into cells in a
transfection robot applying a 384-needle pipetting head without using plastic tips. After incubation for 48 to 96 hours cells are fixed,
stained and washed. For automated microscopy there are a number of imaging systems applied depending on the specifications
requested for the assay. A LIMS that was developed at the TDS allows data management, image analysis and statistical evaluation

allow definition of 'hits'. The rule to define a hit beyond the
three times standard deviation from background achieved
with the negative control might be applied, but dependent on
assay specifications and hit rate that might be lowered also to
twofold SD. More importantly, the hits must be correctly
followed-up. A widely applied screening strategy is to apply 24 individual siRNA molecules per target in separate wells,
rather than pools in triplicates, already for primary screening.
To keep the costs low replicates might be skipped instead. In
our experience at least three individual siRNAs should be
applied, as two siRNAs per target do frequently end in a
stand-off situation when only one molecule scores for the
phenotype. This makes interpretation difficult. Results obtained
at three out of three or two out of three siRNAs might be
considered as real hits and followed up later while one out of
three may be suspicious, therefore resulting from off-target
activity. A second independent run will filter the initial hit list
and only the overlap of the two runs might be taken further.
Additionally, compared to expression profiling data of the cell
line taken, a literature search will aid prioritisation. The
selected hits should then be verified in secondary assays
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following an independent test principle. There are then a
number of options available: (1) re-order the identical siRNA
molecules, (2) order independent siRNAs against the same
target, for example from a different vendor, or (3) apply
another RNAi technology for hit verification such as short
hairpin siRNAs or endoribonuclease-prepared siRNAs. For the
solid hits, functionality of the molecules should then be
demonstrated at mRNA level and/or at protein level if
antibodies are available. The ultimate proof provides genetic
rescue experiments. A very elegant method was described
recently27,28: the mouse ortholog gene, including its upstream
promoter sequence, was inserted into a bacterial artificial
chromosome (BAC). This was then fused to a GFP and then
stably integrated into the human cell line that had previously
been applied for screening. Only the combined silencing of
both genes should exhibit the observed phenotype while
targeting the mouse or endogenous human gene individually
by specific siRNAs. This should show no effect.
The next challenge towards implementing large-scale
screens is to elaborate siRNA transfection protocols that are
appropriate for high-thoughput. A broad range of mainly lipid-
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siRNA
based siRNA delivery agents have been commercialised and
serve well for easy-to-transfect cancer cell lines29.
Unfortunately, the majority of interesting cell models is more
difficult to transfect, thus requiring screening for an
appropriate reagent and conditions. An interesting opportunity
offers electroporation: A number of instruments have been
marketed recently that allow transfection in a 96-well format.
However, costs could be a severely limiting factor for this
technology. For large-scale screening projects transfection
must be automated, not only to ease the labour but to also
help standardise the process and minimise variation.

The major challenges of High-Content Screening

systems provide injection devices and incubation chambers
with controlled temperature, CO2 concentration and humidity.
The fourth confocal high throughput system, the ImageXpress
Ultra (Molecular Devices), provides imaging by point scanning.
An essential component in the success of such highcontent screening projects is the existence of sophisticated
software algorithms that allow analysis of cellular
fluorescence. The determination of morphological
characteristics is to extract reliable and automatic information
from the masses of captured images. Typically, nuclei are
identified and masked first. The cell boundaries are then
searched to mask the cell shape. Subsequently, the masks are
laid over the image(s) of the other channel(s), and signals
within the masks are measured. All mentioned automated
microscopes are delivered with proprietary image analysis
solutions for a broad range of biological events. For popular
assays at cellular or sub-cellular level, such ready-to-use
scripts are available and need only some fine-adjustments
towards the cell line and/or conditions particularly used in
one's assay. Additionally, external commercial products are
available or, alternatively, academic products such as the

Recent progress in instrumentation and image analysis
development has made microscopy applicable to highthroughput screening. 'High-Content Screening' (HCS) is
defined as multiplexed functional screening based on imaging
multiple targets in the physiologic context of intact cells by
extraction of multicolour fluorescence information30. For HCS
the most modern automated microscopy systems provide up
to 100.000 confocal images per day, at multiple colours,
simultaneously and at an amazingly high
resolution that allows for detailed analysis at
sub-cellular levels. Image analysis tools provide
multi-parametric pattern extraction
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three or four colours allows extraction of
various parameters from each cell in a
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intensity, size, distance or distribution. Cellbased assays reflect high physiological
relevance and single cell analysis provides
insight into the heterogenic response to any
kind of treatment among a given cell
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signal can be normalised against cell
number upon nuclei staining and counting.
On the other hand, in cellular assays higher
variability is observed compared to
biochemical assays. At least 200 cells should be
covered, but that depends heavily on the type
of assay and the frequency the desired
phenotype occurs. Therefore, this number
might be exceeded significantly.
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CellProfiler
(http://www.cellprofiler.org/)
might be used.
The key question is what to do
with all the data. High-content
screening can easily generate more
than one Terabyte in both primary
images and metadata. These must
then be stored and managed per
run. Process artefacts have to be
identified and eliminated. Results
are then compared between
independent runs. After this, an
appropriate hit verification strategy
has to be applied, as discussed
above. Finally, data will be
compared to other internal and
external data sources. Cluster
analysis will assist in identifying
networks and correlations.
Figure 2: A known proto-oncogen hits in a primary cell viability/apoptosis screen. HeLa cells
were transfected by siRNAs directed either against the firefly luciferase (Fluc) that is not
present in the cells or against the met proto-oncogene (MET) that is implicated in tumour
growth, invasion and metastasis. Cells were incubated for 48 hours. Cells were subsequently
stained by Draq5 (far-red) and a fluorescently labeled Annexin V (green). Healthy cells show
phosphatidylserine only in the inner layer of the plasma membrane while, for example, upon
induction of apoptosis these molecules swap also to the external layer and get recognised and
bound by Annexin V. Spontaneously, a few cells in a HeLa population are always dying while by
MET depletion significant induction of apoptosis is triggered that is recognised not only by PS
exposure but also by morphological changes of the cell nuclei

What next?
Although tremendous progress has
been achieved in HCS, there are
major challenges still to be solved.
More complex and physiologically
relevant assays will be developed in
primary cells, multi-cellular
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siRNA
systems, organ cultures or whole model organisms. Large-scale
kinetic screens to visualise complex dynamic processes in
living cells have been implemented.32 Image analysis hardly
follows the technical progress in image acquisition.
Furthermore, bioinformatics will face new challenges bringing
context to all of the data. Finally, linking functional (siRNA)
and chemical screening will dramatically support systems
biology and will broaden our understanding of complex
biological processes. ■
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