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How high-throughput
CRISPR is set to deliver
knockout performance
in drug discovery
CRISPR-Cas9 has rapidly transformed our ability to perform targeted gene
editing. While the technique has received much interest for its potential in the
field of gene therapy, advances in its high-throughput use mean it can now open
up a wealth of opportunities in drug discovery too.

C

RISPR-Cas9, short for clustered regularlyinterspaced short palindromic repeats and
CRISPR-associated protein-9, has quickly
established itself as an important tool for precision
gene editing. This powerful technology has transformed our ability to precisely target genomic sites,
proving to be faster, cheaper and more accurate
than other existing genome editing methods.
While other gene editing technologies such as
zinc finger nucleases (ZFNs) and transcription activator-like effector nucleases (TALENs) have played
a key role in expanding our gene editing capabilities, these approaches have their limitations.
Unlike ZFN and TALEN approaches, CRISPRCas9 uses short synthetic guide RNAs (gRNAs)
that direct the Cas9 endonuclease to act on specific
genomic sites. As this specificity results from the
gRNA, changing the target requires a relatively
simple tweak to the RNA sequence.
This simplicity enables gene editing to be directed towards essentially any site faster and more
cost-effectively than other techniques1. Coupled
with the fact that the latest generation of platforms
offer significantly higher editing efficiency,
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CRISPR-Cas9 is now seen by many as the preferred gene editing approach for a wide variety of
biotech applications2.
The editing efficiency and simplicity of the
CRISPR-Cas9 system has unlocked a wealth of
gene editing potential in biotechnology and
medicine. To date, much of the interest towards
CRISPR-Cas9 has been on its potential for human
gene therapy and developing more disease-resistant
crops. However, recent advances in high-throughput platforms, such as arrayed screening libraries,
mean CRISPR-Cas9 is now emerging as a key tool
for drug discovery, from target identification and
validation through to the development of more
translational preclinical models3.

By Dr Paul Avery and
Dr Richard Massey

High-throughput gene editing
for target discovery
Currently, one of the biggest challenges in drug discovery is the search for novel, validated and druggable targets. Genome-wide loss-of-function screening is a well-established and powerful approach for
the discovery of genes and pathways associated with
biological processes. While the previous generation
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Figure 1
Editing the genome with
molecular scissors
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of screening techniques have revealed a large
amount of significant and relevant data, the gene
editing technologies underpinning these approaches
have only taken us so far.
Many early gene knockdown screens were based
on RNA interference (RNAi) techniques, a means
of silencing genes by deactivating messenger RNA
(mRNA). Among the most widely used knockdown screens were those based on small interfering
RNA (siRNA). However, while this technique provides an abundance of information on biological
pathways, it is frequently hampered by poor gene
knockdown rates.
In contrast, CRISPR-Cas9 allows the modulation of specific endogenous genes to cause complete gene silencing, leaving no residual activity to
complicate analysis. While pooled CRISPR
libraries have made genome-wide knockout more
efficient, they require an additional deep sequencing deconvolution step for the reliable identification of hits. The development of arrayed CRISPR
screening approaches is set to provide complete
gene knockout without the complexity and cost
associated with big data analysis2. These scalable

screening methods may now be able to accelerate
the search for candidate genes that could have been
missed using earlier approaches.
“Genomic CRISPR screening has the potential to
demonstrate which pathways are involved in the
manifestation of particular diseases or conditions,”
says Gregory Alberts, Global Subject Matter Expert
at Lonza. “Once the particular genes associated
with responsive pathways are identified, there
could be numerous candidates, such as potential
drug targets, which can then be assessed for the
appropriate responses to drug intervention.”
Alberts believes that these high-throughput screens
are well placed to contribute to the major paradigm
shift currently taking place in medicine: the move
away from treating disease symptoms and towards
the targeting of their underlying mechanisms.
“By determining which gene expression or signal
transduction pathways are turned on or off in specific cancers, for example, you can potentially target the individual components of these pathways.”
In this way, pathway analysis may offer opportunities to attack diseases using a whole range of new
approaches.
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Gene editing for improved
model generation
Precision gene editing techniques, such as CRISPRCas9, are enabling the development of more complex disease cell models, especially in cell lines that
are more difficult to culture and transfect, such as
primary cells or induced pluripotent stem cells.
Able to create more cleavage sites in the genome,
these tools allow mutations to be inserted or
repaired more efficiently and with greater precision
in order to create cell lines that more closely model
human disease states. The improved efficiency of
CRISPR-Cas9 potentially allows proteins to be
studied at native levels, in contrast to more traditional approaches that typically rely on protein
overexpression.
Moreover, the cleavage efficiency that is possible
with the latest generation of CRISPR-Cas9 tools
could potentially help to bring down the cost of
developing new models, an opportunity that is
exciting Jon Chesnut, Senior Director of Synthetic
Biology R&D at Thermo Fisher Scientific.

“In many cases we can routinely cleave up to
90% or even higher of the gene loci in the population,” he tells DDW. “At this level of efficiency,
we can start to think about automating these processes.”
Streamlining workflows in that way could
improve the predictability of getting the desired
clone and would ultimately lower the cost of producing cell lines.
“If we’re able to produce more cell lines, more
predictably, at a reasonable cost, we can look differently at how we set up our experiments,” says
Chesnut. “Instead of looking at one mutation at a
time, we might be able to look at multiple mutations in a particular cell, for the same cost, using a
more systems-based approach.”

Commercially-available
gene editing technologies
A number of manufacturers have made highthroughput CRISPR-Cas9 gene editing tools available on the market.
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Immuno-oncology Research
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Taconic Biosciences provides models and solutions for
every phase of immunotherapy drug development.
Taconic offers an extensive lineup of rodent models and services for preclinical
immuno-oncology research. This comprehensive suite includes the CIEA NOG
mouse®, the first and most severely immuno-deficient model on the market.
Whether you require humanized mice, advanced strains for syngeneic modeling,
a full microbiome portfolio, or genetically humanized targets, Taconic has the
solutions and expertise to propel your research further.
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Figure 2: CRISPR-Cas9 3D structure from Streptococcus pyogenes

Nucleofection is a proven method for the delivery of genome editing substrates, including DNA,
mRNA and Cas9 RNPs, and Lonza offers a range
of technologies built around this approach. The
4D-Nucleofector™ System is a flexible, modular
system that allows for closed, scalable transfection
of larger cell numbers without the need to re-optimise protocols. The 96-well Shuttle add-on enables
medium-throughput with the system, and this can
be expanded to large-scale transfection using the
4D-Nucleofector™ LV Unit. Additionally, the 384well HT-Nucleofector™ Device is a stand-alone
system that offers extremely fast plate processing
times of just one minute. This high-throughput
solution delivers high performance and minimal
material consumption, with effective nucleofection of low cell numbers down to 20,000 cells and
even lower. The Nucleofector™ Devices range
offers a very scalable approach for gene editing,
allowing researchers to take their research in the
direction they choose.
Thermo Fisher Scientific is applying the power
of the CRISPR-Cas9 system to high-throughput
screening applications with the Invitrogen™
LentiArray™ CRISPR libraries. The range consists
of 17 gene set libraries, the complete druggable
genome, as well as the whole genome. Libraries
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can be purchased as single or multiple gene sets,
the whole genome, or fully-customised arrays.
Each library comes as 96-well plates containing
ready-to-use lentiviral particles, with up to four
gRNAs per gene target for efficient knockout.
Additionally, the Invitrogen™ TrueCut™ Cas9
Protein v2 has been designed to deliver consistently
high editing efficiency across a range of gene targets and cell types, including standard, immune,
primary and stem cells. The efficiency achieved
using this second-generation protein is among the
highest of commercially-available Cas9 nucleases.

The future of the field
While a small subset of diseases may be attributed
to a single genetic mutation, two decades of
genetic sequencing efforts suggest that they are
the low-hanging fruit. The majority of diseases
are multimodal, with multiple mutations in the
protein-coding or non-coding genome. To identify
the next generation of therapeutic targets, it
seems likely that a more systems-based approach
will be required.
“The rapid growth in genome sequencing and
human genome mapping is giving researchers a
much better idea of the ‘parts list’ for particular
cells,” says Chesnut. “As well as simply sequencing
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protein-coding genes, we’re beginning to understand the role of the non-coding genome and piecing together the profile of mutations associated
with particular disease states.”
More precise and efficient high-throughput gene
editing technologies are playing a key role in these
efforts, allowing researchers to knock out genes,
study broader mutation profiles and dig deeper
into the underlying biology. In the cancer field,
high-throughput gene editing tools and sequencing
technologies are generating a wealth of information that is enabling scientists to better understand
how biological pathways interact in the disease
state. Ultimately, this information may be used to
create more effective precision therapies.
“Increasingly, gene editing studies aren’t simply
focused on knocking out genes but are also looking
at mutation profiles.” Chesnut says, “I think we’ll
continue to see a shift to more elegant experiments
and to a more systems biology approach. As the
complexity of the questions increases, so too will
the data sets – so we’re going to need more powerful tools to be able to analyse that data using bioinformatics approaches.”
CRISPR-Cas9 has rapidly transformed the field
of gene editing, and recent advances in technology are set to open up an array of new opportunities in drug discovery. Its increased efficiency over
previous gene editing tools is helping to deliver
more translationally-relevant models and, combined with advances in high-throughput technology, it is enabling genomic screening on an
unprecedented scale. These developments could
help to accelerate the discovery of new disease
targets and speed up the development of safe and
effective medicines.
DDW
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Using social media to
track the hottest trends
from AACR 2018
By Helen Stewart-Miller, Director of PR Services and
Abby Edwards, Account Manager

T

he American Association for Cancer Research (AACR) annual meeting
will showcase the latest cancer and drug discovery research, alongside
a wide range of clinical and patient engagement areas. However, it can
be challenging to pinpoint the most important topics across such a busy and
broad meeting (more than 22,000 attendees are expected this year).
Social media is a great way to track trends and engage with scientific meetings, whether you are onsite or not: AACR is likely to be no different. As Rick
Buck, Senior Director of Communications and Public Relations for the AACR,
explains: “We have significantly increased our social media efforts to raise
awareness, share information and create dialogues about cancer research. We
will use a variety of social media platforms to share, discuss and learn about
the latest discoveries and breakthroughs at the meeting.”
For the 2018 meeting, the AACR will be active across Twitter (@AACR),
Facebook (www.facebook.com/aacr.org), LinkedIn (www.linkedin.com/company/american-association-for-cancer-research), Snapchat (“theaacr”) and –
for the first time – Instagram (@aacr_foundation). Videos will be streamed live
through Twitter’s Periscope app and Facebook Live; as an example, there is a
Facebook Live broadcast with AACR President Dr Michael Caligiuri at
1:30pm CDT on 17 April on the hot science coming out of the meeting.
Using hashtags is a good way to find and track key posts during or after any
meeting. Last year, 32,449 tweets featured #AACR17 and we can expect
#AACR18 to be just as popular!
Following a handful of people using a hashtag (eg those who are relevant to
your area of interest) can help to filter through all these posts. For AACR 2018,
Emil Lou from the University of Minnesota (@cancerassassin1), Zeynep
Madak-Erdogan from the University of Illinois (@zmadak), Alice Soragni from
UCLA (@soragnilab) and, of course, @DDWJournal represent a good place to
start.
Best of luck to the organisers for another successful AACR meeting!
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