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Cancer is a genetic disease. Over time, 
somatic mutations accumulate and drive 
the proliferation of tumor cells. Knowledge 
of that process has spurred systematic 

efforts to identify genes essential to the survival 
of different cancer cells. However, the essential 
genes change when cancer cells encounter different 
conditions, creating a need for ways to simulate the 
selection pressures faced by tumors in the human 
body and when exposed to therapeutics. CRISPR 
library screen addresses the need.

The variability of identities of the genes that are 
essential to tumors has become clear as researchers 
grow cancer cells under different conditions. Growing 
cancer cells as 3D spheres in vitro will yield one set 
of essential genes. A different set of essential genes 
emerge if the cells are grown as 2D cultures in petri 
dishes. In addition, researchers have shown that co-
culturing cancer cells with therapeutic compounds or 

cytotoxic T cells changes the list of essential genes, 
as does implanting the cells into immune-deficient 
or immune-competent animals.

That body of work is testament to the influence 
of selection pressures on cancer cells. Importantly, 
the work shows that selection pressures affect 
the vulnerability of cancer cells to medicines. By 
understanding the effects of selection pressures, 
researchers can identify new, more precise ways to 
kill cancer cells and counter mechanisms they use to 
resist attacks by existing drugs. CRISPR library screen 
supports that work. 

Why Use CRISPR Screen
The application of CRISPR/Cas9 guide RNA libraries 
addresses some of the big challenges and 
opportunities in cancer drug development. For 
example, tumors eventually develop resistance 
to existing targeted therapies, causing patients to 

CRISPR Library Screen: A Powerful Tool 
For Identifying Novel Tumor Targets
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relapse and suffer negative health outcomes. CRISPR 
library screening can elucidate the mechanisms that 
underpin developed resistance. 

Researchers now have exploited the power 
of CRISPR libraries to interrogate mechanisms 
of drug resistance. In one project, researchers 
introduced a genome-wide CRISPR library to a 
pomalidomide-sensitive multiple myeloma cell line 
in vitro. Multiple myeloma cells were collected after 
exposure to pomalidomide at EC90 and analyzed 
using next-generation sequencing (NGS) to enable 
the identification of the underlying drug-resistance 
mechanism.

This study advanced our understanding of the big 
barrier to good long-term outcomes in patients with 
multiple myeloma. Most newly diagnosed multiple 
myeloma patients respond to pomalidomide and 
other immunomodulatory drugs initially but later 
develop resistance and relapse. The CRISPR study 
identified genes that affect cereblon, the primary 
target of pomalidomide, and in doing so opened up 
avenues of research that could prevent resistance 
and relapses.  

Other times, drugs are less effective than expected 
in some patients, creating a need for biomarkers 
that enable the identification of likely responders. 
Researchers may also want to identify synthetic lethal 
targets that support combination therapy. The same 
CRISPR workflow supports both needs. 

The goal in this workflow is to use CRISPR libraries 
to identify sensitizing mutations. For example, 
researchers have introduced a whole genome 
knockout library into a pancreatic cancer cell line with 
little sensitivity to a cell cycle checkpoint inhibitor 
in vitro. After treating them with the inhibitor at 
EC20, the cells were harvested at two different time 
points. Comparing the enrichment and depletion 
of guide RNAs in drug-treated and drug-naive cells 
uncovered 17 synthetic lethal hits that regulate cell 
cycle progression, particularly cytokinesis, and heme 
biosynthesis.

Identifying the synthetic lethal targets pointed to 
new ways to treat pancreatic cancer patients who 
are resistant to the cell cycle checkpoint inhibitor. 
The work also reinforced the role of the compound 
in the targeting of the cell cycle checkpoint. 

That is just one of the many ways in which CRISPR 
library screen can improve understanding of cancer 
biology. The in vivo use of customized CRISPR/
Cas9 libraries opens up further opportunities to 
understand cancer immunology. As cancer cells try 
to establish primary and secondary tumor sites, 
they accumulate genetic instability and somatic 
mutations to avoid being eliminated by the host 
immune system. CRISPR libraries enable researchers 
to identify regulators of T-cell immunity. 

Whole genome libraries cannot be used for in vivo 
screening as there needs to be at least 500 times 
coverage of each guide in the initially seeded cells. 
That requirement necessitates the generation of 
customized CRISPR libraries with selected genes.

Research groups that can generate such customized 
CRISPR libraries can identify genes that sensitize 
tumors to drugs in vivo. In one project, researchers 
built a library with 2,000 guide RNA targeting 300 
genes. The researchers then introduced the library 
to a mouse cancer cell line, implanted the cells into 
immune-competent mice and treated the mice with 
mouse PD-1 antibodies.  

The implanted cells took hold and grew into tumors. 
Before the tumor volumes reached 1000 mm3, 
the researchers harvested cancer cells from them. 
NGS analysis of the harvested tumor cells enabled 
the researchers to look at changes in guide RNA 
abundance, revealing depletions and enrichments. 
Notably, NGS linked loss of function of some genes to 
the sensitivity of tumors to PD-1 antibodies, thereby 
revealing a way to bring the power of checkpoint 
inhibitors to more patients. The use of in vivo 
competition assays validated the hits identified by 
the CRISPR screen workflow.

How To Run CRISPR Screen
The ability of CRISPR screen to identify synthetic 
lethal genes, drivers of drug resistance and other 
targets makes the technology a key component 
of the oncology R&D toolkit. However, specialized 
capabilities and extensive experience are needed to 
get the most out of the approach. In vitro and in vivo 
CRISPR screen workflows are made up of a series of 
distinct steps, each of which must be designed and 
executed correctly to generate insights into cancer 
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biology. 
Library design is the bedrock 

of successful projects. That 
cr it ical  step entai ls  the 
selection of guides that are 
likely to perform best. The 
variation in performance 
means research laboratories 
that can draw on extensive 
experience of CRISPR screen 
when making decisions are 
most likely to select the optimal 
guides for a particular project. 
A similar depth of experience 
and expertise is needed to 
carry out library synthesis, 
bench execution and NGS 
data analysis effectively. 

WuXi  AppTec has the 
required depth of experience 
and expertise. The leading 
service provider has built a 
dedicated CRISPR team of 
more than 50 PhD and MS 
scientists that has performed 
hundreds of CRISPR library screens.

The value of WuXi AppTec’s experience is illustrated 
by its approach to the selection of guides for 
customized libraries. WuXi AppTec selects guides 
based on a public database and through the use of 
algorithms created by organizations including the 
Broad Institute. While those resources are publicly 
available, the expertise WuXi AppTec brings to bear 
on them is a rare commodity. Having carried out 

hundreds of CRISPR screens, 
WuXi AppTec’s scientists 
have extensive first-hand 
experience of how guides 
perform in practice. The 
experience informs the 
selection of the optimal guides 
for a particular custom library. 

WuXi AppTec’s work with 
CRISPR has taught the value 
of always including control 
guides and non-essential 
genes as a negative control 
for the analysis of final hits. 
When possible, WuXi AppTec 
also includes a posit ive 
control, such as a gene that 
is known to be involved in 
the process being studied. 
The consistent inclusion of 
negative and positive controls 
is underpinned by WuXi 
AppTec’s experience of their 
value in the identification of 
the best hits. 

The commitment to the continuous improvement 
that defines WuXi AppTec’s approach to library design 
is replicated across the rest of the CRISPR screen 
workflow, from synthesis to NGS data analysis. By 
pairing those continually improving capabilities to 
its established expertise in target validation, WuXi 
AppTec is helping biopharma companies identify and 
realize opportunities to develop cancer treatments 
that address unmet medical needs.

“WuXi AppTec has 
the required depth 
of experience and 

expertise. The leading 
service provider has built 
a dedicated CRISPR team 
of more than 50 PhD and 

MS scientists that has 
performed hundreds of 
CRISPR library screens.”
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WuXi AppTec provides a broad portfolio of R&D and manufacturing services that enable 
companies in the pharmaceutical, biotech and medical device industries worldwide to 
advance discoveries and deliver groundbreaking treatments to patients. 

As an innovation-driven and customer-focused company, WuXi AppTec helps our partners 
improve the productivity of advancing healthcare products through cost-effective and 
efficient solutions. 

With industry-leading capabilities such as R&D and manufacturing for small molecule 
drugs, cell and gene therapies, and testing for medical devices, WuXi AppTec’s open-access 
platform is enabling more than 4,100 collaborators from over 30 countries to improve the 
health of those in need – and to realize our vision that “every drug can be made and every 
disease can be treated.”
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WuXi AppTec Research Service Division

North America: Declan Ryan | declan.ryan@wuxiapptec.com
Europe and Israel: Dave Madge | dave_madge@wuxiapptec.com
China: Marcher Xu | xu_longji@wuxiapptec.com

For more information, please visit: https://www.wuxiapptec.com/
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