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Drug Discovery

Over the last five years, pharma and 
biotech companies alike have spent a 
huge amount of energy and investment 

pivoting their pipelines to align with the seismic 
influence of CRISPR-based technologies. This dra-
matic shift is a testament to the tremendous influ-
ence of this transformative technology, from dis-
covery through to treatment. Early results are 
already starting to validate the wisdom of the 
CRISPR-rush and the pace of adaptation and 
development is likely to keep the fires burning for 
quite some time to come. 

Nevertheless, as we have learnt more about 
CRISPR and related gene editing technologies, 
there are already some overlapping and hard 
lessons from RNAi – success is possible, but the 
path from target discovery to the clinic is by no 
means straightforward. In this context, it is pru-
dent to start now to look beyond CRISPR – what 
is the most effective use of this technology, and 
how can we augment it where it is weak?  

Screening tools that have been deployed for loss-
of-function can already be adapted and repurposed 
to alternative perturbations, but even these tools 
cannot interrogate the subtle biological processes 
that can govern clinical response. Fortunately, new 
screening tools exist that can find both the targets 
and the mechanisms that modulate complex molec-

ular interactions. Here, I will discuss the changing 
drug discovery landscape and look towards a 
bright future of multi-modal screening and drug 
development.  

 
Target ID – lessons from RNAi 
Drug candidate attrition and late-phase failure 
remain a real and sustained challenge for the phar-
maceutical discovery efforts of the research com-
munity. To compound issues, the discovery of 
novel targets through traditional means has yielded 
a striking dependence on a tiny proportion of the 
genome for the development of new drug develop-
ment pipelines1. Only around 700 human 
biomolecules are as yet successfully targeted for 
therapeutic intervention, representing less than 1% 
of the proteome2, and still dominated by a core set 
of families in kinases, ion channels and GPCRs. 
There is a self-evident requirement to identify the 
most robust and rapid ways to determine suitable 
new target space and mechanisms of drugability 
across all human diseases. Ideally, such campaigns 
should be high-throughput and unbiased, sampling 
as much biological space as possible to maximise 
the diversity of pathways and biochemical architec-
ture under interrogation.  

Since the dawn of RNAi, functional genomics 
has become a central pivot for massive discovery 
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efforts in both basic biology and drug develop-
ment. This technology equilibrated mammalian 
research with the simple model organisms most 
commonly used for high-throughput genetic 
approaches, and human studies no longer had to 
rely on complex or intractable association studies. 
RNAi exploits innate anti-viral cellular pathways 
to selectively silence individual transcripts, and can 
be programmed by scientists to target specific 
mRNAs with systematic sequence-directed degra-
dation. This relatively simple tool was initially 
enabled by rapid and straightforward synthetic 
chemistry, but the automation required for large-
scale studies lagged behind and data quality from 
these studies varied3. Drug discovery teams needed 
a new way to use this tool, and to be able to 
explore genome-wide analysis with a much higher 
quality level. Deep sequencing innovations provid-
ed the route forward4. The drive to bring costs 
down in next generation sequencing meant that 
access to massively parallel DNA sequencing could 
be achieved for research in completely new areas. 
Researchers used pooled oligo synthesis to generate 
genome-wide libraries of RNAi targeting sequences 
and then extracted quantitative, phenotypic data 
from their experiments using next-generation 
sequencing approaches5,6 (Figure 1). 

Now biologists were free to explore cell systems 
with genome-wide loss-of-function tools. This 
spectacular advance was pursued with feverish 
enthusiasm, and vast resources were poured into 
RNAi-based pooled screening in both academia 
and industry alike. Drug discovery groups in bio-
pharma started to base their target discovery 
efforts on this tool to try to fill their pipelines. A 
large-scale, pan-cancer cell panel screening cam-
paign was initiated by multiple groups7,8. 
Committees were established to harmonise data 
analysis approaches, and carefully optimised tar-
geting sequences and custom algorithms were 
developed to predict on- and off-target effects.  

Over the course of the 10 years since, hundreds 
of screens have been conducted in a huge diversity 
of disease systems, but perhaps the only clear con-
clusion from all of this effort was that neither the 
penetrance nor the precision of the tool was suffi-
cient to generate clean data for robust target ID 9. 
The drug discovery industry could not rely on the 
data from these screens, and enthusiasm waned 
dramatically. Through necessity, the field moved to 
ultra-complexity – driving the number of replicates 
and shRNA hairpin number to the maximum the 
technology could cope with. This provided more 
promising results10,11, but it was clear that 
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Figure 1: Pooled screening technologies and the practical steps for target ID with these approaches
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Figure 2 
PROTEINi uses a massively 

diverse collection of 3D 
shapes, programmed by DNA-
encodable peptide fragments. 
These tools are used in a live 

cell, physiological disease 
model to identify novel targets 

and mechanisms to treat 
disease

improved technologies would be needed to realise 
the full potential of pooled screening approaches. 

 
Pooled screening with CRISPR –  
a step in the right direction 
The discovery of the CRISPR-associated enzymes, 
an RNA-guided gene-editing tool, has been noth-
ing short of revolutionary for biologists, and may 
yet yield a similar impact as a therapeutic in its 
own right12. In the case of target ID, it has repre-
sented a very clear increment in quality from the 
extant RNAi tools. CRISPR uses a programmable 
nucleic acid sequence to direct a large bi-nuclease 
to a specific locus. CRISPR now comes in a wide 
variety of adapted versions13, but in its most com-
monly-used form it is able to ablate gene expres-
sion completely from the targeted genomic locus14.  

The most immediate opportunities for drug dis-
covery researchers and for target ID required the 
adaptation of the technology to genome-wide 
screening. This owes a substantial debt to RNAi, 
where the tools were rapidly and directly translated 
to generate a pooled CRISPR-based screening 
approach. In principle, the suitability of a CRISPR 
mechanism of perturbation to pooled screening is 
much greater than for RNAi, owing to the likeli-
hood for clustering of effect sizes and response. 
This means that each time you target a gene with an 
sgRNA, the same phenotypic response should be 
elicited, rather than for shRNA where silencing effi-
ciencies represent a broad distribution of effects13. 
This has technical advantages for the detection and 
statistical significance of the measurement, and cou-
pling this feature to high effect rate through genetic 
ablation provides an excellent window for observ-
ing meaningful phenotypic effects.  

With technologies as dramatically impactful as 
CRISPR, it is easy to get lost in the vast potential 
and lose sight of the pragmatic requirement to 
carefully evaluate the appropriate application. 
There are undoubtedly some truly exciting out-
comes to arise from use of this tool in understand-
ing biological mechanisms, and in medicine, but is 
it a panacea for target ID?  

The system is not perfect and even in parallel 
studies of response from two ostensibly identical 
screening analyses, hit overlap is restricted to a 
few top genes and relative ranking is often incom-
plete between studies15,16. This can likely be 
attributed to modest differences in the approaches 
used and the libraries of guide RNAs in the study, 
and of greater importance is an evaluation of the 
tool’s ability to discover novel targets. The emerg-
ing evidence is of a higher than expected false 
negative rate. In a systematic analysis of recent 
large-scale cell panel screening with CRISPR 
knock-out, it was estimated that up to half of all 
constitutively expressed genes have never yielded 
a phenotype in any screening campaign17. This 
phenomenon is likely explained by the high level 
of complexity and redundancy in the human 
genome, resulting in functional buffering which 
masks the effect of individual genetic perturba-
tions. For drug discoverers, this is a vital lesson – 
when using a single screening tool to populate 
novel target pipelines, careful experimental vali-
dation is necessary when interpreting hits arising 
from campaigns.  

Gene knock-out yields a theoretical maximum 
effect size for the loss of target function. This fea-
ture is both the technical strength and simultane-
ous weakness for target ID in drug discovery. 
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How many drugs will be able to recapitulate this 
hypomorphic effect size? It is rare that 100% 
loss-of-function can be achieved by a small 
molecule inhibitor, and knock-out screening may 
result in a pool of unactionable targets for drug 
development. One promising way around this is 
to conduct parallel silencing and gene editing-
based screening to skew the hit nomination in 
favour of those targets which are robustly discov-
ered even with modest penetrance of perturba-
tion18. These studies and others19,20 offer the 
first glimpses of multi-modal screening and pre-
sent the beginnings of a new strategy for target 
ID. Perturbation-based approaches are necessari-
ly tied to the relatively simplistic, binary interro-
gation of function and do not directly allow the 
analysis of the more complex biological interac-
tions. Thus, while loss-of-function tools provide 
powerful mechanisms to identify biological 
response pathways, they are not always well suit-
ed to discovering novel druggable modules.  

 
Future target discovery now 
New screening mechanisms are being developed all 
the time, and many of these are positioned to sub-
stantially augment the current commonly-used 
tools. One very promising approach is to adapt the 
existing high-throughput screening infrastructure 
to more directly explore the drug-like space. DNA-
encoded libraries of small molecules using a 
sequencing-based readout and phage-display can 
provide analysis of many millions of fragments, 
but neither of these are currently compatible with 
live-cell mammalian screening systems, which is 
crucial for concise conversion of discoveries into 
drugs.  

 
New screening approaches 
The tools used for shRNA and CRISPR-based 
pooled screening have been adapted by PhoreMost 
to study peptidyl drug-mimetics in live cells and at 
vast scale (Figure 2). This innovative approach 
overcomes some of the challenges faced by pertur-
bation-based screening, and by maximising the 
capacity of the pooled screening apparatus, a mas-
sive exploration of potential drug space can be 
accessed.  

The fully programmable PROTEINi® (Protein 
interference) approach opens up the opportunity 
to explore target response and discovery by direct-
ly interrogating target engagement in an unbiased 
screen. This is a crucial differentiator to straight-
forward perturbation analysis, as it allows not 
only the examination of loss-of-function, but also 
the ability to more intricately survey the nuances of www.chemspeceurope.com
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biological activity that modulate regulatory path-
ways. This is a space not captured by other tech-
nologies used for drug target discovery and is a 
major mechanism for developing new therapeutics 
that can tackle otherwise undruggable diseases.  

PROTEINi screening is therefore positioned to 
substantially amplify the existing target ID space, 
and it might also be able to rescue orphaned hits 
from orthologous screening tools. To this end, an 
important feature of perturbation-based screening 
campaigns is the discovery of highly significant hits 
which fall into a traditionally undruggable classifi-
cation. Often these hits are simply ignored by 
researchers as they do not have obvious routes to 
drug development, in favour of hits in known path-
ways, but this response defeats the purpose of con-
ducting the screen in the first place. Using pro-
grammable, high shape-diversity focused screens 
against these targets with tools such as PROTEINi 
could unlock functional mechanistic sites or cryptic 
druggable pockets in those targets, providing a new 
and direct route to drug development (Figure 3). 

 
Data mining and AI 
Additional tools for new target discovery include 
new collaborative assimilation models and these 
hold great promise for new target ID. The Open 
Targets initiative is an example of a new wave of 
platforms from which valuable data can be 
mined21. The contributors to the tool, which 
include academics as well as industry teams, pool 
their data and a custom set of algorithms and anal-
yses is conducted to build target-disease associa-
tions from publicly-available information. As with 
any omics-like tool, it is subject to the quality of 
the information on the input side, but does repre-
sent a more co-operative future for drug target ID.  

Open resource tools can also prove useful for 
machine learning and AI outcomes, and there has 
been an explosion of companies founded on this 
approach in the last five years. It is yet to be deter-
mined what the AI gold rush will ultimately con-
tribute, but the first reports of AI-designed drugs 
are beginning to emerge. For the purposes of target 
discovery, AI is currently acutely dependent on 
largely public in vitro datasets for training, and 
similar in vivo response and toxicity data is simply 
not available at the scale required. Thus, it is not 
clear yet how easily AI discovery mechanisms will 
translate their outputs into clinical efficacy. Its con-
tribution to our understanding of protein interac-
tions and dynamics might be more tractable, as the 
in vitro datasets needed to feed the computation 
are already in existence at the scale and detail 
required. 

Cell models and phenotypic measurements 
In vitro screening tools for target ID require robust 
model systems within which to operate, and 
screeners have to determine whether a simple cell 
line-based approach is adequate or if a more com-
plex physiological model is required. In the case of 
cancer target discovery, a wealth of cell panels are 
available, and while appealing due to their accessi-
bility, in many cases these systems provide more 
noise than desired. Conflating mutations, complex 
genomic and epigenomic landscapes within each 
tissue and cell model can cause substantial barriers 
to hit quality. Isogenic systems offer a cleaner 
background for screening, but recapitulating dis-
coveries from these backgrounds into patient mod-
els can be challenging. Screening, therefore, often 
needs to be conducted in multiple cell backgrounds 
simultaneously to provide sufficiently translatable 
hit discovery.  

Outside of oncology there is a major require-
ment for screen-ready physiological cell models, 
and these are now starting to become available at 
the scale needed for unbiased target ID. The innate 
malleability of induced pluripotent stem cell (iPSC) 
systems, and improvements in their biomanufac-
turer, is a valuable new development. However, it 
is possible that realisation of the new discovery 
potential of these cell systems will require more 
complex phenotypic analysis of perturbation 
response. Here, single cell analysis can provide a 
crucial additional degree of resolution, where cou-
pling ultra-rich data to target ID screening is 
already possible in some forms, albeit at a smaller 
scale than ideally required22-24.  

 
Outlook: multimodal screening  
to drug the undruggable 
With all of these new platforms and tools avail-
able, how does one plot a path from target ID 
screen to new medicines available in the clinic? It is 
increasingly clear that each tool, from AI to 
PROTEINi through CRISPR, has selective advan-
tages and predispositions to discovery in different 
spaces. Thus, the most promising routes to drug 
target development are likely to be through a com-
bined and pragmatic application of each in accor-
dance with their respective merits.  

In this pluralistic model of multimodal screen-
ing, it is particularly important not to overlook one 
of the hallmarks of target progression: druggabili-
ty. This feature of new targets has historically been 
a major criterion with which to judge and priori-
tise key hits arising from target ID campaigns, 
resulting in the loss of potentially invaluable, but 
seemingly intractable, targets. Drug-mimetic 
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screening, such as with PROTEINi, provides a 
potentially direct route to capture targets which 
are necessarily pre-selected for ligandability, 
decreasing the time spent on otherwise orphaned 
targets and expanding the target space available. 

Other tools are also providing new mechanisms 
for drug development which can influence the tra-
ditional target ID rules. Adaptation of the ubiquitin 
proteasome system for target degradation allows 
drug developers to unlock targets that might other-
wise have been considered undruggable, while ther-
apeutic gene editing approaches are also starting to 
show promise. These developments are important 
since they lower the barriers in the traditional crite-
ria for drug target progression and allow the target 
ID activity to be conducted in an unconstrained 
manner, bringing better targets to market faster. 
The route for pharmaceutical and biotech compa-
nies to populating their target pipelines is inextrica-
bly linked to their ability to conduct innovative tar-
get ID screening. What comes after CRISPR? A 
multitude of tools used in parallel, to properly cap-
ture the total target space.                             DDW 
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Figure 3: Maximising the value of perturbation-derived target discovery campaigns, such as with CRISPR or GWAS 
data. Many screens yield targets which cannot be drugged by traditional approaches. New technologies such as  
DNA-encoded libraries, AI and PROTEINi could be used to rescue the best hits by designing or deriving new drugs 
against the hits


