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Abstract

The RAS genes are critical oncogenic drivers activated by point mutation in some 20% of human 

malignancies. However, no pharmacological approaches to targeting RAS proteins directly have 

yet succeeded, leading to suggestions that these proteins may be “undruggable.” This has led to 

two alternative indirect approaches to targeting RAS function in cancer. One has been to target 

RAS signaling pathways downstream at tractable enzymes such as kinases, particularly in 

combination. The other, which is the focus of this review, has been to seek targets that are 

essential in cells bearing an activated RAS oncogene, but not those without. This synthetic lethal 

approach, while rooted in ideas from invertebrate genetics, has been inspired most strongly by the 

successful use of PARP inhibitors, such as olaparib, in the clinic to treat BRCA defective cancers. 

Several large-scale screens have been carried out using RNA interference-mediated expression 

silencing to find genes that are uniquely essential to RAS mutant but not wild type cells. These 

screens have been notable for the low degree of overlap between their results, with the possible 

exception of proteasome components, and have yet to lead to successful new clinical approaches 

to the treatment of RAS mutant cancers. Possible reasons for these disappointing results are 

discussed here, along with a re-evaluation of the approaches taken. Based on experience to date, 

RAS synthetic lethality has so far fallen some way short of its original promise and remains 

unproven as an approach to finding effective new ways of tackling RAS mutant cancers.

Introduction

Members of the RAS family of oncogenes, the closely related KRAS, NRAS and HRAS genes, 

are the most frequently activated drivers of human cancer (1). They were originally 

identified as retroviral oncogenes some fifty years ago and HRAS was the first identified 

human oncogene some thirty years ago (2). Extensive sequencing of human tumours has 

shown that KRAS is the most frequently mutated dominant oncogenic driver in human 

cancer, with activating mutations in one or other RAS family member being found in about 

20% of human tumours (1, 2). Despite the very long history of study of RAS protein 

function, attempts to directly inhibit its biological activity have proved very challenging, 
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leading to the perception that RAS proteins are “undruggable” (3). Using farnesyl 

transferase inhibitors to block the post-translational isoprenylation of RAS proteins, which is 

essential for their function, proved ineffective in clinical trials due to both alternative 

processing enzymes and a lack of specificity for RAS (4). Direct targeting of the guanine 

nucleotide binding site in RAS, which regulates its conformation and interaction with 

downstream effector enzymes, has proved intractable due in part to the very high affinity of 

RAS for GTP (5). On a more positive note, recently a number of labs have made some 

advances in identifying compounds that interact directly with RAS and, in some cases, 

perturb its ability to bind and activate downstream effectors (6-8). However, these 

compounds are still a very long way from being effective drugs in the clinic.

As a result of the difficulties of targeting RAS proteins directly, much attention has focused 

on alternative ways of selectively inhibiting RAS mutant cells by blocking the activity of 

enzymes in pathways controlled by RAS for which good inhibitors exist (9, 10). On the RAF 

pathway, one of the direct effector families of RAS, these include RAF, MEK and ERK 

protein kinases. On the PI 3-kinase pathway, another direct effector of RAS, these include PI 

3-kinase, AKT and mTOR. Large numbers of clinical trials have been undertaken with drugs 

against these targets, in many cases used in combinations targeting both RAF and PI 3-

kinase arms downstream of RAS (11). Although the results of most of these trials have yet 

to be reported, there is a concern that the toxicity of these combinations is likely to be 

problematic. To date, the only targeted therapy that has been proven to be effective on 

KRAS mutant cancer in clinical trials has been the use of a MEK inhibitor, selumetinib, in 

combination with a cytotoxic agent, docetaxel, in a phase II trial that demonstrated benefit in 

KRAS mutant non-small cell lung cancer in terms of progression-free survival only but not 

overall survival (12). Furthermore, single agent MEK inhibitor MEK162/binimetinib has 

proven effective against NRAS mutant melanoma in a phase II clinical trial (13).

While there will likely be future improvements in our ability to target RAS protein function 

directly and also indirectly through inhibition of downstream effector enzymes, with the 

exception of the direct targeting of specific mutant forms of RAS it is possible that it will be 

hard to achieve a good therapeutic index in many cases, as RAS signaling pathways are 

essential for normal development and homeostasis (14). This has led to interest in 

attempting to find “synthetic lethal” interactions between the expression of activated mutant 

RAS oncogenes and loss of expression of other genes to which the cancer cells have acquired 

dependence, but upon which normal cells are less dependent.

Synthetic Lethality

The concept of synthetic lethality was first described nearly a century ago by Calvin Bridges 

following the observation in fruit flies that two mutations could lack a phenotype 

individually but be lethal when combined in a single organism (15, 16) (see Fig. 1). At its 

simplest, two alternative pathways acting in parallel to carry out an essential function may 

each be quite dispensable, but loss of both pathways would have a lethal effect. In other 

cases, loss of one gene may have the potential to cause a damaging phenotype but the 

system compensates through genetic buffering to render the organism healthy, but now 

dependent on a second gene. Synthetic lethality was recognised as having considerable 
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potential as an approach to targeting cancer cells, especially as loss of function of tumour 

suppressor genes is very common in cancer (17, 18). Still much the most impressive 

application of the concept of synthetic lethality to cancer therapeutics came from the 

observation by the labs of Ashworth (19) and of Helleday (20) that the deficiency in the 

BRCA1 or BRCA2 tumour suppressor genes, which are required for homologous 

recombination, in a subset of cancers led to them becoming dependent on Poly(ADP-ribose) 

polymerase (PARP1) mediated DNA repair. PARP inhibitors have made slow progress in 

clinical trials over the past several years, but have finally been shown to have real value in 

the treatment of BRCA defective cancer and are proceeding to clinical approval (21).

While the synthetic lethal interaction between BRCA defects and PARP inhibition was 

predicted from mechanistic knowledge of their roles in DNA repair, the availability of large-

scale RNA interference libraries from about 2003 onwards allowed unbiased genome-wide 

screening for second genetic hits that would combine with loss of a tumour suppressor gene 

to cause synthetic lethality in tumour cells. Not only could this be applied to cancer cells 

lacking a functional tumour suppressor gene; it could equally be extended to cancer cells 

bearing an activating mutation in an oncogene, for example KRAS. The mechanistic 

underpinning for the existence of such genetic interactions, refinements of which have also 

been described as “induced essentiality” and “acquired dependency” (22), has remained 

somewhat vague, but the hope has been that the power of high throughput, large-scale 

functional genomics would be able to uncover novel proteins and pathways that are uniquely 

required by cells expressing activated mutant RAS proteins.

Possible hits that might be expected to emerge from a mutant KRAS synthetic lethal screen 

could fall into a number of categories. One might be genes involved in dealing with stresses 

resulting from the process of oncogenic transformation. It has long been recognised that 

oncogene signaling in cancer cells can result in elevated stresses resulting from deregulated 

DNA replication, redox balance, metabolic regulation, protein synthesis and other key 

cellular processes. The stress handling mechanisms that protect cells from these insults act 

orthogonally to the oncogene signaling pathways, not being controlled by them, and 

increased reliance on these protective systems is likely to be selected for during the micro-

evolution of the tumour in vivo. These pathways are not oncogenic in themselves, but the 

tumour cells can become more dependent on them than their normal counterparts in a 

process referred to as “non-oncogene addiction” (23). As part of the process of 

transformation, cancer cells acquire a number of novel behaviours, the “hallmarks of 

cancer” (24), which also include a wider range of modifications beyond stress management 

that are needed for malignant growth, such as alterations in metabolic flux to support 

increased cell proliferation (25). Potentially any of these might emerge from mutant KRAS 

synthetic lethal screens.

As well as non-oncogene addiction hits, screens set up to look for unique dependencies of 

mutant KRAS expressing cancer cells could also yield components of signaling pathways 

acting downstream of RAS in cells that require continued oncogene function, as is the case 

for the vast majority of KRAS mutant cancer cells. Such genes would be considered to be 

“oncogene addiction” hits (26). As these targets lie on the same pathway as RAS, they are 

not usually thought of as synthetic lethal, although they clearly can show great potential for 
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targeting RAS mutant cancers - the RAF/MEK/ERK pathway down to CDK4 has been the 

most studied in this regard, with a considerable body of mouse model work (27-29) and drug 

studies (see below) supporting the value of this approach.

As well as genetic screens, the concept of synthetic lethality could be extended to include 

drug library screens in which interactions between the mutant oncogene and a specific drug 

capable of inhibiting a protein or pathway are sought (17). Large scale screening of drugs of 

known mechanism of action against cell lines panels with known mutational status has been 

carried out by two consortia (30, 31), but has only strongly implicated inhibition of 

pathways downstream of RAS, particularly MEK, as showing enhanced ability to inhibit 

RAS mutant cells, and to some extent also the IGF-1 receptor acting via PI 3-kinase (32, 

33). These targets are part of an oncogenic signaling network and would not be considered 

synthetic lethal by most definitions, although ultimately this is a semantic issue. It should be 

noted that drug induced inhibition of enzymatic activity can be functionally quite distinct 

from loss of expression of a protein, and drugs are likely also to be better at inhibiting 

multiple related isoforms, so drug screens may be expected to give significantly different 

insights to functional genomic screens. Due to space constraints, I will not review drug 

screens for KRAS mutant cell selective compounds further here, but refer to other recent 

reviews (5, 34, 35).

One final point about theoretical limitations of loss of function based synthetic lethal screens 

is that they would not be able to pick up proteins whose expression is suppressed by RAS 

signaling, and whose loss of function is required for the transformation process. A recent 

example of this is TET1, which inhibits DNA methylation resulting in expression of tumour 

suppressor genes and prevention of transformation, but whose expression is suppressed by 

mutant KRAS (36). While this would not make a potential cancer therapeutic drug target, 

knowledge of its identity informs about other potential targets, such as certain DNA 

methyltransferases.

Synthetic Lethal Screening Methodology: A Work in Progress

More than ten mutant RAS synthetic lethal genetic screens have been published over the past 

eight years. These have employed a number of different methodologies and reagents. Two 

major themes to emerge have been the use of isogenic cell lines and the use of cancer cell 

line panels with differing KRAS mutation status. In the isogenic approach, pairs of cell lines 

are used for screening that are close to identical, with the exception of the presence or 

absence of the mutant KRAS oncogene. This can be achieved either by deleting the mutant 

KRAS allele from cancer cells in which it is naturally occurring, as with the very widely used 

HCT-116 colon cancer cells and their KRAS deleted derivatives (37), or by adding a mutant 

KRAS gene to immortalised cells resulting in their transformation (38).

A number of problems are inherent in the isogenic approach that have never been adequately 

resolved. In the case of removal of an endogenous mutant KRAS allele from a tumour cell 

line, a major concern is that these cells are at least to some degree KRAS oncogene addicted 

(39), so cells emerging from the mutant KRAS deletion event will be heavily selected for 

secondary events that promote their survival. The isogenic pair of cell lines may thus be far 
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less closely matched than initially supposed. Recently it has been shown that upregulation of 

YAP1 function can relieve KRAS oncogene addiction, and it is likely that KRAS deletion 

from HCT-116 or DLD1 colon cancer cells will have subjected them to such a selective 

event (40, 41).

In the case of addition of mutant KRAS to cells that are immortalised but not transformed, 

the resulting cells have undergone transformation in vitro without many of the selective 

pressures experienced by a tumour cell in vivo, and thus may have a phenotype that is 

significantly different to that of a cell in a naturally arising tumour. Key vulnerabilities may 

be lacking in these in vitro created human cancer cells, as can be demonstrated by the fact 

that they generally lack true addiction to the inserted driver oncogene. Most transformed 

cells created by addition of defined oncogenes, together with tumour suppressor gene loss of 

function, exhibit considerable overexpression of the oncogene. However, when oncogenic 

mutations in KRAS and RAS pathway genes are knocked in to, rather than over-expressed 

in, normal immortalised human cells, it is notable that these do not necessarily lead to 

acquisition of a transformed phenotype, even when occurring in combinations, pointing to 

further limitations of the isogenic approach (42). This result, in which activating KRAS 

mutations knocked into HME-1 immortalized human breast epithelial cells failed to cause 

transformation, is also supported by older in vivo observations that chronic low-level mutant 

KRAS expression results in tumour formation, but only after the spontaneous upregulation 

of mutant KRAS expression, along with override of senescence checkpoints (43).

An alternative KRAS synthetic lethal screening approach has been to use panels of cancer 

cell lines that differ in their KRAS mutation status and to seek genes whose targeting 

selectively kills KRAS mutant, but not wild type, cell lines. A difficulty with this approach is 

the huge genetic complexity of most human cancer cell lines, which means that any such 

analysis is done against the background of large numbers of other mutations, several of 

which may be of considerable significance to the screen output. As well as mutations 

affecting other signaling pathways that may influence response to inhibition of expression of 

a given gene, cells that are wild type for KRAS may also have an activated RAS phenotype 

due to mutations elsewhere in the pathway. While obviously problematic mutations can be 

avoided in the cell lines chosen (e.g. avoiding the use of EGFR mutant cells due to the 

partial overlap of EGFR and KRAS signaling), it is still necessary to use large numbers of 

cell lines to overcome noise generated by individual mutations (44). Concentrating on 

specific tissue types is also likely to help allow a clearer picture to emerge without the need 

for excessively large cell panels, but it is still likely that reliable results from such panels 

will require the screening of significant numbers of lines.

In addition to the choice of cell lines to be used in the screen, different methodologies for 

knock down of gene expression can also be used. Several large libraries of lentiviral or 

retroviral short hairpin RNA constructs targeting every human and mouse gene have been 

created and made widely available to the research community (45, 46). These can be used 

either in a high throughput, one gene or one hairpin at a time format, or can be used in 

pooled selection screens with the readout of library composition before and after selection 

being through microarray hybridisation or next generation sequencing analysis of hairpin or 

barcode sequence representation (47). shRNA driven knock down of gene expression can 
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occur stably and allows the selection or measurement of phenotypes over time frames of 

weeks, which can be useful for more complex assays. By contrast, synthetic short interfering 

double stranded RNA molecules can also be used, giving rise to acute but transient gene 

expression knock down and restricted to a one gene at a time format.

Both RNA interference based screening technologies - siRNA and shRNA based - have been 

dogged by problems with off target effects (48-50). This has led to the need for prolonged 

validation of hits from KRAS synthetic lethal RNAi screens in order to eliminate false 

positive artefacts due to off target knock down of expression of other genes. In most cases 

this has been most convincing when carried out by methodologies other than RNAi itself. 

While awareness of the problems of off-target effects in RNA interference screens is much 

greater than in the past, this remains a major technical limitation of the methodology. 

Resolution of this will likely require the design of greatly improved RNAi libraries, using 

sequences with less off target activity and greater potency (51) and using greater fold 

redundancy so each gene is targeted by far greater numbers of sequences (52).

A consistent frustration experienced in the validation of hits from RNAi screens has been 

the technical difficulty of carrying out “rescue experiments”, in which the targeted gene is 

re-expressed from an exogenous construct with silent mutations that render the mRNA 

resistant to the RNAi agents. This has been thought of as the gold standard for the proof of 

validity of an RNA interference hit, but it is technically demanding and requires 

considerable attention to be paid to the level of expression of the rescued gene. In many 

cases massive over-expression of the gene in question results and may not adequately model 

the physiological function of the endogenous protein. More modest expression is preferable, 

which is probably best achieved through the use of bacterial artificial chromosome 

constructs (53). For most of the RAS synthetic lethal screens published, hits have not been 

validated by rescue experiments.

Another significant shortcoming of the RNAi screening technology has been the high level 

of false negatives due to low potency of knock down, especially by shRNA vectors. 

Improved library design may counter this to some extent, but the biggest improvement is 

likely to come from the comprehensive validation of library components, ensuring that every 

shRNA or siRNA was truly capable of knocking down its target (54). However, false 

negatives due to functional redundancy between closely related isoforms of proteins will 

remain a problem.

As an alternative to RNA interference, whose limitations as an analytical tool have become 

very well understood over the past decade, other more recently developed methods of 

interfering with gene expression can be used, such as CRISPR/Cas9 genome engineering 

libraries (55, 56). An appealing aspect of the use of CRISPR/Cas9 is that it is the DNA 

rather than the mRNA that is targeted, so loss of gene expression tends to be more complete, 

although theoretically it is possible that not all alleles of a gene in a cell are knocked out, 

which could be a more significant possibility in aneuploid cancer cells. By contrast, RNA 

interference never provides complete knockout of gene expression, but rather gives 

hypomorphic effects. A huge amount of the time spent validating RNA interference screen 

results has gone on matching up efficiency of knockdown by various si/shRNA sequences 
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with magnitude of phenotypic effect, and in reality these never align perfectly. While 

CRISPR/Cas9 library screening appears very appealing at present, off target effects can 

clearly still occur with this methodology, although they appear to be less marked and 

methodological developments hold out the possibility of reducing them further (57). Other 

gene targeting methodologies may be applied to screens for RAS synthetic lethality: one 

such example is insertional mutagenesis, although the need for the use of haploid cells 

would make this hard to apply to typical cancer cells (58).

Finally, RAS synthetic lethal screens carried out to date have relied on cell growth in 

traditional two dimensional tissue culture systems, with a couple of exceptions (59, 60). It is 

becoming increasingly clear that such in vitro conditions are a poor mimic of the true 

environment of a naturally occurring tumour in vivo (61). In the future it will be important 

to adapt screening methodology to use three dimensional cell culture systems, such as 

spheroid or organoid cultures. In addition, the complex interactions between tumour cells 

and host tissue in vivo may be better modelled in vitro using mixed cell culture systems, 

possibly incorporating stromal cells, endothelial cells and immune cells as well as tumour 

cells. 3D multicellular tumor spheroid (MCTS) culture systems are being developed to 

address these issues, but as yet have not been exploited in large scale screening (62). The 

ultimate progression towards accurate modelling of the tumour environment comes from the 

use of in vivo screens; RNA interference based in vivo screens have developed rapidly in 

recent years (63). They have tended to be more limited in library size and have mostly been 

used to identify tumour suppressor genes.

RAS Synthetic Lethal Screen Results

The results of the genetic screens that have been published to date that have sought unique 

dependencies of RAS mutant mammalian cells are shown in Table 1, and see also Fig. 2. 

The most immediately obvious feature is the lack of overlap in the results from the different 

screens. Only the proteasome scores in multiple screens (64-66), providing evidence for a 

classic non-oncogene addiction phenotype of RAS mutant cancer cells on the ability to 

degrade damaged or excess proteins. RAS mutant cells have long been known to show 

elevated protein synthesis rates, with several links between RAS signaling pathways and the 

control of the protein synthesis machinery well established (67). However, proteasome 

inhibitory drugs alone show little selectivity for RAS mutant cells in vitro (30, 31). Two 

proteasome inhibitors are approved for clinical use in the treatment of multiple myeloma, 

bortezomib and carfilzomib (68). This haematological malignancy displays a high rate of 

RAS oncogene mutation (22% KRAS mutant and 18% NRAS mutant (69)), but it remains 

unclear whether RAS mutation status is in any way related to proteasome inhibitor clinical 

response (70). Although proteasome inhibitors have not succeeded in clinical trials in solid 

tumours, the synthetic lethal screen data provide some rationale for re-evaluating their 

possible activity in RAS mutant solid tumours. It is likely that combination with other agents 

would be required to provide significant response; in addition to cytotoxic agents, an 

interesting possible combination would be with MEK inhibitors, currently the only targeted 

agents to show selectivity for KRAS mutant tumours in the clinic. Indeed, the centrality of 

MEK signaling to RAS mediated transformation has led to interest in conducting KRAS 
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synthetic lethal screens in combination with MEK inhibition, which has yielded Bcl-XL as a 

potential combination synthetic lethal hit (71).

There are likely to be a variety of reasons for the lack of overlap between these screen 

results. Clearly each screen was carried out in a different way, often using fundamentally 

different technology and mostly on different cell lines, frequently from different tissues. 

Most of the screens used KRAS knockdown as a positive control, so one has to conclude at 

least that there are no synthetic lethal targets identified to date that can give as broadly 

applicable, or indeed as potent, an effect as targeting KRAS itself. When RNA interference 

screens have been extended to very large collections of several hundred cell lines, KRAS 

targeting holds up very well as an effective way of inhibiting growth of KRAS mutant 

cancer cells, while all of the published KRAS synthetic lethal targets fall away to statistical 

insignificance (W.R. Sellers, personal communication). A large part of the problem is likely 

to be down to the context in which the RAS mutations occur, both in terms of the presence 

of mutations in other genes and also tissue lineage (72-75). With the increasing level of 

detail available about the genetic make up of tumours upon clinical presentation, it is 

possible that some specific combinations of tissue type and mutational background could be 

identified that would render RAS mutant tumours susceptible to targeting of synthetic lethal 

partners. However, from the data acquired to date it is clear that there is very unlikely to 

exist a universal mutant RAS synthetic lethal target that comes anywhere close to the 

targeting of RAS proteins themselves across the broad spectrum of RAS mutant cancers.

In addition to the differences in methodology and context leading to variability between 

screens, it is also likely that some problems have come from experimental artefacts 

associated with off target effects in RNA interference technology. The synthetic lethal effect 

of STK33 targeting (76) has proven hard to reproduce by others (77, 78). GATA2 targeting 

(65, 79) has also been questioned in terms of its efficacy in KRAS mutant lung cancer cell 

lines in vitro (80), although in this case extensive in vivo (65, 81) and mechanistic data (82) 

exist to support the link.

A final concern to note with the results of the synthetic lethal screens reported so far is the 

magnitude of the synthetic lethal effect. The original recognition of the synthetic lethal 

interaction between BRCA mutation and PARP inhibition reported a differential sensitivity 

of around 1000 fold (19). By contrast, most of the synthetic lethal interactions reported for 

RAS are far weaker. While it is hard to directly compare methodologies between drug based 

and RNA interference mediated inhibition, it is unlikely that the magnitude of any of the 

RAS synthetic lethal effects found so far exceed ten fold. It is not clear that this is sufficient 

to form the basis of an effective therapeutic strategy.

Conclusions and Future Direction

The search for synthetic lethal interactions with RAS mutational activation has spanned 

more than ten years and this may be a good point at which to step back and evaluate what 

has been achieved. Unfortunately, it has yet to provide much basis for optimism that this 

will lead to a promising new therapeutic approach to tackling RAS mutant cancers in the 

clinic. It is certainly possible that improvements in screening technology - for example, the 
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use of improved RNAi libraries or CRISPR/Cas9 systems, the use of expanded collections 

of cancer cell lines, and the use of more realistic 3D and possibly mixed cell culture 

systems, or further development of in vivo screening methods - could lead to major 

breakthroughs and the discovery of synthetic lethal targets that are relevant across 

reasonably broad contexts. However, at present it seems that synthetic lethal hits identified 

to date may have significance in only rather limited contexts. From everything we have 

learnt in recent years about the speed with which advanced cancers can develop resistance to 

therapeutic agents targeted directly at mutant oncogene products, such as BRAF and EGFR 

(83, 84), the concern also exists that even if initial responses to targeting of synthetic lethal 

partners were good, the signaling network distance between those partners and RAS itself 

would make it very likely that compensatory adaptation and rewiring could relatively easily 

occur to confer resistance. In the setting of tumours with high levels of intra-tumour 

heterogeneity (85, 86), which appears to be the norm for most tumours where RAS mutation 

levels are high, the danger is that pre-existing variation could render portions of tumours 

unresponsive to therapies targeting non-oncogene addiction pathways. These pathways are 

diverse and dependence on them is due to adaptation to selective pressures acting on the 

tumour and only indirectly linked to the driver oncogene. While there are certainly a number 

of interesting leads from the synthetic lethal approach that deserve detailed follow up, and 

some potential for more to come, advances elsewhere in cancer research merit a re-

evaluation of priorities in the RAS field. In particular, two areas seem to be especially 

promising and compare very favourably relative to synthetic lethality: one is the nascent 

field of direct targeting of RAS proteins, especially with mutant specific inhibitors (7), and 

the other is immunotherapy approaches such as immune checkpoint blockade, which, 

although probably agnostic with regard to driver oncogene identity, is beginning to show 

impressive clinical activity in tumours with high rates of RAS mutation, such as lung cancer 

and melanoma (87, 88).
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Figure 1. 
Scheme demonstrating the basis of synthetic lethality with RAS mutation exploited in RAS 

synthetic lethal screens.
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Figure 2. 
RAS signalling pathways involved in driving the transformed phenotype and their 

relationship to orthogonal cooperative pathways, revealed by synthetic lethal screens, that 

protect RAS transformed cells from oncogenic stresses. Many of these can be considered to 

be non-oncogene addiction effects. Some RAS synthetic lethal hits may be controlled by 

RAS signaling, for example, TBK1, but in most cases there does not appear to be direct 

control by RAS.
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Table 1

Mutant RAS synthetic lethal targets from functional genomic screens

Synthetic lethalhits Cells Library and screen Reference

RAN
TPX1
SDC1

H1299 Q61K NRAS mutant human lung 
cancer cells

~3,700 druggable genes
siRNA, multi well cell death

(89)

Survivin DLD1 G13D KRAS isogenic colon cancer 
cell lines

~4,000 druggable genes
siRNA, multi well cell death

(90)

PLK1
APC/C

Proteasome

DLD1 and HCT-116 G13D KRAS isogenic 
colon cancer cell lines

Whole genome retroviral shRNA library, pooled 
proliferation screen microarray readout

(66)

STK33
(AKT3)
(DGKZ)

Panel of 4 KRAS mutant and 4 wild type 
pan-cancer cell lines, plus two normal lines

~1,000 druggable genes, lentiviral shRNA, multi 
well proliferation

(76)

TBK1
(PSKH2)

(PSMD14)
(PTCH2)

Human pan-cancer cell line panel (7 KRAS 
mutant, 10 wild type)

~ 1,000 druggable genes, lentiviral shRNA, multi 
well proliferation

(64)

WT1 Mouse lung cancer cells LKR10 and LKR13 
G12D Kras

162 KRAS relevant genes shRNA pooled screen in 
vivo, beadarray readout

(59)

SNAI2 HCT-116 isogenic colon cancer cell lines ~ 2,500 druggable gene retroviral shRNA pooled 
proliferation screen, microarray readout

(91)

GATA2
CDC6

Proteasome

HCT-116 isogenic colon cancer cells and 
pan-cancer 26 cell line panel

~8000 genes siRNA, multi well cell proliferation 
and apoptosis

(65, 79)

TAK1 SW620 G12V KRAS and SW837 G12C 
KRAS human colon cancer cell lines

Lentiviral shRNA screen with 17 selected kinases, 
multi well proliferation

(92)

BCL-XL KRAS mutant colon cancer cell lines 
HCT-116 and SW620

~1,200 druggable genes shRNA, pooled NGS 
readout, synergistic death with MEK inhibitor

(71)

Ctnnb1 (β-catenin) Mllt6 Hras G12V mutant mouse keratinocytes in 
vivo

Whole genome lentiviral shRNA library, pooled in 
vivo proliferation screen NGS readout

(60)

COPI coatomer KRAS plus LKB1 mutant lung cancer 17 
cell line panel

Whole genome siRNA, multi well cell proliferation (73)

ARHGEF2 Human pan-cancer 72 cell line panel Whole genome lentiviral shRNA library, pooled 
proliferation screen NGS readout

(93)

Clin Cancer Res. Author manuscript; available in PMC 2015 October 15.


