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CRISPR-based technology to silence the expression

of IncRNAs

James D. Phelan? and Louis M. Staudt™'

The human genome contains more than 3 billion base
pairs, and some estimates suggest that nearly 75% of
the genome may be transcribed (1), yet only a small
fraction (1 to 2%) of the genome that encodes for pro-
tein coding regions has been systematically probed
for function. The transcribed genome consists of both
short noncoding RNAs (ncRNAs) and long ncRNAs
(IncRNAs). The IncRNAs are defined as being greater
than 200 nucleotides in length and may be capped,
polyadenylated, and spliced like protein-coding genes.
By definition, IncRNAs do not contain open reading
frames of greater than 50 amino acids, but recent work
has uncovered a new world of smaller “microproteins”
that are encoded by IncRNAs (2). Other functions of
IncRNAs include their ability to form aptamers, which
bind and regulate protein complexes (3). The IncRNAs
can modulate gene expression by enhancer trapping
(4), and by recruiting histone modifiers to chromatin (5,
6). These examples notwithstanding, the function of
most IncRNAs is unknown. In PNAS, Raffeiner et al. (7)
develop CRISPR-based technology to silence the ex-
pression of IncRNAs, and use their technology to
identify functional IncRNAs that are regulated by the
oncogene MYC.

Recent efforts to identify functional IncRNAs have
relied on CRISPR technology, which can exquisitely
target CRISPR-associated (Cas) proteins to specific
genomic locations. This technology has ushered in a
new era of functional genomics in which large-scale
screens have exponentially increased our understand-
ing of complex genotype—phenotype relationships
(8-10). CRISPR-Cas? pooled screens have become
a mainstay of cancer research (11, 12), revealing gene
essentiality, synthetic lethality, and mechanisms of resis-
tance to targeted therapy and immunotherapy, among
countless other phenotypes. Most of these screens
have relied on Cas9-induced DNA double-stranded
breaks that, when repaired, introduce small inser-
tions or deletions, ultimately producing either mu-
tant or truncated proteins. Cas%-induced genome
editing has also been used to alter gene expression

by disrupting noncoding regulatory elements (13).
However, CRISPR screens with Cas? are less able to
reliably elucidate IncRNA function, as focal indels may
not perturb IncRNA function, and the functional do-
mains of most IncRNAs have not been mapped.

Previous studies have shown that Cas? can be
engineered to silence gene expression (rather than
induce double-stranded breaks) by fusing transcrip-
tional repressor domains to an enzymatically inactive
"dead” Cas9 (dCas9) isoform (14). In these CRISPR
interference (CRISPRI) systems, a single guide RNA
(sgRNA) is used to recruit dCas9 repressor domain fu-
sions to a specific genomic location where they can
repress the transcription. Raffeiner et al. (7) turn to
this technology to probe the function of IncRNAs that
are induced by MYC in B cell malignances such as
Burkitt lymphoma (BL). They began by fusing the
Kriippel-associated box (KRAB) repression domain of
ZNF10 to dCas? and screened BL cell lines with an
sgRNA library of 5,708 sgRNAs targeting 508 MYC-
regulated IncRNAs, 100 MYC-regulated protein-
coding genes, and 14 known panessential protein-
coding genes as a positive control. Unexpectedly,
only two of the positive control genes appeared es-
sential in this screen, and subsequent experiments us-
ing dCas9 fused to a different KRAB domain yielded
similarly suboptimal results (Fig. 1, kPOGO). However,
the authors did not test the KRAB domain of Kox1,
which has been shown to be effective in other CRISPRi
screens (14).

The authors (7) hypothesize that their approach
might have been more successful if they had used a
repression domain that was highly active in MYC-
transformed lymphomas. MYC target gene activation
is normally opposed by complexes that include MXD1
(MAD), which competes with MYC for binding to MAX
and recruits the transcriptional corepressor SIN3A (15).
Raffeiner et al. therefore fused the SIN3-interacting do-
main (SID) from MXD1 to dCas9 (dCas9-SID) and tested
whether this bespoke repressor would outperform
dCas9-KRAB in BL cells. As they predicted, 12 of
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Screening Platform Cas9 Variant | Adapter Repression Dropout | Inducible?
Mechanism
WT Cas9 None DNA double Strong Constitutive
strand cut or
Inducible
dead Cas9 KRAB TRIM28 Weak Constitutive
(ZNF10) corepressor
recruitment
dCas9-KRAB
dead Cas9 KRAB TRIM28 Weak Constitutive
(POGK) corepressor
recruitment
dCas9-KRAB
dead Cas9 SID SIN3A Strong | Constitutive
(MXD1) corepressor
recruitment
dCas9-SID
dead Cas9 |MCP-SID SIN3A Strong Inducible
dCas9 + MCP-SID

Fig. 1. Summary of CRISPRi screens performed by Raffeiner et al. (7) using variants of catalytically dead Cas9 (dCas9, gray) fused to various
domains of adapter proteins that recruit transcriptional repressors. For comparison, wild-type Cas9 (green) is also displayed, but CRISPR screens

were not performed. KRAB domain of POGK, kPOGO.

14 panessential genes scored as essential in BL cells using
dCas9-SID, and this fusion protein revealed the essentiality of
several noncoding RNAs (Fig. 1).

Given the apparent efficacy of the SID domain, Raffeiner
et al. (7) created an inducible system for SID-mediated gene
repression. They built on previous work showing that MS2 coat
protein (MCP) can be recruited to dCas9 using sgRNAs contain-
ing MS2 RNA aptamers to which MCP can bind (16) (Fig. 1).
The authors fused MCP to the SID domain and used a Tet-On
cassette to inducibly express this fusion protein in BL cells.
Using a library of sgRNAs containing the MS2 aptamer se-
quence, they showed that this system could efficiently iden-
tify essential genes.

This system has several technical advantages. Large Cas9
fusion proteins can be challenging to express using lentiviral
vectors and could be toxic to some cells due to their interaction
with corepressors. By contrast, Raffeiner et al. (7) only require the
stable expression of dCas9, which should be functionally inert in
the absence of an sgRNA. The MCP-SID fusion protein is relatively
small and thus can be readily expressed using a lentiviral vector
that coexpresses an sgRNA, enabling efficient inducible gene re-
pression. An intriguing possibility afforded by this modular design
is that cells could be engineered to express two different MCP
fusion proteins, each coupled to a different repression domain.
Raffeiner et al. observe that the SID domain was able to repress
the transcription of most IncRNAs more efficiently than the ZNF10
KRAB domain, but the opposite was true for one well-known
IncRNA, MALAT1. Thus, itis conceivable that genome-wide CRISPRi
screens could silence target genes more effectively if distinct re-
pression domains could be recruited simultaneously to a promoter
or enhancer, perhaps producing stronger phenotypes and identi-
fying novel essential genes.
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All this technological wizardly is in the service of identifying
functional important IncRNAs that may play a role in MYC-driven B
cell lymphomas. Importantly, the screen performed by Raffeiner
et al. (7) rediscovers the importance of MIR17HG, which is a MYC-
regulated IncRNA that encodes several microRNAs that target the
tumor suppressor PTEN (17). Among the novel IncRNAs that are
essential in BL cells, Raffeiner et al. validate two—SNHG17 and
SNHG26—as bona fide MYC target genes using chromatin immu-
noprecipitation assays. Interestingly, SNHG17 has been reported
to be necessary to maintain phosphorylation of PI3 kinase (PI3K)
and AKT in cell line models of melanoma (18). PI3K activation is
triggered by the constitutive and oncogenic activity of the B cell
receptor (BCR) in BL, which has been dubbed “toncogenic” BCR
signaling (19-21). Moreover, MIR17HG also activates PI3K by
downmodulating PTEN, a negative regulator of PI3K. Thus, it
is attractive to speculate that two critical oncogenic pathways in
BL—MYC and PI3K—are functionally interconnected by two MYC-
regulated IncRNAs. More generally, the large number of essential
INcRNAs in BL uncovered by Raffeiner et al. may reveal mecha-
nisms that modulate other important BL attributes, such as their
explosive and clinically aggressive proliferation, and their distinc-
tive morphology that reflects their derivation from the centroblast
subpopulation of germinal center B cells (20).

Inducible CRISPRi screens could reveal phenotypes that are
missed in CRISPR screen using catalytically active Cas9. Since
gene inactivation by Cas9 is stochastic, the timing of gene
inactivation will be variable within a population of sgRNA-
expressing cells. By contrast, gene silencing by inducible CRISPRi
will be more synchronous, which is a decided advantage when
conducting combinatorial genetic screens that aim to knock down
two genes at the same time. Further, for some genes, a complete
knockout could be cell lethal, but a partial knockdown by CRISPRi
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could reveal a role in nonlethal phenotypes. Indeed, technologies
that partially knock down genes may better model the effect of
drugs, which rarely completely inactivate their targets in vivo.
And lastly, as demonstrated by Raffeiner et al. (7), CRISPRi tech-
nologies are effective tools to probe the noncoding genome.
From these perspectives, it will be important to start building a

public database of CRISPRI results so that metaanalyses can be
performed, which can highlight cell type- and context-specific
effects of IncRNAs. The value of such public repositories is
evident from the widespread usage of a similar database
(Depmap) for Cas9 loss-of-function screens targeting the cod-
ing genome (22).
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