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ABSTRACT

Most RNAs produced by the extensive transcription of the genome lack protein coding potential. Long non-coding
RNAs (IncRNAs) have been shown to play important roles in all the central aspects of gene function including
iImprinting, epigenetic regulation, transcription, splicing and nuclear/cytoplasmic trafficking, translation and RNA
stability. These all have wide ranging effects on cell cycle and differentiation. Direct visualization and
quantification of IncRNAs in single cells now enters as an essential tool for both basic science and clinical research.

We recently streamlined both the design and synthesis of fluorescently labeled probe sets containing multiple, tiled
20-mer GC-balanced oligonucleotides for use in RNA fluorescence in situ hybridization (RNA FISH). In contrast to
traditional collective and cell-disruptive RNA analyses (e.g. northern blotting and gPCR) that report relative
population averages of RNA content, single molecule (sm)RNA FISH affords specific and sensitive detection and
quantification of RNAs, while establishing the intracellular localization of the target IncCRNAs. Probe sets with
balanced binding characteristics further allow simultaneous detection of multiple RNA targets. The gentle
hybridization conditions also enable immunofluorescence and smRNA FISH to be performed on the same samples.

We present here data on the expression of multiple disease relevant IncRNAs. We verify the location of and large
variation in expression for RNAs such as MALAT1 to nuclear speckles, and NEAT1 to nuclear paraspeckles. In effect,
such RNA FISH probe sets function as "RNA land markers", taking the place of immunofluorescence with particle
specific antibodies. The subcellular location of several other IncRNAs and the intracellular variation in their
expression is also presented for tumor cell lines and primary tumor tissues. RNA FISH multiplexing for IncRNAs
and indicator mRNAs provides the appropriate framework to address physiologically induced changes in IncRNA
expression and patterns.

Our continued efforts will shed light on how expression and localization of IncRNAs may contribute to the diseased

phenotype, while adding a large selection of novel biomarkers that can be interrogated for improved diagnosis,
prognosis, and therapeutic choice.

METHODS

Figure 1. Stellaris RNA FISH

For each target, a mix of multiple 20-mer oligonucleotides, each labeled with a single Quasar® 570 or
Quasar 670 fluorophore was designed* and synthesized. All probe sets contained > 36 oligos each,
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Figure 2. NEAT1 variant-
specific RNA FISH. Probe sets
(A) detecting the short and the
long form (red) or the long
form only (green) were used
for RNA FISH. B) Two-dye
verification (Kretz, et al., 2013;
Maamar et al. 2013), of the
NEAT1 5’ probe set. C)
Differential localization of the
two NEAT1 isoforms to
paraspeckles and individual
nuclear spots.
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Figure 4. Cytoplasmic localization of H19
INcCRNA In cultured cells (A) and frozen ovarian
tissue (B). Note cell-to-cell variability.

Figure 5. Nuclear TERC (telomerase RNA)
localizes to Cajal bodies, and likely to individual
chromosome ends (B; green box).

Imaging of disease relevant IncRNAs by Stellaris® RNA fluorescence
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Figure 6. PCA3 IncRNA (green) and GAPDH
MRNA (red) distribution in FFPE prostate tissue.

Figure 7. XIST clouds in 4 female cancer cell
lines with variable X-chromosome karyotype.
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e Stellaris and Quasar are registered trademarks of Biosearch Technologies, Inc. Scan this QR
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Figure 3. MALAT1 IncRNA. A) RNA FISH with a Quasar 570 labeled MALAT1 probe set (red)
combined with immunofluorescence with an a-SC35 mAb (green) reveals co-localization. B)
Strong co-expression of MALAT1 IncRNA (red) and mRNA for the G1 cell cycle marker CDKN1A associated with them. Please see www.biosearchtech.com/legal for full legal disclosure. QZTEﬁE%UNtA

(p21, Cipl) (green). No correlation was observed for CDK4 or CCND1. e This product is sold under license from the Rutgers University and may be used under its FISH Probes.
patent rights for Research Use Only.

unless noted. Human A549 cells grown on coverslips were fixed and permeabilized. Hybridizations
were carried out for 4 to 16 hours at 37 °C in 50 ul hybridization solution (10 % dextran sulfate, 10 %
formamide in 2X SSC). Samples were then washed, nuclei stained with DAPI, and imaged.

* Stellaris probe designer and protocols: www.biosearchtech.com/stellaris
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