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APTRC
“Activitives to promote technology research collaborations 
(APTRC) for cancer research” 

A collaboration between two grants, one from each of  
  ICTR - “Informatics Technology for Cancer Research” 
  IMAT - “Innovative Molecular Analysis Technologies" 

In our case 
  ICTR: U24 (PI: Morgan), focus: Bioconductor 
                        [Hansen has a sub-award on this grant]  
  IMAT: R21 (PI: Larman), focus: LISH 

LISH - “Ligation in-situ hybridization” is a method for measuring 
RNA expression (later). 

Key focus of our admin support: to develop the informatics tools 
necessary to take LISH from proof-of-concept to a commodity 
assay. 
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Proof of concept paper
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ABSTRACT

Clinical tissues are prepared for histological analy-
sis and long-term storage via formalin fixation and
paraffin embedding (FFPE). The FFPE process re-
sults in fragmentation and chemical modification
of RNA, rendering it less suitable for analysis by
techniques that rely on reverse transcription (RT)
such as RT-qPCR and RNA-Seq. Here we describe
a broadly applicable technique called ‘Ligation in
situ Hybridization’ (‘LISH’), which is an alternative
methodology for the analysis of FFPE RNA. LISH
utilizes the T4 RNA Ligase 2 to efficiently join ad-
jacent chimeric RNA–DNA probe pairs hybridized
in situ on fixed RNA target sequences. Subsequent
treatment with RNase H releases RNA-templated lig-
ation products into solution for downstream analy-
sis. We demonstrate several unique advantages of
LISH-based assays using patient-derived FFPE tis-
sue. These include >100-plex capability, compati-
bility with common histochemical stains and suit-
ability for analysis of decade-old materials and ex-
ceedingly small microdissected tissue fragments.
High-throughput DNA sequencing modalities, includ-
ing single molecule sequencing, can be used to
analyze ligation products from complex panels of
LISH probes (‘LISH-seq’), which can be amplified ef-
ficiently and with negligible bias. LISH analysis of
FFPE RNA is a novel methodology with broad appli-
cations that range from multiplexed gene expression

analysis to the sensitive detection of infectious or-
ganisms.

INTRODUCTION

Interest in the multiplexed analysis of RNA from archival
human tissues has grown immensely in recent years. Multi-
plexed RT-qPCR panels that measure gene expression are
used to guide cancer treatment, metagenomic sequencing
of biopsy materials will soon be used to diagnose infectious
diseases, and there has been widespread adoption of RNA-
seq and NanoString technology for the study of human tis-
sue micro-environments (1–3). Formalin fixation and paraf-
fin embedding (FFPE) is the most widely utilized method
for preserving clinical tissue specimens, as it maintains tis-
sue architectures, stabilizes biomolecules and is compatible
with a wide variety of stains, including immunostains. For-
malin fixation modifies RNA with adducts such as hydrox-
ymethyl groups, while also crosslinking RNA to itself and to
other biomolecules via methylene bridge formation. In ad-
dition, RNA fragmentation via hydrolysis typically occurs
prior to and during tissue preservation, and then continues
at a lower rate during storage (4–6). Standard analysis of
RNA typically begins with RNA purification, followed by
reverse transcription, which requires stretches of unmodi-
fied RNA and then polymerase chain reaction amplification
(RT-PCR). RT-PCR is inefficient and unreliable when per-
formed on RNA isolated from chemically fixed specimens
(7–10). Traditional techniques, including quantitative real
time PCR and RNA-seq, therefore suffer from reduced sen-
sitivity and unpredictable measurement biases when com-
pared to analysis of unfixed RNA.
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LISH - Ligation in-situ hybridization

Developed by Ben Larman’s lab at JHU.
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Advantages of LISH
•Does not require isolation or RT of fixed RNA 

•Higher per-molecule sensitivity than RT-qPCR/RNA-seq 

•Compatible with a variety of routine strains 

•Can be performed sequentially on the same section. 

•Sample multiplexing can dramatically reduce cost 

•No proprietary reagents or specialized resources. 

Ongoing studies 

•Transcriptome-wide LISH 

•Tumor microenvironment using tissue microarrays. 

•Adapting LISH to multiplexed fluorescent imaging in situ.
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Informatics
To help LISH become a widely used method we need to address 
the following 

Aim 1: Develop data-driven LISH probe design software.  

Aim 2: Develop an analytical software package for LISH data sets.  

To accomplish these aims we planning and doing a series of 
informative experiments which will give us the necessary data to 
develop methods and software. We have expertise in both in the 
Bioconductor team. 
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