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Gastrointestinal cancers are highly lethal cancers where the vast majority of
patients are diagnosed too late and conventional therapies have largely been
ineffective, making early detection and novel drug targets greatly needed.
The Ting laboratory has been utilizing innovative technologies to
characterize RNA expression patterns in cancer. Using single molecule
sequencing, we have discovered a significant amount of “non-coding” repeat
RNAs to be produced in high amounts at the earliest stages of cancer
development, but not in normal tissues. These repeat RNAs can serve as a
novel early detection cancer biomarker and they can be targeted as a new
therapeutic avenue. In parallel, we have used single cell, microfluidic chip
technologies, and spatial transcriptomics to understand the factors involved
in cellular plasticity in cancer. Our studies in circulating tumor cells (CTCs)
have revealed the importance of tumor-stromal crosstalk in pancreatic
cancer. We are using these studies to generate new therapies to stop the

metastatic spread of cancer.

The Ting laboratory has utilized RNA-
sequencing, RNA in situ hybridization, and
spatial transcriptomic technologies to
understand the complex transcriptional
landscape of cancers. We have used these
technologies to characterize non-coding
repeat RNA expression across cancer and
normal tissues. This has provided novel
insight into the role of the repeatome in
cancer development and offers a method to
identify novel biomarkers and therapeutic
targets. In addition, we have used single
cell, spatial transcriptomic, and microfluidic
technologies to understand cancer cell
heterogeneity and plasticity. We have now
found the aberrant expression of repeat RNAs
are linked with cancer cell plasticity.

Repeat non-coding RNAs

RNA sequencing of a broad spectrum of
carcinomas demonstrated a highly aberrant
expression of non-coding repeat RNAs
emanating from regions of the genome
previously thought to be inactive due to
epigenetic silencing. Analysis of all human
repeats identified the HSATII satellite as
being exquisitely specific for epithelial
cancers, including carcinomas of the
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pancreas, colon, liver, breast, and lung. HSATII
expression was confirmed by RNA in situ
hybridization (RNA- ISH), and was present

in preneoplastic lesions in mouse models
and human specimens of the pancreas and
colon suggesting satellite expression occurs
early in tumorigenesis, which provides for

a potential biomarker for early detection

and a novel therapeutic avenue. Recently,

we have discovered that HSATII is reverse
transcribed in cancer cells and can integrate
back into the genome and expand these
pericentromeric regions. These expansions
were found to be a poor prognostic marker

in cancer. Moreover, our work has found that
these satellite repeats can affect the local
tumor microenvironment with implications for
immunotherapies.

This has led to a Phase Il clinical trial of a
nucleoside reverse transcriptase inhibitor
(NRTI) 3TC in metastatic colorectal cancer,
which is demonstrating promising single
agent activity in 25% of patients. We are
now trying to identify the HSATII reverse
transcriptase and better understand the
biological role of satellites in cancer
progression and tumor immune response.



Q-
Py
Intrapancreatic v
neurcns ¥
" 1
Undifepegtiated cancer
Epithelial L &
Most g B \ascuar

o pOC ‘ smooth
L
3 N J ™ Paricyte
Mierohage e
: B#'
PalmnhilnL

E»do‘k-w = \c.qr

This image represents a spatial transcriptomic “map” of a pancreatic cancer with individual
molecules of repeat and coding RNAs quantified with precise spatial coordinates in a human
primary tumor sample. Individual cell types can be determined based on transcriptional
profiles with mapping to understand cell-cell interactions within tissue.

Pancreatic cancer cellular
heterogeneity

The high lethality of pancreatic cancer
results from an intrinsic ability to resist
chemotherapy and the propensity to
metastasize. The etiology of this behavior
is multifactorial, but our group has
identified cancer cell heterogeneity and
plasticity as key elements of aggressive
pancreatic cancer. Our initial work using

a microfluidic device to isolate rare
circulating tumor cells (CTCs) offered a
window into understanding the metastatic
cascade. These studies demonstrated

the inherent heterogeneity of pancreatic
CTCs and their ability to seed metastases
through a partial epithelial mesenchymal
transition (EMT) program. We have recently
uncovered the importance of stromal cancer
associated fibroblasts (CAFs) in inducing
EMT single cell heterogeneity consistent
with phenotypes observed in CTCs and

the plasticity of EMT phenotypes in the
setting of chemoresistance and metastasis.
Moreover, we defined pancreatic cancer
intratumoral heterogeneity in discrete tumor
glands using RNA-ISH and high content
digital image analysis. We are now using
spatial transcriptomic methods to fully
characterize the relationship of tumor

cell plasticity and CAF heterogeneity. In
addition, this platform provides a strategy
to understand the spatial relationship of
these cell types important for pancreatic
cancer pathogenesis. More recently, we
have now identified repeat RNA intercellular
delivery via extracellular vesicles as a
mechanism to drive cellular heterogeneity
in pancreatic cancer. The understanding of
cellular crosstalk of pancreatic cancer cells
with CAFs and other microenvironmental
cells will provide new mechanistic insight
in the drivers of cancer cell heterogeneity
and CTC generation, identify biomarkers

in predicting patient outcomes, and reveal
novel therapeutic avenues targeting tumor
cell microenvironment interactions.
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