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ABSTRACT
A vast majority of the human genome encodes long non-coding RNAs (lncRNAs) as compared to
protein-coding genes (PCGs). But most efforts to determine biomarkers of anticancer drug response
have focused entirely on PCGs. Comprehensive investigation of lncRNAs and drug response demon-
strates that lncRNAs are indeed crucial biomarkers of drug response.
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A long-standing objective of cancer precision medicine is to
select treatments that are tailored based on a tumor’s genetic
profile with the goal to maximize the probability of clinical
response. This requires careful determination of biomarkers
that can predict response to each candidate drug. In order to
find such biomarkers, researchers have successfully utilized
in vitro models based on cancer cell lines treated with various
anticancer agents. For example, the genomics of drug sensi-
tivity in cancer (GDSC)1 and cancer therapeutics response
portal (CTRP)2 studies screened nearly a thousand cell lines,
along with detailed molecular profiles, to generate
a comprehensive pharmacogenomic biomarker profile for
hundreds of drugs. However, these large-scale drug screens
suffered from a major caveat by focusing solely on protein-
coding genes (PCGs). We now know that nearly 70% of the
human genome encodes long non-coding RNAs (lncRNAs),
as compared to about 2% encoding PCGs.3 With the emer-
gence of lncRNAs as a key regulator of gene expression4 and
drivers of malignant transformation,5 we believe it is critical
that we investigate their potential contributions as biomarkers
in cancer precision medicine.

To fill the gap in our understanding of lncRNAs as poten-
tial biomarkers, we performed a systematic analysis of the
associations between the somatic lncRNA transcriptome and
genome of about a thousand cell lines with detailed pharma-
cological profiles for hundreds of drugs6 (Figure 1). As
lncRNA transcriptomes are notoriously difficult to profile,
we first developed and implemented a novel computational
tool to impute the lncRNA transcriptomes of the cell lines
with missing lncRNA profiles.7 With a comprehensive picture
of lncRNA transcriptome available at our disposal, we first
evaluated the ability of the lncRNA transcriptome to predict
response to all drugs as compared to PCGs. We found that
lncRNAs were just as potent as the PCG transcriptome at
drug response prediction, suggesting it is worthwhile digging
deeper into the data to identify potential individual lncRNAs
as biomarkers.

However, identifying the potential of individual lncRNAs
as novel biomarkers posed two critical challenges – (1) The
close genomic proximity of many lncRNAs to PCGs means
any statistical analysis correlating expression of lncRNAs with
drug response maybe biased, or at the very least redundant,
with neighboring PCGs; and (2) The top candidate lncRNAs
biomarkers may not provide any additional predictive power
beyond the well-established PCG clinical biomarkers. To
address these issues, we carefully modified our predictions
models to account for the possible confounding effects of
these variables. First, we characterized the bias that may be
introduced by the expression of neighboring cis-PCGs (within
±500Kb of the lncRNA), and found that nearly half of all the
significant drug-lncRNA associations were in fact redundant
from the associations with proximal cis-PCGs. Thus, by
adjusting the prediction models for cis-PCGs, we were able
to identified novel associations with known, cancer-
associated, and uncharacterized lncRNAs. Moreover, these
novel lncRNA predictors were located at distinct genomic
loci compared to the top PCG biomarkers for most drugs,
suggesting a potential association with drug response inde-
pendent of the PCGs.

We next addressed the utility of these candidate lncRNAs
in comparison with well-established clinical biomarkers by
adjusting our models for these alterations. For example, we
determined that two lncRNAs, EGFR-AS1 (epidermal growth
factor receptor anti-sense 1) and MIR205HG (microRNA 205
host gene), could substantially improve upon the prediction of
response to erlotinib and gefinitib over EGFR (epidermal
growth factor receptor) somatic mutation and amplification
status. In other words, our analysis suggested that there may
be tumors that may respond to anti-EGFR therapy despite not
carrying its established clinical biomarker.8 Using an in vitro
model, we confirmed that sensitivity to erlotinib depends on
the expression of EGFR-AS1 and MIR205HG in the NCI-
H222 and HCC-827 lung cancer cell lines. Finally, we pre-
sented a statistical approach to determine lncRNA-specific
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somatic alterations undergoing positive selection and signifi-
cantly associated with drug response.

Overall, we found that the lncRNAs generally outper-
formed established PCG biomarkers at predicting response
to most drugs, suggesting a critical role of lncRNAs in cancer
precision medicine. While we tested and validated the link
between two lncRNAs and anti-EGFR response, our study
revealed a plethora of new hypotheses that need to be studied
in detail. In addition, future efforts must focus on further
characterization of lncRNAs at both the functional level as
well as in pre-clinical and clinical models for pharmacoge-
nomic relevance.
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