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Elucidation of the function of 5% capped antisense promoter-associated RNA
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Our project focuses on understanding the biological role of CASPARs, a novel
family of RNA molecules that overlap genes near their promoter, which is the key genomic region for
regulating the activity of genes. In the THP-1 leukemia cell line, we have identified CASPARs at hundreds
of genes, including those coding for transcription factors involved in cancer. Upon inhibition of
specific CASPAR transcripts, we found expression changes of these genes, suggesting that the CASPARs are
functional and play a role in regulating gene activity. We are currently planning to measure the
genome-wide response to CASPAR inhibition using next-generation sequencing. We also subjected the THP-1
cells to PMA stimulation, causing the cells to differentiate into monocytes, and extracted RNA at several
time points to measure the dynamic behavior of CASPARs during differentiation. This study thus
contributes to our understanding of the regulation of oncogenes, which are typically dysregulated in
cancer-.
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Background and
motivation of the research at the time of
application.

(1) Almost all cells in the human body have
an identical DNA sequence. However, their
morphology, biological function, and
behaviors are strikingly different, which
can be explained by the specific programs
of gene expression and regulation that
govern the biological character of each cell.
The importance of gene regulation in
human disease is particularly apparent in
cancer cells, in which dysregulation of gene
expression leads to  excessive or
inappropriate cell proliferation.

(2) Genes are primarily regulated by
transcription factors, which are proteins
binding to specific regulatory DNA
sequences, as well by as non-coding RNAs
such as micro-RNAs, small interfering
RNAs, and long non-coding RNAs.
Next-generation sequencing approaches
have revealed a wide variety of novel small
RNAs whose cellular role is currently not
well understood. In particular, several
families of small RNAs have been found
near the promoters of protein-coding genes,
such as promoter-associated long and short
RNAs, transcription initiation RNAs, and
promoter upstream transcripts
(PROMPTSs). While the biogenesis and
biological function of these RNAs are
largely unknown, they are suspected to
play a role in gene regulation because of
their close association with promoters.

(3) We recently developed a novel
technique for cloning full-length
transcripts from poly-A-minus RNA, and
used this methodology to sequence long
poly-A-minus transcripts obtained from
human THP-1 myelomonocytic leukemia
cells. A bioinformatics analysis of these
sequences revealed a novel family of RNAs
that have a 5 cap but lack a poly(A) tail,
and originate near the promoters of coding
genes but on the opposite strand of DNA.
These promoter- associated antisense
transcripts have been found at more than
1700 genes, indicating that they are a
widespread phenomenon in transcription.
In a gene ontology analysis, the categories
biological regulation, developmental
process, cell differentiation, and negative
regulation of biological process were shown
to be very strongly statistically
overrepresented (p ~ 1020 or less) among
genes with such promoter-associated

anti-sense transcripts. Furthermore, the
transcripts are preferentially associated
with lowly expressed genes, suggesting
that they have an inhibitory regulatory
function. We therefore named this novel
family of non-coding transcripts CASPAR
RNAs, for capped anti-sense
promoter-associated regulatory RNAs.
CASPAR RNAs typically have a length of
200 nucleotides or more and are not
spliced.

Purpose of the research

Our aim is to establish the existence,
genomic start and end, subcellular
localization, and expression dynamics of
CASPAR transcripts at selected genes, as
well as to elucidate their regulatory role by
measuring the expression of the sense
transcript as well as the genome-wide

response of the transcriptome upon
transfection of specific CASPAR
transcripts.

Research method

(1) CASPAR selection

We focused our research project on
CASPAR transcripts at four genes
encoding transcription factors, and at
which CASPAR transcripts were detected
in the previous sequencing libraries. The
four genes we selected encode the
transcription factors MYB (a
proto-oncogene), SPI1 (also known as PU.1,
an oncogene that activates gene expression
during myeloid development), STAT6
(important in signaling by cytokines and
growth  factors), and GFI1 (a
transcriptional repressor independent of
growth factors); these transcription factors
are key regulators of proliferation and
differentiation of THP-1 leukemia cells.

(2) RACE experiments

We determined the extent and subcellular
localization of CASPAR transcripts at each
of these four genes using RACE (Rapid
Amplification of ¢cDNA Ends). Given the
limitations in the transcript length that
can be read by high-throughput sequencers,
in most cases only a partial (5" or 3)
CASPAR transcript had been sequenced,
rather than the full-length CASPAR
sequence. The true length of CASPAR
transcripts therefore remained obscure. In
addition, since only a few CASPAR



transcripts were seen at each gene, it is
unclear whether a single isoform of
CASPAR transcripts is produced at each
gene, or several isoforms with varying
start and end positions. To address these
questions, we performed RACE
experiments followed by sequencing using
the 454 Titanium sequencer. The RACE
experiments were performed on RNA
separated by their nuclear or cytoplasmic
origin to determine the subcellular
localization of CASPAR transcripts. RACE
primers were chosen such that the 5’ and 3’
RACE products overlap in order to
ascertain that the 5 and 3’ ends of the
cDNA found in the RACE experiments
originate from the same CASPAR
transcript.

Upon stimulation of THP-1 cells by phorbol
myristate acetate (PMA), the cells cease
proliferation, become adherent, and
differentiate into a mature monocyte- and
macrophage- like  phenotype. The
sequencing data in which the CASPARs
were originally discovered were obtained
only at a single time point after
stimulation by PMA, and consequently the
dynamics of CASPAR transcript expression
is presently unknown. We therefore
performed the RACE experiment on RNA
obtained before stimulation, as well as
after 96 hours of stimulation by PMA.

(3) Transfection of CASPAR transcripts
into THP-1 cells

To establish the regulatory role of the
CASPAR transcripts directly, we
transfected specific CASPAR transcripts
into unstimulated THP-1 cells. We
produced selected CASPAR transcripts
in-vitro using a transcription kit, as well as
an m7G capping enzyme to add the 5 cap
to the transcript. Upon transfection of
these CASPAR transcripts into THP-1 cells,
we measured the expression response of
the sense transcript by gqRT-PCR. We
decided, as a first attempt, to transfect
CASPAR transcripts instead knocking
them down as the knock-down procedure
may directly affect the sense gene
overlapping the CASPAR.

(4) Inhibition of CASPAR expression

As described below, in the end the CASPAR
transfection experiments did not give
reliable results due to the interferon
response of THP-1 cells to foreign DNA. We
therefore attempted to knock down the
CASPAR transcript using antisense oligo
gapmers. For each CASPAR transcript, we

designed two antisense oligo gapmers.

(5) Expression dynamics

As CASPAR transcripts have a 5 cap, we
reasoned that CAGE (Cap Analysis of Gene
Expression) is the ideal approach to
measure the expression of CASPAR
transcripts on a genome-wide scale.
However, the standard CAGE protocol will
predominantly detect transcripts longer
than the size of CASPAR transcripts. We
therefore concluded that it is necessary to
enrich for shorter transcripts in the CAGE
library. This is challenging as the use of a
random  primer for the reverse
transcription reaction loses the
information of the length of the original
transcript, whereas oligo-dT priming will
not work against CASPAR transcripts as
they do not have a poly(A)-tail. We
overcame this problem by using a ligation
strategy.

Research result

(1) RACE experiments

We performed 5 and 3' RACE (rapid
amplification of cDNA ends) to elucidate
the exact start and end of the CASPAR
transcript we previously identified by deep
sequencing. We extracted RNA in three
independent experiments from THP-1
myelomonocytic leukemia cells before, as
well as 96 hours after stimulation by
phorbol myristate acetate (PMA). PMA
causes the cells to cease proliferation,
become adherent, and to differentiate into
a mature monocyte- and macrophage-like
phenotype. We performed RACE against 13
putative CASPAR transcripts that overlap
the 5' end of the SPI1, MYB, GFI1, or
STAT6 genes, which encode transcription
factors that play a major vrole in
differentiation of THP-1 myelomonocytic
leukemia cells into monocytic cells. The
RNA at both time points was subsequently
divided into a nuclear and a cytoplasmic
fraction to allow wus to identify the
subcellular  localization of CASPAR
transcripts. We reverse transcribed the
CASPAR transcripts and amplified the
cDNA products in three subsequent PCR
amplification steps, using outer, inner, and
replacement primers to maximize the
sensitivity and specificity. The distribution
of ¢cDNA lengths in the library suggested
that we successfully amplified the CASPAR
transcripts of interest. We then performed
high-throughput sequencing of these
RACE libraries to determine the exact 5'



and 3' end of the CASPAR transcripts. All
thirteen CASPAR transcripts as well as the
positive control, a histone transcript, were
confirmed in the RACE libraries at both
time points and in both the nuclear and the
cytoplasmic fractions. The RACE libraries
revealed that the CASPAR transcripts
have specific 5' and 3' ends, in agreement
with our hypothesis that they are
functional and not random or degradation
products. The 3' RACE data also confirm
that the CASPAR transcripts do not have a
poly(A) tail.

(2) Transfection experiments

We have then created expression vectors to
transfect CASPARs into THP-1 cells, which
was challenging due to their lack of a
poly(A) tail. As a test, we selected a
CASPAR transcript that overlaps the SPI1
gene, and attempted transfecting it into
THP-1 cells. We confirmed by qPCR
expression measurements that the
transfection was successful, and that the
expression vector containing the CASPAR
transcript sequence is being transcribed in
the THP-1 cell.

We then performed the transfection into
THP-1 cells of two CASPAR transcripts
that overlap the gene encoding the STAT6
transcription factor. Indeed we saw a
decrease of 20-30% in the expression of
STAT6 upon transfection of CASPARS.
However, we also saw a decrease in the
expression of STAT6 after the transfection
of GFP (green fluorescent protein). This
may be due to an interferon response in
which transfection of foreign DNA into
THP-1 cells is causing them to differentiate
from a monoblast to a macrophase state.
This was confirmed by measuring the
expression of the MYB and GFI1 genes,
which were similarly affected by the
transfection.

(3) Knockdown experiments

Based on these experimental results, we
concluded that the interferon response in
THP-1 cells to transfections would mask
any effect of the transfected CASPAR. We
therefore changed our strategy to knock
down the endogenously expressed CASPAR
transcripts  using  antisense  oligos
(gapmers). We used 2 antisense oligos for
each of the 13 CASPARs and measured the
expression of the corresponding sense gene
to discover any cis-regulatory effect. For
most knockdowns, we indeed found an
upregulation or downregulation of the
sense gene (as measured by gPCR).

We then developed a strand-specific gPCR
protocol to verify the knockdown efficiency
of the CASPAR transcript itself. The
strand-specific qPCR confirmed the
knockdown efficiency of the three
CASPARs. We will now proceed to perform
CAGE expression profiling on the
knockdown samples to assess the
genome-wide transcriptome response to
the CASPAR knockdown.

(4) Expression dynamics

We also subjected THP-1 cells to PMA
stimulation, causing the THP-1 monoblast
cells to differentiate into monocytes, and
extracted RNA at several time points
during this differentiation process. We
produced CAGE libraries from these RNA
samples, using a novel protocol under
development in our laboratory to enrich
the CAGE library for short transcripts. We
performed paired-end sequencing of a test
library on a MiSeq sequencer, confirming
that this protocol can detect CASPAR
transcripts. Next, we will apply single-end
sequencing to these libraries to measure
the CAGE expression dynamics of the
CASPARs.

We aim to describe the genome-wide
transcriptome response to the CASPAR
knockdown, together with the dynamics of
CASPAR  expression, in a future
publication.
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