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SINEUP is a novel class of non-coding RNA that was first reported in 2012 (Nature, 491: 454-7, 2012). It
consists of two domains, an effector domain (ED) and a binding domain (BD), and can be used as a tool to
enhance protein translation from any mRNA of interest. The ED is functional region of SINEUP which is
essential for translation upregulation and BD binds to the target mRNA. In this project, we will extract the

minimum essential domain for maximizing the function of SINEUP. In addition, we will (1) establish the

basic SINEUP design technology, and (2) demonstrate that the SINEUP works in vivo and will confirm

its therapeutic application using mice experimental models. These research and development goals are

essential to obtain scientific knowledge for technology transfer. We are planning to connect this technology

to business derivation by achieving these goals. To achieve the above research and development goals, we set
up the below-mentioned two research-development items and are conducting research. The following results
were obtained in FY2016:
(1) Construction and evaluation of platform for effective SINEUP design
We listed up genes, which are responsible for human disease and are expected to have an effect such
as improvement of disease condition by using SINEUP. In the selection, we set criteria as: (1) A gene
that is reported as a causative gene of haploinsufficiency disease. (2) It is mainly expressed in liver and
disease is affecting liver. (3) Holds promise to attract companies' interest (the potential drug market
seems to be large). Ten genes that seemed to satisfy the above three points were selected as candidates
and about 3 to 5 SINEUP constructs were designed for each. Of these, 12 were actually constructed as

plasmids and the effect of SINEUP was evaluated using human embryonic kidney cells (hereinafter
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referred to as HEK 293), human neuroblastoma cells and mouse liver hepatoma cells. As a result,
SINEUP activity was observed for 2 genes, 5 number of SINEUP. Currently, we continue to evaluate the
remaining SINEUPs.

In order to survey SINEUP effect of other mouse SINE, SINE B2 sequences belonging to different
sub-families were extracted from various natural AS long non-coding RNAs of mouse. Next, the selected
SINE region was cloned into a SINEUP expression vector targeting EGFP, and HEK 293 cells were used
to evaluate the effect of SINEUP. As a result, 11 out of 16 SINE B2 elements tested here upregulated
EGFP translation post-transcriptionally, a characteristic SINEUP effect first found in As-Uchl 1 (original
SINEUP).

The two-dimensional structure of RNA is very important to elucidate its function and mechanism of
action. The in vivo click selective 2'-hydroxyl acylation and profiling experiment (icSHAPE) was carried
out to identify the functional structural domains of SINEUP in HEK 293 cell. By the end of FY2016, we
have reached the final experiment step (creating next-generation sequencer libraries), and we plan to
analyze the data as early as in FY2017.

Aforementioned experiments using mouse SINE B2 elements revealed the universality of SINEUPs
and expanded the number of experimentally verified SINEUP family members. Furthermore, it is
expected that the obtained SINEUPs will be powerful product for companies. The RNA secondary
structure derived from icSHAPE data will also be used for patent acquisition.

Evaluation of SINEUP activity in living organ using mouse

The effect of SINEUP-Hnf4a introduced into the mouse liver has been studied since FY2016. We
found that the SINEUP expression level in liver was very low, and any significant change in Hnf4a
protein amount could not be confirmed. It is considered that the CMV promoter used for expression of
SINEUP may be silenced in vivo. Then, an experiment in which the verification period was shortened
from one month to one week was conducted. As a result, the expression of SINEUP was confirmed in
mouse liver, and a significant translation increase of Hnf4a was verified by Western blotting. Whole
transcriptome analysis of samples using CAGE is currently undergoing. A restriction that SINEUP can
be introduced into mouse only for one week has come up as an obstacle for future pathological model
construction. Therefore, to find an optimum promoter, a luciferase reporter experiment using four types
of liver-specific promoters will be performed. For this purpose, the expression vectors were constructed.

We began construction of an animal experiment model system that can be realized in mice. After
careful review of previous studies, we nominated three promising diseases models; diabetes,
hypercholesterolemia, and nonalcoholic steatohepatitis model. As a result of comprehensive
consideration of ease of setup of the system, cost, etc., we decided to select the hypercholesterolemia
model as the first candidate and started preparation. We investigated genes involved in
hypercholesterolemia and listed several promising target genes. Currently, SINEUPs for these genes are
being designed and plasmids are under construction.

Based on the above results, we believe that the experimental environment for conducting
pathological animal model experiments is steadily being prepared. In the future, we will strongly work
towards utilizing this setup for realization of SINEUP therapeutic studies.
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