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1.  Nucleic acid ligands act as a PAM and agonist 
depending on the intrinsic ligand binding state 
of P2RY2.

Masaki Takahashi, Ryo Amano, Michiru Ozawa1, 
Anna Martinez1, Kazumasa Akita1, Yoshikazu Na-
kamura1: 1RIBOMIC Inc., Minato-ku, Tokyo

G-protein coupled receptors (GPCRs) play diverse 
roles in physiological processes, and hence the lig-
ands to modulate GPCRs have served as worthwhile 

molecules in biological and pharmacological ap-
proaches. However, the exploration of novel ligands 
for GPCR still remains an arduous challenge. In this 
study, we report a method for the discovery of nucle-
ic acid ligands against GPCRs by advanced RNA 
aptamer screening technology that employs a vi-
rus-like particle (VLP) exposing GPCR of interest and 
integrates high-throughput sequencing and bioinfor-
matics. An array of biochemical analyses coupled 
with cell-based assay revealed that one of the aptam-
ers raised against purinergic receptor P2Y2 (P2RY2), a 
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RNA no longer stands behind DNA or protein but stands in front of DNA and 
protein. Recent achievements and discovery in biological science clearly 
emphasize the importance of RNA in life: the discovery of RNA interference, 
molecular mimicry between protein and RNA, ribosome structure at atomic 
resolution, and RNA quality control triggered by aberrant mRNAs. Moreover, the 
completed human genome project revealed, to our great surprise, the existence of 
a large amount of protein-noncoding RNAs (ncRNAs). These ncRNAs can be 
classified into two types: one, like antisense and microRNA, those function with 
sequence complementarity to the target mRNA or DNA, while the other, like 
aptamer, those function independent of sequence complementarity. In our 
laboratory, we aim to create artificial aptamers to target proteins of therapeutic 
interest.
The concept of using single-stranded nucleic acids (aptamers) as affinity molecules 
for protein or compound binding was initially described in 1990. The concept is 
based on the ability of short oligonucleotides to fold, in the presence of a target, 
into unique three-dimensional (3D) structures that bind the target with high affinity 
and specificity. Aptamers are generated by a process known as systematic 
evolution of ligands by exponential enrichment (SELEX), which merges 
combinatorial chemistry with in vitro evolution from a complex library of randomized 
1014-15 different sequences. Importantly, aptamer targets can be small (e.g., 
chemical compounds) or large (e.g., proteins), and simple (e.g., purified proteins) 
or complex (e.g., protein complexes or cell surface receptors). Therefore, aptamers 
can be used as therapeutic compounds or reagents for affinity purification or as 
biosensor elements.
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GPCR, exhibits an activation potency to unliganded 
receptor and prohibits a further receptor activation by 
endogenous ligand, behaving like a partial agonist. 
However, the aptamer enhances the activity of intrin-
sic ligand-binding P2RY2, thereby acting as a positive 
allosteric modulator (PAM) to liganded receptor. Our 
findings demonstrate that the nucleic acid aptamer 
conditionally exerts PAM and agonist effects on GP-
CRs depending on their intrinsic ligand binding state. 
These results indicate the validity of our VLP-based 
aptamer screening targeting GPCR and re-emphasize 
the high potential of nucleic acid ligands for explor-
ing the GPCR activation mechanism and therapeutic 
applications.

2.  An RNA aptamer restores defective bone 
growth in FGFR3-related skeletal dysplasia in 
mice
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Achondroplasia is the most prevalent genetic form 
of dwarfism in humans and is caused by activating 
mutations in FGFR3 tyrosine kinase. The clinical need 
for a safe and effective inhibitor of FGFR3 is unmet, 
leaving achondroplasia currently incurable. Here, we 
evaluated RBM-007, an RNA aptamer previously de-
veloped to neutralize the FGFR3 ligand FGF2, for its 
activity against FGFR3. In cultured rat chondrocytes 
or mouse embryonal tibia organ culture, RBM-007 
rescued the proliferation arrest, degradation of carti-
laginous extracellular matrix, premature senescence, 
and impaired hypertrophic differentiation induced 
by FGFR3 signaling. In cartilage xenografts derived 
from induced pluripotent stem cells from individuals 
with achondroplasia, RBM-007 rescued impaired 
chondrocyte differentiation and maturation. When 
delivered by subcutaneous injection, RBM-007 re-
stored defective skeletal growth in a mouse model of 
achondroplasia. We thus demonstrate a ligand-trap 
concept of targeting the cartilage FGFR3 and deline-
ate a potential therapeutic approach for achondropla-
sia and other FGFR3-related skeletal dysplasias.

3.  Multiple Therapeutic Applications of RBM-007, 
an Anti-FGF2 Aptamer.

Yoshikazu Nakamura1: 1RIBOMIC Inc., Tokyo, Ja-
pan. 

Vascular endothelial growth factor (VEGF) plays a 
pivotal role in angiogenesis, but is not the only player 
with an angiogenic function. Fibroblast growth fac-
tor-2 (FGF2), which was discovered before VEGF, is 
also an angiogenic growth factor. It has been shown 
that FGF2 plays positive pathophysiological roles in 
tissue remodeling, bone health, and regeneration, 
such as the repair of neuronal damage, skin wound 
healing, joint protection, and the control of hyperten-
sion. Targeting FGF2 as a therapeutic tool in disease 
treatment through clinically useful inhibitors has not 
been developed until recently. An isolated inhibitory 
RNA aptamer against FGF2, named RBM-007, has fol-
lowed an extensive preclinical study, with two clini-
cal trials in phase 2 and phase 1, respectively, under-
way to assess the therapeutic impact in age-related 
macular degeneration (wet AMD) and achondropla-
sia (ACH), respectively. Moreover, showing broad 
therapeutic potential, preclinical evidence supports 
the use of RBM-007 in the treatment of lung cancer 
and cancer pain.
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