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Unmet Medical Needs
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Aptamer Company Indication
Pegaptanib
9ap VEGF-165 Eyetech/Pfizer wet AMD Launched
(Macugen®)
avacincaptad pegol
P Peg C5 Iveric Bio/astellas dry AMD Launched
(IZERVAY™)
RBM-007 wet AMD P2
i FGF2 RIBOMIC .
(umedaptanib pegol) Achondroplasia P2
ApTOLL TLR-4 aptaTargets Cerebral ischemia P2
. Von Willebrand'’s disease P2
BT-200 VWF Band Therapeutics N
Hemophilia A P2
BCO07 Autoantibodies against Berlin Cures Cardiom_yopathy symptoms P2
GPCRs Heart failure P2
QN-165 Nucleolin Qualigen Cancer, renal P2
i | tal
NOX-A12 SDF-1 TME Pharma Cancer, '_Dra'n’ colorectal, P2
pancreatic
NOX-E36 MCP-1 TME Pharma Cancer P1
AON-D21 C5a Aptarion Biotech (Immune modulation) P1
DTRI-031 . L . .
VWF Basking Biosciences Cerebral ischemia P1
(BB-031)
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Safety and tolerability of intravitreal umedaptanib pegol
(anti-FGF2) for neovascular age-related macular degeneration

[> *iél\%%%":ab \Tﬁﬁgﬁinﬁﬁ%éﬁ%\ (NAMD): a phase 1, open-label study

Daniel S. Pereira’, Kazumasa Akita?, Robert B. Bhisitkul*, Toshiaki Nishihata®, Yusuf Ali', Emiko Nakamura' and
Yoshikazu Nakamura %

© The Author(s) 2023

b pegol (anti-FGF2, investigational new
The ROYAL COLLEGE of

?&? OPHTHALMOLOGI: AR comiays received a single intravitreal injection of

tolerated. No severe adverse event (AE)

Itral subfield thickness (CST) in most

ARTICLE OPEN T f more than 150 um.
ted an indication of bioactivity in

Clinical proof of concept for anti-FGF2 therapy in exudative iaFs.
age-related macular degeneration (nAMD): phase 2 trials in
treatment-naive and anti-VEGF pretreated patients

Daniel S. Pereira’, Raj K. Maturi?, Kazumasa Akita®, Vinaya Mahesh?, . Robert B. Bhisitkul*, Toshiaki Nishihata®, Eri Sakota®, Yusuf Ali',
Emiko Nakamura', Padma Bezwada' and Yoshikazu Nakamura °*

-60

A
BCVA Mean Change from Baseline
(letters)

© The Author(s) 2023

BACKGROUND/OBJECTIVE: Intravitreal injections of anti-vascular endothelial growth factor (VEGF) agents are the first-line
treatment for exudative age-related macular degeneration (nAMD). Due to the limitations of these standard therapies, targeting
alternative mechanisms of action may be helpful for treatment of this very common disease. Here, we investigated an anti-
fibroblast growth factor-2 (FGF2) aptamer, umedaptanib pegol, a next generation therapeutic for the treatment of nAMD.
METHODS: Three phase 2 studies were designed. First, a multicentre, randomized, double-masked TOFU study assessed the
efficacy of intravitreal injections of pegol orin with aflibercept, compared to aflibercept
monotherapy in 86 subjects with anti-VEGF pretreated nAMD. Second, 22 subjects who had exited the TOFU study received
-120 4 monthly intravitreal injections of umedaptanib pegol (extension, RAMEN study). Third, as an investigator-sponsored trial
(TEMPURA study), a single-center, open-label, 4-month study was designed to evaluate the safety and treatment efficacy of
umedaptanib pegol in five naive nAMD patients who had not received any prior anti-VEGF treatment.
RESULTS: The TOFU study pegol alone or in ination with aflibercept did not improve best-
corrected visual acuity (BCVA) and central subfield thickness (CST) over aflibercept alone. However, the change in BCVA and CST at
Months primary endpoint was marginal in all the three treatment groups, suggesting that umedaptanib pegol is effective to prevent the
disease progression. The RAMEN study confirmed the cessation of disease progression. In the TEMPURA study, naive nAMD
patients showed improvement and no further macular degeneration, with striking improvement of visual acuity and central
sublfield thickness in some of the patients.
: These results demonstrate, for the first time, clinical proof of concept for aptamer based anti-FGF2 therapy
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IEhE R AERRAE (PVR)

o IEREM I FAHERRAE (PVR., proliferative vitreoretinopathy) & (&
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*] EyeWiki® -American Academy of Ophthalmology-DPVRLY5|H

*2 Polly A. Quiram et al. Ophthalmology.

113(11):2041-7(2006)
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Effect of the anti-Autotaxin aptamer on proliferative
vitreoretinopathy (PVR) in vivo

International Journal of N
. Molecular Sciences MDPL
At anti ATX aptamer treated p<0.05
The Effect of Anti-Autotaxin Aptamers on the Development of ; e M
Proliferative Vitreoretinopathy
5 o
. i10,H Yokota 1®, Satoru Y i1 -~ o 2,3
and Taiji ji Nai agaoka '*
44 o
! Division of Ophthalmology, Department of Visual Sciences, Nihon Unis 'tySch(xl of Medici
30-10vgcthch Ttabashi-ku, Tokyo 17’{861(]]}; n; hai azakh tsugu@nihon. ]p(H.H.),
tokoy il.com (HLY); y: i acjp (S.Y)
2 Thl.nsltu'e of Medical Science, The University of Tokyo, Minato-ku, Tokyo 108-8639, Japan; 31 [ J
yoshi@ribomic.com 83
3 msovucn - Minato-ku, Tokyo 108-0071, Japan g
P il.com; Tel.: +81-3-3972-8111 (ext. 2531) ol
g 249 [ ] o
a
*Int. J. Mol. Sci. 2023, 24(21), 15926; https://doi.org/10.3390/ijms242115926
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Autotaxin & RBM-006 (#iAutotaxin?? 749~V —)
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Autotaxin
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LPC Choline A\ ‘
LPA (FEADIEEHER CBI<EEQREEXT 1 IT—5— LPA Receptor
e RBM-006 '
2.0 A crystal structure of LPARAIIC &Y
the autotaxin/AX3 complex R R
. Collaboration with O Nureki’s laborat: RO MK A )
" Kato et ol, Nature Str. Mol. Biol, 23: 395-401, 2016 REESITECT
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MEEEAGE(ACH, Achondroplasia)

o HREEIBIE(ACH) &(&
FOEDEREEF IERERERDIHIRETT,
BWSEFEENMHEILEE Ao

o HEEIZAE(ACH)DIEH
FGF4> /O 8BIH e 2B AAFGFR3ICH =12
ZRU=FGFR3ICE> T, BOREICNELER
BB (ER) DIRICBEIL TL—Fhhmy |
BEOREDHITEINET,

. Nx\, »

*Horton et al. Lancet 2007; 370: 162-72
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An RNA aptamer restores defective bone growth i BEERETTIVYIZEACH
in FGFR3-related skeletal dysplasia in mice American Assocation

b o BEBRIPSHIFR T, SRFED

Takeshi Kimura', Michaela Bosakova®>*', Yosuke Nonaka®!, Eva Hruba*, Kie Yasuda', rostoIRlUS
Satoshi Futakawa®, Takuo Kubota', Bohumil Fafilek’**, Tomas Gregor®, Sara P. Abraham?, N

ot Pllare’ Mol Kovhore®, T S o b, Hogeas oo™, RBM-007(FGF27 749~ —)%

Deborah Krakow’, Yoshil ! >11%, Keiichi Ozono'*, Pavel Krejci®*** _
FAUL=FGF2RZEICEVEBDRE

HMEESI N

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 ap d dto ize the FGFR3
ligand FGF2, for its activity against FGFR3. In cultured rat chondrocytes or mouse embryonal tibia organ culture,
RBM-007 rescued the proli ion arrest, d dation of cartilagi 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 ion. When deli d by subc injection, RBM-007 restored defective skeletal growth in a

mouse model of achondroplasia. We thus d aligand-trap concept of targeting the cartilage FGFR3 and

deli a ial th ic approach for achondroplasia and other FGFR3-related skeletal dysplasias.

INTRODUCTION cytokme/slgnal transducer and activator of transcription (STAT)

Achondroplasia (ACH) is the most common dwarfism in humans,
occurring in between 1:15,000 and 1:40,000 live births (1). ACH is
caused by mutations in the FGFR3 gene, which encodes a transmem-
brane receptor tyrosine kinase. Fibroblast growth factor receptor 3
(FGFR3) transduces the communication signals delivered by fibro-
blast growth factors (FGFs) (2). In addition to ACH, activating

and bone morphogenetic protein (BMP) and Hedgehog
signaling (5-7). The complex molecular phenotypes induced by
FGFR3 affect chondrocyte behavior, inducing proliferation arrest,
degradation of cartilaginous extracellular matrix, and premature
senescence. Collectively, these changes lead to disruption of the
growth plate cartilage and defective endochondral ossification (8).

Bio'Bewaousios wis//:diy woiy papeojumoq

*Sci Transl Med. 20217 May 5;13(592):eaba4226. doi: 10.1126/scitranslmed.aba4226.
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FRNICHITBACH BAFERTI1—I

2020 2021 2022

2020.7~
2021.5

Phase 1 Phase £ |

Phase 2a

Phase 2b

2023

2024

Phase 2a
2022.6~2026.3

2025

2026
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FGF2[HZ=
Phase 11

KR5S (1El/1~ 218)

FGFR3(CHEE T DFGF20Dd*
ZPHE

B:OMARIN

BioMarin Pharmaceutical
(CA)

CNP7ZFO0J
MAPK=J3)LIBE
Lt (20224F)

KTi%5 (1[E/8)

EHE(CFGFR3J ) L&

PHE

/'ol\ i
bridgebio

BridgeBio Pharma, Inc.
(CA)
BABRIE : #AF0FD >

KD+
FGFR1-3F0O3 >+ —tHE=E
Phase I

ZOS (1E/8)

ML AE (BEENA)
FGFRILVERE. SRE
T(IEREEWFRN RS

umedaptanib pegol VOXZOGO® Infigratinib TransCon CNP
)

ascendis '

pharma

Ascendis Pharma A/S
(Denmark)
BHAPRE : HA

CNPRIF R
MAPK=/2) ) LBEE
Phase II
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&R (CFGFR32 )L &
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RaptGen: Al-based Generation of Aptamers

Latent embeddings of SELEX data

CNN:
Convolutional
neural network

HMM:
hidden Markov
models

SELEX
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High-Throughput
Sequencing data
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Profile HMM
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science https://doi.org/10.1038/543588-022-00249-6

OPEN
Generative aptamer discovery using RaptGen

M) Chock for updates ‘

Natsuki Iwano', Tatsuo Adachi?, K u Aoki?, Yoshik a? and Michiaki Hamada ©3482

Nucleic acid are mcthod known as systematic evolution of ligands by
SELEX). Various limited data from an experiment. Here we devel-
oped RaptGen, which is a variational autoencoder for in silico aptamer generation. RaptGen exploits a profile hidden Markov
model decoder to motif i ‘We showed that RaptGen embedded simulation sequence data into
low-dimensional latent space on the basis of motif information. We also performed ing using two indep
dent SELEX datasets. RaptGen successfully generated aptamers from the latent space even though they were not included in

by an in vitro

2.0 1

1.5 1

1.04

0.5 1

gmm center

latent axis |
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2

high-throughput sequencing. RaptGen could also generate a truncated aphmcr whh a short learning model. We demonstrated
that RaptGen could be applied to activity-guided aptamer We luded that a
generative method by RaptGen and latent representation are useful for aphmer dlsmery

Clusters were estimated
by Gaussian-mixture-
model (GMM).

The plot colors indicate
the different clusters.
Profile HMMs were
obtained from each
center of the Gaussian
distributions ().

*Iwano N., Adachi T., et al.
Nature Computational Science 2, p378-386
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