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TERR26EEIRIR ARFAFEIRE Research and Development Projects Adopted in FY2014
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Acceleration of the development for the next generation bio-drugs based on macrocyclic nonstandard peptides Suga Hiroaki (The University of Tokyo)
%ﬁ*ﬁCRlSPR-CaS9:/X7_'/At“/ FOREEZTOEESH mAEERAF) 10
Structure-based innovation of genome-editing tool (CRISPR) system and its medical application Nureki Osamu (The University of Tokyo)

EIHAA T ORREE DRI 3 M £ CRRERERKF)
Development of third generation DNA/RNA heteroduplex oligonucleotide E(Tc:)kgg l-l\—/laekdairc]glnand Dental University) 11
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Building a platform for innovative non-toxic oligonucleotide therapeutics-Synthesis, screening, and evaluation of dual-modified artificial nucleic acids- | Obika Satoshi (Osaka University) [
ez EEDBET RIBIEE FIREIC T B EHORY 7 3 FEAORT AL GRAS) -
Development of innovative polyamides that control gene expression on-demand Sugiyama Hiroshi (Kyoto University)
b b loGREMBITINIC K 5 ZRGHEMNEER DR PRE_(BRERY) 12
Development of a series of advanced functional antibody drugs using techniques of specific modification to human IgG antibody | to Yuji (Kagoshima University)
e SREEA D TIENME DRI & 2 EIE SRR OBER B 95 (BB A) 0
Manipulation of cell fate by multi-functional bio-molecules Okazaki Taku (Tokushima University)
BAFF/ 70/ OV —%BBE LLERORBERY —XXEY R T LOAIH P R (R TEAS) 13
Development of innovative nucleic acids delivery systems based on polymer nanotechnology ('I'ng;/?msatitgteuofl[I%chnology)
RBATEREMEBAVCE MUEEES v b OIER &H BR (BEKE) 14
~! Generation of transchromosomic rats that express human antibodies via chromosome engineering technology Kazuki Yasuhiro (Tottori University)
EHHRERESA S ENTEORRE & Z DRRIKISH I Ak (RALKE) 14
Development of innovative next generation cancer-specific monoclonal antibodies and clinical application Kato Yukinari (Tohoku University)
S~ 5 s N P e L (EEER R AR
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Technology development for obtaining functional and cancer-specific single-domain antigen receptor complex (Tok;o f\alliediléal gnd Dental University)
NAFEZRBARBOIHDERIS /¥ — bAIE R BT &R #4288 (FRALA ) 15
Deployment type nanosheets creation technology development for biopharmaceutical local sustained release Abe Toshiaki (Tohoku University)
IHVY—LEERMEBVHRES Y 97U N =2 27 LOBFE £ 1658 (B AR L% —)
Yoshioka Yusuke 16

Development of a novel drug delivery system using engineered exosomes iNExionE Cares Cariiar)

2NV EHRERET 2HR/ 21— 7T « VIRNAZBWEFNRIE TS v b 7 4 — LOBE | ALV F-ET0 EIFHER) 16

Establishing innovative drug development platform with the novel non coding RNA enhancing protein translation Piero Carninci (RIKEN)

RNAIZUEEZE 7 & 2 IE 5 5 OIS RE MR MR CRIGICRKIRE € 2 U A IVANY 2 —R i DR% | AR BiE (RBAZF) 17
Development of an RNA virus vector system that stably expresses RNAi drug in target tissues and pluripotent stem cells | Tomonaga Keizo (Kyoto University)

7V Y MREERERAT AT — T '/ FHUE M2 e (RALAS) 17
Smart chemobio antibodies design for unmet disease Umetsu Mitsuo (Tohoku University)

INA FEZEMFHED D DHFEAR L ME T X DRF Al X CBILFFRZER) 18
Development of next-generation humanized mice for pre-clinical in vivo testing Ishikawa Fumihiko (RIKEN)
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Development of manufacturing technol Il bispecific antibody for next ion biologi hsano Ryutaro 18
pl ufacturing technology on small bispecific antibody for next generation biologics (Tokyo University of Agriculture and Technology)
[z FPRT S/ B BB e B RN - R M VHHIA A D (F R T DBIR SR (1R GBAL TSP 19
Development of the technology for synthesizing VHH antibodies with high affinity and stability based on a novel repertoire of genetically encoded amino acids | Sakamoto Kensaku (RIKEN)
iz BREBIRRIE DS 5T F REMEIL 7 4 U / B DDSEAR ORISR T Fl 7o B R HE (BAENAS) 19
Development of a novel muscle-directed DDS for peptide-conjugated morpholino Okada Takashi (Nippon Medical School)
[izra] B RIOGERER T 5> 14— bsiRNADAIAL 5 B (EBAS) 20
Development of siRNA conjugates with tissue-specific delivery functions Ueno Yoshihito (Gifu University)
[Hz75) B2V INTENA A ERROBEHDOBBE DT DA - FlfH] - BT LORR JIE F5 (BEERTHIIAS) 20
Development of a glycosylation analysis and control system to manufacture functionalized glycoprotein products Kawasaki Nana (Yokohama City University)
NAFERRDTIVFE— )L KBTI - E BRI T2 R GRILEFLA)
Develo ) © el il - ) ’ 21
pment of novel technologies for multi-modal imaging and quantification of bioactive pharmaceuticals Watanabe Yasuyoshi (RIKEN)
25 HBENTEAA—I VTR & BN\ F EEROEHE - ZHENGAERNBEERICRTORRE | LA %2 RRAS) 21
Spatiotemporal visualization of biopharmaceuticals by whole-body/-organ imaging with single cell resolution Ueda Hiroki (The University of Tokyo)
i) £/ T 7 5 — AR R OB SR O (A% 2
Development of core technology for therapeutic xeno nucleic acid aptamers Kuwahara Masayasu (Gunma University)
HREADNATRZIZN & T 2 THIRSBARRNEOIN RN IS EDRFHH R IR (BILAS) 22
Development of the methods for high-performance isolation of T-cell receptor (TCR) like antibodies against intracellularly expressing tumor antigens | Isobe Masaharu (University of Toyama)
By 7 Map of Research Organizations 23
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Background

NFEZERISHRHOBYTHYRHEALDEL,

BHEORERELARICVEHZDOHZD, SLOHEIHHEREDHHYBRRHBRHBSNTNS,
Biologics (also referred to as biopharmaceuticals) are radically effective and have relatively few side effects. Despite efforts to develop
biologics, Japanese pharmaceutical companies still face many technological challenges.

o HRIRIRAZ B2 — 5y b ET DRl o1 E DR UHIRIND/ \ 1 7 E I, R DX ERL i
Technology for developing drugs that target intracellular targets Technology for delivering biologics to specific tissues and cells
oIS ZRIREL T2/ A A ERDES FLERIlT o ERBEDHI I 5L
Technology for developing low-molecular-weight oral biologics Technology for controlling the structure of carbohydrates
and other molecules

% ﬁﬁ |7\-_| ?é\: Program aims

NFAERRICSIZBELVEDERRRNERETIHEEARERE

To commission development in order to strengthen Japan’s competitiveness in international markets for biologics

* R P RDIWZBEAMTHIRREDIRR o it R DEFHH R M ORIH
Address technological challenges faced by Japanese Develop the world’s first innovative
pharmaceutical companies next-generation technologies

ERETHETICERINOELZEIEY

Transfer technologies to industry by the end of this program

ERBERE Final goal

MR oxtt 831+ EEDEHICHE S EYOE B R %R

To establish innovative technology that serves as a base for the development of the world’s first next-generation biologics

NATEEREIBEDFEEREIVEZ—T Y IOFEREEDNBVIELSHRDVEINTHY BMERDVBEVIENARRFEINTVET,
BOEDOHELELN\AATEXRRORRBICHUEHF DO OHIETH . ZLOKIMHREDRR HENENZREZ—T Y ETHEIM.
NAFEERDED FFEDOEBOMICNATERRZXETHHM BREREXDORFE (R CREMNR L. FEHEEDHH
BRiliE) B ROHSNTVET,

EHFHNAFTEXRAHERETHAREE IR INSEREBEA KDV EDONAFTEEROERHFESEHOBIEZBENEL /N7
EXEROALICEAYZEHNEMZR I SHBICHL T MELCENEAZHMNBEDERRUERDOEHHERERE MDA
ZEELICMRRARZTH260FEELNSD S5 O FEFECRBLTVWSEFAEE (FFEE  ~H273XHBEE H27 4~ ARERMITH
KM (AMED)) TY,

Biopharmaceuticals have higher target specificity and thus more dramatic effects than do small molecule drugs, and therefore are expected to cause
fewer side effects. Japanese pharmaceutical companies are engaged in the development of biopharmaceuticals, but many technical problems remain.
Examples include technologies for drug discovery for intracellular targeting, development of low molecular weight biopharmaceuticals, technologies for the
delivery of biopharmaceuticals to specific tissues or cells, high activity and stability improvements for nucleic acid pharmaceuticals, and technologies for
controlling sugar chain structures.

Based on this state of affairs, the “Basic Science and Platform Technology Program for Innovative Biological Medicine” aims at strengthening the international
competitiveness of Japanese biopharmaceuticals. The program was inaugurated in FY2014 as a five-year consignment plan (headed by the Ministry of
Education, Culture, Sports, Science and Technology (MEXT) through March 2015, and the Japan Agency for Medical Research and Development (AMED) from
April 2015). The program has continued research and development aimed at the resolution of technical challenges facing pharmaceutical companies and
the creation of the world's first next-generation technologies for institutions with leading-edge technologies related to biopharmaceutical creation.
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Collaboration with-multiple’stakeholders to launch-innovative biopharmaceuticals in Japan

EXROBEIE.BOLAELBERELTVSZMBENEEZORVAITHY . BABEBE TEHLRERD
MREELLTHEBEDHSNTVET . LAL HRDERSTHEDEEMBE T/ 3ULE LD Z/NF
EERTIDCOOEAFEDY —XZE LB LTWVWBHELERIBHLIII T ZI T ASER EHE
DEEHENZRIL T 5D UZNBFHNBASRMNFBLRRL MG/ TNV EREICRE (BH).
BAROEHRNGZ/N\AFTEXRZRHITSHEMNTAZ—FLELT

EFDORBICARZINRT 2HABRBED T 7ATIT7HOOEEZHEIE BN FEERZEFDIC
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TS LA—IN\— I\ —

iﬁjgtj:;;?ﬁ EXRBERLL T (CRO/CMO) BEESELHE TN BRARL S TOEMEERRTS

ESRFRR X EETEEAER (POCOES) ETERIFZBENBFEINTEE L,

gﬁifuksa:%’nsicmi|t;fMedicme, LALNA A EERIIDFRAAEL BELEN ICERTT. 52— EDREERET B HITIE
= E BEEG BUDRRGCREEEEAAEC ARDRUAORERERRT HTEAELLDTTY,
Miyata  Toshio THTITENAFTEEHEFDCRO/CMO (/N1 A CRO) LDEHEEBHTZ L ZLDORELE(ICH

TRERER/UNIDERTECWREVDIT EATATITHEHNG Y —XORREICERWICTHHLIELTE RAILETD
N—PRILVREREFREVWEEAET,

AAREOEFHNERMANAFTEXRZRHTEOHICII BICERFMPY—X QAT Z2RR IR TIIGEBBOEHNE
ERRMOEHFEDE TCHNMMELERLTREEZRO V. THTIT NAFCROHELE (NA ANV Fv—)BTDF—T>
A/ N=23v DG | ZRELTRRD/ VNV ERV VT2 E ZOREEME L TRALGTNEVITERA . ZDTHTIT
—XISHAROPERETHY (FR7T—X)  ZONPRETLoDMVELBB DT HSWVIFHO (BEHPRAL) 2 RI\AXE
ZIBRBEDDVET EBICERTERWVY =X TATITATEBENAFROGEZER L LT XTI IVD&EE L. RERIE.
EREICASREUEHAREVORTY T ZBATERL WD RIEGVEBAABEDOBELIIETEVETH . SHREAXFEDOHE
EWTLTC CDESGRIERRICE IS T ERm PRICHEERZ CH D ERHLTBIVET,

FR27FARDSIE AEEIIHAERAEFEEE (AMED) ICBESN. (ALY v NV TOEERABIO—DDFEBAVE LT,
AMEDDDBRE L E#ZRZELDIC RE LB EOITFREEE ONA ARV Fr— NAFCROHERE) LLWEEZRABHS TEE)
LTBYE T . ERADCKEZTICEBENITERETT,

Drug discovery and development is a good example of the type of knowledge-intensive industry that Japan is striving to cultivate. However, even though
biopharmaceuticals account for over a third of major pharmaceutical products, only a few companies have successfully brought biopharmaceutical drugs developed in
Japan to market. This program was started in response to this state of affairs, to strengthen Japan's ability to compete in the international market by solving technological
problems faced in this field and out-licensing the resulting intellectual property and knowledge to companies so that they can develop innovative biopharmaceuticals.

Various policies implemented in recent years aimed at accelerating the practical applications of research have laid the groundwork for universities, if they strategically
collaborate with entities such as contract research organizations and contract manufacturing organizations (CROs/CMOs), to take their basic research from the drug
development process through investigator-initiated clinical trials for evaluating effectiveness in humans to establish proof of concept (PoC). This has mostly applied to
studies on low-molecular-weight drugs. However, biopharmaceuticals have high molecular weights and much more complex structures. Parameters such as conditions for
culturing, purification, and concentration must be strictly controlled to ensure a certain standard of quality, making it difficult to ensure the equivalency of large quantities
of products. There'is very little collaboration between academic researchers and CROs/CMOs that specialize in biopharmaceuticals (bio CROs), resulting in many
pharmaceutical companies failing to build up sufficient experience or expertise in the field. This means that even if academic researchers make theoretically successful
proposals for innovative biopharmaceuticals, there are major challenges in bringing those'drugs to clinical trials and eventually to market.

If Japan is to create innovative next-generation biopharmaceuticals, we must do more than simply discover elemental technology, candidate drugs or new concepts;
there are multiple other issues that must be identified and overcome. Forexample, we should increase added value and improve the likelihood that candidate drugs will
actually be produced by combining multiple innovative elemental technologies. We should also establish a forum where academic researchers, bio CROs, and
pharmaceutical companies (bio ventures) can bring together their experience and expertise. Furthermore, many promising candidate drugs discovered by academic
researchers are inthe the cultivation phase of development. It is at these early stages that we must provide either strong motivation or support for an exit strategy of
out-licensing or'commercialization. As for candidates that cannot be immediately out-licensed, universities must cultivate them through material optimization, quality
assurance, GLP studies in accordance with the Pharmaceutical Affairs Law, and investigator-initiated clinical trials, collaborating with bio CROs as necessary. Although this
slightly diverges from the purpose of this program, | believe in the importance of discussing and implementing measures to solve these kinds of issues, while tackling
various challenges in research and development.

In April 2015, the program was transferred to the auspices of the Japan Agency for Medical Research and Development (AMED) and became a pillar of the government’s
"Project for Drug Discovery and Development” strategy, We aim to link the program with other AMED programs and maintain open dialogue with regulatory authorities
and private businesses such as bio ventures, bio CROs,and pharmaceutical companies. | sincerely request your support in accomplishing our goals.
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My hopes forthe”Basic Science and Platform Technology Program for Innovative Biological Medicine”
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Guest Professor,

School of Medicine, Keio University FTNAATEXROAEREZMRY B, XEBREBIE2014FICA —ILIv /N DEEELT

iE W IE TEFMNA A EERAHERRMAREE ZUB EIFE L. COBEDI v a VI EHH/NAF
Horiuchi Tadashi EXRAHODDEBRMZRFEL SEURNICEEENORKNBEZBEIETLDTT,

BN COREDKEGFHHD—DIE SELURNICEESENORMEHICHIE T TDRDICIT EERTHEABREORRDH S
AT AT ITORRELITEIRA T ABEDOHARERETM-ZE LELT FNARETITENBATHREEZIL T NEIE
S0OFMMUE RELCKDARRS CEICBDFEERDAEMREICEADOTRELI. ZDR. BEZBRZICHY REIEEZESE
EBROTR(ES VAL =23 F )b U —=F) RMBRITEL O TOE T NI A DM HERCETORFOMERREERDI DY FEX
P EREDEEDOMEFAABLEELDOTRL AL EICNCTREDY K- Z2B5ENERIAMEEETHE T BRAE
EEDHEEICNFERGEZBMEIBRICELIEHVEIN . COFETHEONEREZ. BELGARZECCHEBHICRKINTHBE CER) LT
TERWEEZTEVET,

2015F4ARICIR TEHARERMAEHFEEE (AMED) I REBILE L. TNICE 2T BEDS A TH ATV ADMBEHLRESELT B L
EZONE T CORGHA T ABEZREICHESERREBSLIE NAFTRIEDORF CIBRIGEVWDEBWVET IEICESLHELT
WETBIT.CDBEDHERD T IVYNAR =BT D AITRERBE IS REICEDENEELRVLENTOLEWVREDBRED
FRICEMITHIEZAWNICHFLTVET,

REICHVELD BROTIHEECHERZEL(BBVALLITEY,

When biopharmaceuticals first emerged in the latter half of the 1990s, major Japanese pharmaceutical companies were relatively focused on developing
low-molecular-weight drugs. By the early 2000s, a major gap had emerged between the biopharmaceutical development expertise of Western and Japanese
pharmaceutical companies. Now that a number of biopharmaceuticals (therapeutic antibodies) and biotechnologies such as the anti-IL-6 receptor antibody, the
anti-PD-1'antibody, and Potelligent Technology have been successively developed in Japan, however, it is safe to say that the gap has narrowed.

As described above, breakthrough biopharmaceuticals and biotechnologies are being developed in Japan, and there is evidence of stronger commitment to such
research and development in recent years. However, over 900 biopharmaceutical products, including vaccines, were developed in the United States in 2012. For Japan
to create biopharmaceuticals at the same level as Western countries, it\is essential that industry, government, and academia promote further research and
development. To accelerate research and development of biopharmaceuticals, the Ministry of Education, Culture, Sports, Science and Technology launched the “Basic
Science and Platform Technology Program for Innovative Biological Medicine” in 2014 as part of its Project for Drug Discovery and Development strategy. The mission
of this program is to develop the underlying technology for producing innovative biopharmaceuticals and to transfer this technology to companies and other entities
within five years.

To achieve the goal of out-licensing within this 5-year time span, | believe it is imperative that those with industry experience in research and development evaluate
and support our program’s research and development efforts by sharing their unique perspectives, which differ from those of academic researchers. | was involved in
drug discovery research at a pharmaceutical company for over 30 years, mainly.in low-molecular-weight drugs. | subsequently left to work at Keio University and am
now involved in collaborative projects between industry, government, and academia as well as in translational research. Because | spent many years in research and
development at a pharmaceutical company, | forged close relationships with people involved in research and development at companies that develop
pharmaceuticals and diagnostics. | believe these personal connections are valuable in gaining corporate support when necessary. As Dr. Fukuzawa Yukichi once said,
“Learning is no better than ignorance if you do not apply it." | hope to use my network of personal connections to proactively transfer and apply the technologies
developed in our program.

The Japan Agency for Medical Research and Development (AMED) was launched in April 2015, and Japanese research in the life sciences is expected to undergo major
changes as a result. If we'can assure that our program is carried out well and achieves good results amid these developments, | am convinced that Japan will catch up
to and even surpass Western countries in the field of biopharmaceutical drug discovery. It is also my strong hope that the results of this program will contribute to the
development of drugs to treat Alzheimer's disease, cancer, schizophrenia, and other diseases for which truly effective therapeutic drugs have yet to be discovered.

We appreciate your continued guidance and encouragement.
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Aiming for the development of biopharmaceuticals that-appéal to the world

HEEDNAFT7/ AV =DERIBEREL MRS =TIV —ICL227/ LB T —2DE.
HRENRFORE. EERBEBMEDIERANZXLDDFLNIVTOMER. 7/ LRER M OEBE.
HEASDRRZZELTVE T INSRIMTZFBITEIEICKIN ERICR G OIFHRAHZXLD
NAFERRARDARLELEZDTREVHDEDRAFTHIEN > TOE T, CORRDO T NAFTEEZD
BAGHARERENHAZHTRYLIFSNTVWEDTY.,

VUM< StO®

N CNECHAEEBOHEDOS T CIIENEEZDFORBAEHRICH L T—EDERERIFTEE
Program Officer \ _.._ L. LOLESS. ZNEBF TORBILARKDEELZ (LR LETSNDE RO TIEES
w1 4A7ar7T47
K—b—2 RERBBEE  GYATLEREHN TETCW A EEEENTVET,
-
e tranior Partngls, Inc. SO—NIV LB RICEEEL O MROICBET N A ERREEHETHEERENL
K% H@ CbIC BRI SE RIS ICRA T2 ADRYMEHREBIEN LT LA IFNIEEYE A, R
Ohtaki  Yoshihiro DI HDEIREREIE. LHROBRENBEEFL LB RELILC T Y ADEBREEE I, MK,

RRATI1—IVDERICAEF 7OV T X =D AV MG E BERGESER BRABERINE T, IGbE 7ATITHEDY — X%
AOHRERARICR VTR H OB ZBREICLCERMRELSNA T EERORMICERETZINELG(ZETEZRDN\AFTEER
FRZEESOBEDUELLDDTT. FEIC TDBIC 2014FICXXBMBEED LS LIF DO TEFHN/N 1 F EX A HEBRE MR
ERXIBDTY,

ARBECREHEOZETATI7 TCORRBEERRESEURICEEICHELRRICHRAICRIFIEBERMEBRE T HITLIKEBENT
WET. ZDHITIETHTIT TCORARRRIE HEEFERCEEDZDEDHRBIECHATESRINEGIBLEEERT >t T —42%
B EHRBBOBICERLETNEGESEVCLICBRYE T ABETRAERRREZSCHEZERZREBEL. BELENDORMNBERIC
WELGZDEBRT VA PEHEZRN T SBRIC—HEICER L CHENICEDBBRFIEZRBELE L INUCKI A —ILI v N FEITTO
INA A EXEROMEE HZBIRE T2 HEEHDBIHEHBESD T,

2015F4AN S FERIGAREEMRERAEMB (AMED) IcBEITNELTc, BAERMRERREEE CIE. EXmRAEICBDOLRESRE
DHITLTEBENE T, INSMOBEELLERNGEEZRY) BRICKEETEDNMATEEROBARZBIEENREEEIATVET,

SHREL EROCKBEZTICBEVERELEIFEYT,

Biotechnology has made remarkable progress.in recent years and s still advancing rapidly, resulting in the accumulation of evidence on whole-genome
sequences with the use of next-generation sequencers, identification of new target molecules, elucidation of molecular mechanisms underlying the actions of
drug candidates, and development of genome editing technology: There are growing expectations that these technologies will enable the development of unique
biopharmaceuticals'with new mechanisms. Amid such expectations, biopharmaceutical development has become a highly competitive field around the world.

Japan has continued to make significant contributions to the world in fundamental research, including identifying target molecules. However, clinical
application of these findings has often been carried out by companies in the West, indicating the lack of an established system supporting actual product
development in Japan.

In order to survive global corporate competition, it is important to possess the ability to conduct research and development that result in internationally
competitive biopharmaceuticals, and further, to promptly bring newly developed products to market. The product development stage before commercialization
requires strict progress management and strategies such as intellectual property strategies and schedule-oriented project management, in addition to the
accumulation of solid evidence, since we are in competition with the rest of the world. In other words, we must establish a support system that clearly indicates an
exit strategy and seamlessly provides assistance from the basic research stage of “seeds” to the commercialization of biopharmaceuticals. In fact, this is the reason
why the Ministry of Education, Culture, Sports, Science and Technology launched the “Basic Science and Platform Technology Program for Innovative Biological
Medicine” in 2014.

The ultimate goal of our program is to develop basic technologies in academia, the outcomes of which are then swiftly transferred to industry for
commercialization, with-a maximum transfer time of 5 years.

To accomplish this goal, academia must produce data of sufficient quality and quantity to serve as a solid foundation for further development in industry within
an appropriate research period. In our program, a’ program supervisor (PS), two program officers (POs) and eight experts in drug discovery and development are
assigned to a management group. Together with academic researchers, we will discuss the design and types of tests required for efficient technology transfers to
pharmaceutical companies. This is the first step toward a Japan-wide system that will enable the continuous production of biopharmaceuticals.

In April 2015, the program /was transferred to the Japan Agency for Medical Research and Development (AMED), which conducts several
pharmaceutical-development-related programs simultaneously. We hope to collaborate with its other programs and aim to develop biopharmaceuticals that
appeal to the world.

Your continued support is greatly appreciated.
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Projects for research and development
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Adopted in FY2014 Adopted in FY2015

Project for intellectual property
strategy adopted in FY2014

AEHEIG NEBHFEEOEED T AMEDICE O THETN TVWE T, RFETIE. 1B2DTOTFLA—/IN\—=/N\1HF—(PS) £L24
DTOTZ LA T4 — (PO)HEBENTE) BXLADESRREZICEL. FEOABRHEICHYBELLELET - PHESE
IO TCVE T HEZERIZ. ERROMARREICKEELILERENSLIHETHY)  FREE FHEE. RO LA -FIBHERD
BT PREDESERICH Y PSRUPOILERZRNSLELICHEZ L TWE T, Kl PS\PORUHEZEZ AV /IN—LT B
FETMMESRHREETNTH Y, BrETE. AT FRTMEEERBELTNEET,

EHNENATEEROBBRMZRRE T HAERAEREIL. FR26FEITT 764 FR27TFEICOENMRIRENE LT, Eel
INSHZRREREICE T2 - HOMBOREZZIET 2D FR2CFEICHNBEBERENMIRENTVET,

This program is promoted by the Japan Agency for Medical Research and Development (AMED) in collaboration with the Ministry of Education, Culture,
Sports, Science and Technology. One program supervisor (PS) and two program officers (POs) monitor the progress of the overall program, and provide
instruction and advice necessary for smooth implementation. In addition to the PS and POs, eight pharmaceutical research and development (R&D) experts
manage and evaluate each project.

Twenty-six research projects have been carried out thus far—17in FY 2014 and nine in FY 2015. In addition, one project for the development of intellectual
property strategy was conducted in FY2014.
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PS, POs, and Experts in Pharmaceutical Research and Development for Management and Evaluation

7075 LA—IN—/I\(H—(PS) F& RETMER

Program Supervisor (PS)
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Project for Intellectual Property Strategy

EHHNAFERREE ICETCORES - H OB DRE

Development of intellectual property and exit strategies for creating innovative biopharmaceuticals

ﬁfiﬁ ”;%EJ Akahori Koji ﬁjtj{%ﬁ— k—?ﬁ%g?%ﬁﬁ%*ﬂl— ﬁ'fi}ﬁ?ﬂ#ﬁ Associate Professor, Graduate School of Medicine, Tohoku University

FERXCTE ARAREREDIRZEEENEHTHLZBELTEY) RFEEHDH DML, HOBBOREEZETEHIL
DRBEEENTVET,

KRB CDZEZTOCHITREEN TSV MNHELPEZRBAROEFIRZE AV /N—ELTVET,

HMPFHBLICOWVTIE B EFREREDESIKR PTG A Z 2 L B EITISCTARKMDREZIT T DR ZED
TVEY, Z LT AMED, PS-PO #EEER &I HBF % L fc LT KEMRARRE LT DM ERFINGEZToTVET,

o HOBBRIC OV TE BRI DZ YO - %51 P HiHRE iz 8T BRMARREICH EZTOTCVET I bE
EEPEERGICEI 2P ELEOWBOEELRERTT,

N ERER, H OB ICEEZ DN ARAREREDORRONEEFNABICEH NS OHBEXBZEHTVET,

The aim of this program is the technology transfer of 26 projects implemented in this program to companies, which requires support in formulating
intellectual property strategies and exit strategies.

This project brings together specialists in intellectual property and pharmaceutical development to provide such support.

We assess intellectual property strategies based on analyses of individual research and development (R&D) projects’ progress and granted patents. Research
on surrounding technologies is performed when necessary. After consulting with the Japan Agency for Medical Research and Development (AMED), a program
supervisor (PS), two program officers (POs), and eight experts in pharmaceutical R&D make recommendations to each R&D project and the corresponding
intellectual property division.

Advice on exit strategies are provided to each R&D project based on analyses of progress and validity of commercialization, and the results of market research
and assessment. Providing advice on corporate collaboration and pharmaceutical regulations is another important element of exit strategies.

This project continues to refine intellectual property strategies and exit strategies, and to assist the smooth the transfer of R&D outcomes to companies and
other entities.
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Acceleration of the development for the next generation bio-drugs based on macrocyclic nonstandard peptides

HRAZE AEREFRAER HR

Professor, Graduate School of Science, The University of Tokyo

== 1/
E-' *ﬁ EE (Suga Hiroaki)

BESHHELAIETS Y b7+ —LFiRaPID (Random non-standard peptide
integrated  discovery) ¥ X7 s (& 1) l&. ATRNABERI 7 L+ 254 LIEKRBE
BEMBRREHEHFEDOEFIT (Flexible In-vitro Translation) ¥ X7 Al
TARTUABEMEREHFEDE TEBEINE L. AV AT LG MRNAZ RIS
LT HSRT7 S/ BERYAAEERRERRTF R2AEL DB@EICER L. EERE
ERREDRMICRT)—Z2 T HEMTT COFMEZRETNIE BIRER
SN KEEDSMBZDTA TS —H S ETEHDBIRELBETEERE
DIZME VNG BIKEE T DHHRBRIARTF RESBE TRET AT ENTEET,
Fe . BREHRARTF REBEDFOLSICHBBEA BB TESARELEEMOTL
T A7OVIVITIE COBERE- - EHRYOBIRERFHEEZSHRaPIDY X
TLEERTATET. ZCHBEHFHEINDEHREBRNTF FEEHARAFEDO I
NAAERGZELTHRE AU ERIISE. ERXRBARDONS LMLV T M
BITTEEERBFEELTVET,

Suga et al. have developed a breakthrough drug discovery platform for natural product-inspired peptides, referred to as RaPID (Random non-standard peptide integrated
discovery) system (Fig. 1). In this system, the flexizyme technology, consisting of a set of flexible tRNA acylation ribozymes, is integrated with mRNA display expressed by a
reconstituted in-vitro translation system, referred to as FIT (Flexible in-vitro Translation) system. This system enables us to readily prepare various libraries of natural product
inspired macrocyclic peptides and rapidly screen highly potent ligands again various target proteins in an inexpensive manner. It should be noted that the molecular weights of
the macrocyclic peptides discovered by the RaPID system are ranging from 2,000 to 3,000 Da, which are far smaller than antibodies, and thereby they have potential to passively
penetrate into cells, i.e. they can target to intracellular proteins. We believe that this technology is a powerful, reliable, and unique drug discovery platform from Japan.

#3ECRISPR-Cas9y 2 7 Lt v  DREIF & Z DERIS A

Structure-based innovation of genome-editing tool (CRISPR) system and its medical application

RRAKF KFREF RN B

Professor, Graduate School of Science, The University of Tokyo

5:|?|'F|=T * IE (Nureki Osamu)

BAE T/ LREY —IVEL TN ZE RV TWACRISPR-CasOlc ERZ H T AF
BEDSERICAE CZRIELE Y T T RAEPAMESS 2585 T 5 Caso S DR
5% RE L. PAMESS | D RN ZSRFMBEZEREL. INICEDEVDLEZT/ L
5B YIMCEHWECRISPR-Cas9V AT Ly bEBRELE T (ALK FEARR
R &l AV 27 MR Y — I Z2FM B L Mz E ot BEN DRET
NRAEDEVHRECRISPR-Casd R T Lty hDFHERZBRLE T, . Bl LD
BHOREEGFEORKIRLEZBRL. A T72—7 Y bDEESHFHEEZ FF
LEY ETAFEANRRAE) £ BUTHBRL TV B VAN E AL T/ LRk
IC&BBIEF/ v o7 7 U AFHERZ BV Tl R T HECRISPR-Cas9
VAT LEREELE T (EIIRFEAREART)  E6IC. INETIcERLIZDNAER
B2 DRARIBEIEICRS T M RICE D E EM#MREONE HEEERZEE
Z I L. CRISPR-CasOMDERE T H 2 ESEE DIHRES BN E% IR I E MO
REZTV (EIIAFEARRASE) L MEEFET /LT 2 (BENITIE X-SCDT 4
B) ZAWT / LB EENSHRREB AR EAZRIILE Y (FREABRERKT).,

We focus on CRISPR-Cas9, acting in DNA double strand break depending on guide RNA, from the molecular structure level to medical application. We will first solve the crystal structures of
quaternary complexes of various Cas9 proteins recognizing different PAM sequences to fully understand the specific recognition mechanism of PAM sequence by Cas9, and will develop the Cas9
mutant set that can cleave any genome sequence (The University of Tokyo Team). Then, using semi-intact re-seal technology, we will establish the evaluation system for simple, safe and
generally-usable Cas9 set system. Furthermore, we will develop the technology of simultaneous visualization of a number of gene loci to quantitatively evaluate the off-target (The University of
Tokyo Team). We have already established in vivo evaluation system of gene knock-out by genome editing using fertilized mouse ovum, and we will use the system to optimize the
newly-developed CRISPR-Cas9 system (The Gunma University Team). Furthermore, based on our recent study on DNA homologous recombination initiation mechanism, we will enhance the
endogenous homologous recombination efficiency in hematopoietic stem cells etc. (The University of Tokyo Team). Finally, combined all together, we will establish the methodology of treatment
of pig model of human genetic diseases (X-SCID etc.) by transplantation of hematopoietic stem cells genome-edited by the new CRISPR-Cas9 set system (The Jichi Medical University Team).
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Development of third generation DNA/RNA heteroduplex oligonucleotide

RRERERAE XERERFHRESHER 8%
Professor, Graduate School of Medical and Dental Sciences,
Tokyo Medical and Dental University

*ﬁﬁ E Bé ?:@ (Yokota Takanori)

BMBERRIIIENECFNOREEI BV TEL SRR\ FTERRELT
HHEINTOVEI D RBERDERTHD7 >V F 0 AKE. siRNAIZE AR
DRCRICMZSN TV T BERIEAECGENE LS THY BRTIFHREZ) -5
BIRIIRETY, BATORKBERFEHEDEE (RMLXyy) OFRICIE. 1) {1
NDENZSYNERNICHE T SEERIREOEBFEM. 2) FEUNDRED
2R B KUHIBEANDZKET 211, 3) BOPREGEBEEDERVGS A TTEE
TEEMPRELEZISNET,

4 DEAIFLT-DNA/RNA 2 KEENT OKERIE T > F 2 AKEPSIRNAEZ D
DFEE-ERBBHIELDE 3 DRBER T BEFERBERD20EU OB
ZHL (B 1#H48)  mRNALIAICE A7 ORNAKZEDIET— FRNAPRNAIRE
HIEERIRES T2 (55 2 H#X) HAMBDOEBREM T, THICFDRERBEICKST
RN DZ K DEMEBROETFHIEETEE GV E LA FEESDORIER
DHYRBITIER T3 T, AR TIE FFE\Dnegative targeting& 1ZHH2S
A Dpositive targetinglc K> CEIMEAGZKBMEROETFHIHZAIEET S
FROBEBRENTHAEIHARNTOKBOAIEEENELET,

Here we developed a DNA/RNA heteroduplex oligonucleotide (HDO) that achieved silencing ability about 20 times that of ASO alone and can amplify effect of any
reported ASOs. The enhanced silencing ability included HDO effects as well as delivery effect of a-tocopherol to the liver. Since the HDO has a specific intracellular
processing machinery, we think that HDO is a brand new type oligonucleotide drug.

Although delivery organ of HDO was still limited to the liver, we recently developed modified structure of HDO with administration method, which can regulate
many extra-hepatic organs, such as heart, kidney and lung as a second break of HDO. This technology however has a considerable adverse effect of liver toxicity. In this
project, we try to develop a sophisticate molecular design with negative targeting of liver and positive targeting to each extra-hepatic organs, and furthermore explore
the new technology for oral and transdermal administration of HDO.

M OICAITBFNMBER TSy N 74— LB 727 ssu\ Tesons 25 56

Building a platform for innovative non-toxic oligonucleotide therapeutics-Synthesis, screening, and evaluation of dual-modified artificial nucleic acids-

RIRKRF KERREFER B

Professor, Graduate School of Pharmaceutical Sciences, Osaka University

IJ \ J:t g Hl%?\ (Obika Satoshi)

REERIIFEDBGFORREZMANTIH TESILNS INTTHERS
THORBICH T BEHNBEERRDRIBIC DL SERFENTVNE T, TD
ERLICHERRMELTTERBRBELDEINDMENGT R —ZV T K]
TATAVIRXILAF RONBENICE T 2E 2RI T 2RI I EHDITONE T H,
BIEICDWTIHIL SN FASFEE I RICARBEORRAPHERZICHE
BRIRENBREINTOE T BEICES>TUIERRRAD ZALEZ IR
TNTOLELDOHRERTY. MO EDKERAI RO L NV &2 —EREFE LIS,
EHENZRIET B3 CNSERIMORHEINBE CHDHEEAET,

AARRECTIE [BEELOICATCEFHIREBEERT S 74— LIBEE
BiE L BEEEIRONS I LR EHZER LT 17 I MEMRIATREBORREE
TUWEY RBICFAICTIM U EFNE AT RERNZ PR L BRI ERERH
BRI SELE Y —RZBNENICSRUE IR —Z VIRl RBREXORS
MEEVERETIERI SEMHERMZHE CTRRETHILET SROZBRESR
HEICBIBMANGT I77 MRV 2 —REBVBLEFHNERBEEREH
EREITOAHZBELET,

Oligonucleotide therapeutics can inhibit the intracellular expression of certain genes, giving rise to expectations of innovative new drugs that can treat intractable diseases. Technologies required
to realize practical applications for oligonucleotide therapeutics include efficient sequence screening techniques and technologies for preventing potential toxicity of artificial oligonucleotides.

Our research aims to create a platform for non-toxic oligonucleotide therapeutics through the development of dual-modified artificial nucleic acids involving the chemical modification of both
base and sugar moieties. Focusing on innovative artificial nucleic acid technologies grounded in nucleic acid chemistry, we will develop screening techniques capable of ultra-efficient
identification of promising seeds from numerous drug candidate sequences, and toxicity assessment technologies to ensure the safety of oligonucleotide therapeutics with a high level of
reliability. Through the promotion of these core technologies, we intend to realize the creation of innovative nucleic acid discovery platform technologies with the potential to become the new
global de facto standard in oligonucleotide therapeutics development.
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Development of innovative polyamides that control gene expression on-demand

REBAFE XAFZREF IR BIE

Professor, Graduate School of Science, Kyoto University

*ZIJ-I g-l-\ (Sugiyama Hiroshi)

BEFOZMAERMOESIC SO TRATERMEFEBGCFORRERICLZD
DTHAHIEDNBRENTETCVET, LOLEDS. ZNSDEKEEICH T HEREN
BEGFHEZERICTZEIBEEIRCHEORBAZEINTVET,

B3 BREANICEFET2DNADEERERSZRHL T T DEERTITHL
TRAIEMICHER T 2R (BERIIFRS) 259280 )b-/S2YV—ILRUTIF
(PI-RUTZR) DFRE1990FER N SKT TEX LT,

ZOPI-RUTIFEBRFOERZ/ERIL CRUTI ML) TEHTLICE>TRHED
BLEFREREZHHISEHNGERUT7IFERERBLILVEEZITVE T, £,
BEOERDORIT7INMEICEY PI-RUT7IFEE QBN ESBMEICE>THER
BRANDHNENGER DR EZ R LE T, COBENGEADEREICL>TENE
TRRERCFORRHE. OV TIREANTECFHERBDORERICENZEEZT
WETIIRNICEONDMRARIS RELCENORKMBEEZELC. EHNE
EHOBERE - ERICEDNHEHFLTVET,

By the epoch-making developments for the technology of both diagnosis and measurement, various genetic information including the human genome sequences
and mutations is being unraveled. However, direct gene-regulating therapy by chemical drugs has until now remained in various research stages of chemical biology.

N-Methylpyrrole (P)-N-methylimidazole (I) polyamides are versatile sequence-specific molecules that can recognize and bind predetermined DNA sequences, and
we have been exploring the prospect of developing them as innovative Pl-polyamide drugs to control specific gene expression since the 1990's. We propose to
achieve effective specific drug-delivery by programmable DNA-binding Pl-polyamides, which possess good membrane permeability. We strongly believe that this

project will make a significant contribution towards specific gene-regulation and treatment by delivering Pl-polyamide conjugates. In the future, we expect that the
results of our Pl polyamide research will contribute to the development of innovative drugs, which will be licensed to pharmaceutical corporations.

E MoGRENEEERMICK D ZHREHEENEERDR L

Development of a series of advanced functional antibody drugs using techniques of specific modification to human IgG antibody

BREXRFE XFREIFHAR #R

Professor, Graduate School of Science and Engineering, Kagoshima University

BER AT o

SHONAAEERDERTHLNGBERI FAGHRRICTTEEM AR
ELTEBEINTVET A NGBEERDELRSEEZRSICIE ARHET
BT —HKEEDBHEEL - SHRALITNA UEBRDON R EB D FREBR
WD FDEBEZTNSNDBRDILADBETT,

ATOVTI TR BRI DOBVRISINET L MgGERF RN ICEE CEDHIR
NTFRHEAEEREREMERELEEDI T/ 2— D FERAEICIEREE5CL
T.BETEHREREZF O EDNFERDAIHZHNE I, R EESE
DRREENTI B HBERP A DK EBEZN D FIOH T MEERED
FARLEENTVET,

CDBHEIFENDFIFRNENTF F TR0 71 il c REZ R DER
KEORERF — LEPRZITNRTFRrIA M —ICEDV BRI ORES LU
NTFFEATA VIR ICEMER ORRERAT (MRH #UR) | HEHURDIn vivo
A A=D VI \DEFRERBDBCEHRE (EUFEN HRE)  BRENEDOERIET
iz #BEPin vivo CHIE S BIBFEET U KAt (BBER EEMRE) DM
FLOBHLTHEELE T, INSDF—LDEEET DT ETHERITHEVFTLNE
DHUFRFEDEBRMME —ED ST B ELHRENEDREZBIELET,

Antibody drugs play a leading role in today's biopharmaceuticals, attracting much attention as an effective therapeutics for various diseases. In order to achieve further their progress,
we need to further improve and diversify the effector functions of antibodies, as well as to explore new disease molecules targeted by antibody drugs and expand their application.

Based on a unique technology of new peptide reagent that can specifically modify human IgG quickly and efficiently, the project aims to create a series of antibody drugs with
advanced functions by connecting the specific molecules with the effector function to antibody. The project also develops antibody drugs for disease-associated target molecules in
brain and inner cell which have not been targeted by antibody drugs currently.

The project is jointly conducted by the research team of Kagoshima University, Tokyo University of Pharmacy and Life Sciences, Institute of Physical and Chemical Research, and the
research team of Kyowa Hakko Kirin. The teams aim to establish the technical foundation for the development of a series of new advanced antibodies.
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Manipulation of cell fate by multi-functional bio-molecules

BERFHRETATHYT / LHAREY 2 — #E

Professor, Institute for Genome Research, Tokushima University

ﬁ'ﬂ mﬁ *E (Okazaki Taku)

ERREFRREOREBICLV . FEDDFERENELENAFTEXRDMZHE
DAL LY E LI RE BN D FOREZBE I SRE P END FEHR
THMIBICEMZ DIFSIAEDEENERPTHEINITEDSNTVETH
B DF GFITHIHIED F) OREZE LS E2EED F O EHDD FOHEE
DINT VR EEDEFRD FORRIE UFILVBRHINTVEZELDD. HEY
EATIRWEEA.

HRXEDFICNT2EED FIE BEND FERRT SMROKEEZZL LS.
HZEVIEMOMBHLSZIFEHLENDODRZEEZENE L LICEVHREZRE
LET . FVELDDFORBEZREDSWVIEERENICHEIT DI EICEY &Y
SO DFMICOTIETHAMBOMEPRZRERFETHILONTRLENE.
BRABREICNTDIRAFEDRREICOLGHDEMHFENET T,

FHRTR DIERBTHLNFERIEKASH (REE RILEBER) £HN
LT EBOMRKRED FORED/NT VY AZRELEZTLICKYMBOKEE
BEICREIZODERKIMZRAETHLZEMELTT,

The advancement of biotechnology enabled us to create various kinds of bio-pharmaceuticals. To date, antibodies that block the function of target molecules or
label cells expressing cognate antigens have been vigorously explored. In contrast, the development of bio-molecules that activate the function of target molecules,
especially inhibitory molecules, has not been as successful as they were expected to be, so far. In addition, the development of bio-molecules that modulates the
balance of multiple stimulatory and inhibitory molecules remains little more than fantasy. By regulating the function of multiple molecules simultaneously or in a
step-wise fashion, we may be able to control the function or sensitivity of the cells of interest as we wish and achieve complete cure of diverse diseases.

The aim of this project is to develop fundamental technologies that enable us to regulate the function or sensitivity of the cells of interest by modulating the
balance of multiple stimulatory and inhibitory molecules.

BENFF/ T/ 09— EERE L EHNRBERY — EEV R T LOAIE

Development of innovative nucleic acids delivery systems based on polymer nanotechnology

RRIEKRTF ER{CFMIERT B

Professor, Chemical Resources Laboratory, Tokyo Institute of Technology

E IJ-I 1$ 7E (Nishiyama Nobuhiro)

SIRNAZDA ) IRKEIE AEROEERELTRELGTREEMOTVET
DRBBRBENEBHATSHITIT . DDSORENBERAIREGIE T IRE
ETIRAFFVERBELED FEFMALLDDSHRARENTOETH KA
[T ERELEKMHNREDSEELTVEDHRRTI HERERER. 25
TUNU—TEICKRABILH ARG REEZEDDS L IE B EGHEEE R HN(T Y
TIVGEBEDRICAIVIAAR Y AT LTH S EEZ BRRIT—&A4) IkEE
1DFOEEMENS L=y FPICRIREOEXEV AT LORREICRVBEATES
LIce INETOMRICKEI. I Z v FPICIEK BhchAERELMESNRZ
RYTEPERENTVEI . ZCTAMETIE. Iy FPICOKEE LTS ME
EESILROBODHRRII —REAFOECETEERBRRIMORARE LT
2=y PICICHIFAG Z LI K> TRIRISAD ARG A ) TRBEDDDS DR %
BfELE T, AREDOKEZFEDDSICE2HRD R CHEZEDAIL (TR T,
REGREOERARPS A ATV N ERNEREEEDHBRELERIC
TOTITERWVWEEZTVET,

Nucleic acid-based drugs such as siRNAs have a great potential as innovative therapeutics. It is essential to develop efficient delivery systems of nucleic acids to the
target cells; however, clinically useful delivery systems remain to be established yet. Recently, we have developed a novel siRNA delivery system based on a unit polyion
complex (UPIC) composed of a single molecule siRNA and synthetic block copolymers. The uPIC-based siRNA delivery systems revealed prolonged circulation,
tumor-specific accumulation and potent therapeutic efficacy after the systemic administration. In this project, we aim to optimize the chemical structures of
uPIC-forming block copolymers to enhance the delivery efficiency. Also, we develop elemental technologies such as novel tumor cell-targetable ligands and
environment-responsive functional polymers, and integrate these technologies into uPIC to construct a clinically useful nucleic acids delivery system. We are willing
to collaborate with companies and medical institutions towards overcoming intractable diseases and creation of new industries.
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Generation of transchromosomic rats that express human antibodies via chromosome engineering technology

EHAE REBAIFMRLY 2 — HEHE

Associate Professor, Chromosome Engineering Reserch Center, Tottori University

§ﬁ @7& (Kazuki Yasuhiro)

EbEBEIO7) (19 BEF S VAIIZ IR DAICLDE/7O0—F )UK
TERFEMIIMAEREFNE OO DERENFEMELTHATNTVWE T, HLlE
1997F S VRIOEY I VIR IAEREMICLVRERDE MBERFESE
RELEESEMGEEE T A VAERICERTHH THRIILEL. LHL
BHS EMERDEY bOATEFEZF D PATREEDIIRAICES TR EL
T2 ThHELZDREEICIVEICEEREILTEREEZISNE L e,
JER T RFomBICAFEMMNBR TENE KVLELGRRICTLTEH DA
BOMEIRE DRSO SEHNE TSy M7+ — LEMICEZEHFINE T,

AR TIE EMNgEBEBICEH2E (k. A IOV BREE N/ LEEF
DREREZFRFTCEDDIVITEOTRELGHROAIREHFEZHNTS Y
NEALSIZATSY N¢NRMKIGEGFEZRIET 5T RE2L MIKEES v
EERHLE T AMERRIZ. LD DOERELGEMIAZTIRIET5HDHR
DOEBFEMOBEIL. OVWTIEAHRANAAEZZ DB BICAETLERTESE
DEPRFEINET,

Monoclonal antibody production using transgenic mice expressing the human immunoglobulin (Ig) gene has become the standard technique for the screening of
candidate antibodies for medical use. In 1997, we succeeded in generating the first humanized mouse, in which the fully human antibody was produced, via
transchromosomic (Tc) technology. However, the stability of the human artificial chromosome (HAC) was not perfect in mice. Stabilization of the introduced human Ig
genes in mice using the newly developed NAC (novel artificial chromosome) vector may improve the quality of the humanized mice. In this study, we will generate
non-mouse rodents, rats, expressing fully human antibodies by transferring the human Ig heavy and light chains (k and A) using the NAC vector and by knocking out
the endogenous rat Ig genes. This study will be useful for the establishment of a basic technology to obtain safe human antibodies with enhanced functionality.

SRR DA RTE D R & Z DR S B

Development of innovative next generation cancer-specific monoclonal antibodies and clinical application

RIEKRF REREZFRMARR #iR

Professor, Graduate School of Medicine, Tohoku University

hu E% # EE (Kato Yukinari)

REROMAEEMRE TR DAAMBR/EESHRBLESBVRRNMENEEINT
WET SO U HAMBICEHERLTOTO EBEBICEERL TV S L A
EEOHEEBMRIENE L. T THRAR DAAMBEEERBICR—D7I/
BEFDODRZYINVEHNRRLTVWSSE REEEDBRBEMHDENZ
FAL DAMROHCRIST DMEERME R T HCasMabiEZ R LE LT,
COFEICKY AR RENTOBENICHLTH Fl i EE Rz RS
THIEDTEELT LOL FROBNICH T MEERDOREL S TEL,
BEONFAEERZEFADIELALTVIAERRICEEHRAZ LN RS
BUEL SR BEMEECPERRREOL S G 2<AREDREINT
WEVEAREDDAICT I BRARERZRE T HIENTREGVET, TTIC
BLlE RRTS 2Vt d5CasMabDERICRIILTEY. KR TS 2>
DUYNEPHRLEEMEOLSHEEMERICEERELTVSICEEDLST
RRTSZ VD BRBEIZHDAZARERTEIENTEET. ATOII VTR
BEOZHICHLTCasMabZRFELTWEET,

Although many antigens are expressed highly in tumors, those antigens have been removed from the candidates of antibody-drug targets because they were also
expressed in normal tissues. When one protein in cancer cells and normal cells possesses the same amino acid sequence, the post-translational difference such as glycans
should be utilized to produce the cancer-specific mAb (CasMab). The CasMab method is the platform to develop mAbs, which could attack only cancer cells. Importantly,
this method is useful for not only producing CasMabs against novel targets but also replace the existing mAbs into the side effect-free ones. Podoplanin, a cancer
metastasis-inducing protein, is expressed in many cancers, while it is also expressed in normal cells such as lymphatic endothelial cells and lung type | alveolar cells. We
have already produced CasMabs against human podoplanin. In this project, we will refine our technologies and develop CasMabs against several molecular targets.
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Technology development for obtaining functional and cancer-specific single-domain antigen receptor complex

RRERBEMNAT ok EMERT 8%

Professor, Medical Research Institute, Tokyo Medical and Dental University

E } I I 12 EIZ (Ishikawa Shumpei)

HEEDPARBREDENEDNBEE SN TETEY BENICDARBDEERRN

TEIOTWBIERDD O TETCVET RLIIHDAITRETS > /NEROM

RRBRAEROY =TIy 2 758 MERELTEY. DAEBDT/ L

V=V KYEERENGRRERARIERADORIDRREZTOT

WET RADHARITIV—TTRT/IVRRI)—Z VTR eEoTHARE

WHNRZAREFNDOEINDSHESEEZR 2LDERLELET &k

NEZRBERAAVZHHPEDEHIEICKIIVERNGHE - HRZFDOLDZE

- O e BUH L BEEARELTOPOCHEDEBZITVWE T IAEDT/ LY —T >

g VT DELVWEEILHEOVDDADRSAN—EEFHEHAEINTVNSICH

EhH5F ZDENTDruggableGEMIEZ LG BLENS FICTHLTEL

DEERMNMESNTVWEDDRR T RRAETIEYT/ LY =TT Dl

EEB DR TIY AN HEERRZBARES ORGLLTLTHREDERR
DODEEZLITOTCVWEET,

Cancerimmune therapies have gained significant attentions recently, and it has been hypothesized that the tumor immunity really works against cancers in our body.
Lymphocytes acquire various antigen-receptor repertoire by the genetic recombination of immune-receptor gene loci in each cells, and tumor-infiltrating lymphocytes
show their specific repertoire against tumor antigens. We are developing a novel method for sequencing such antigen-receptor repertoire among tumor infiltrating
lymphocytes. In this project, by combining sequencing technologies and functional genomics screenings, we are planning to identify antigen-receptors with effective
anti-tumor functions. Moreover, by combining such effective antigen-receptor domains, we will develop antigen-receptor complexes with synergistic functions and
effects against cancers. Incorporating the state-of-the-art technologies, we aim to identify novel cancer antigens in addition to the functional antigen receptor
complexes. We will aim to develop novel bio-medical pharmaceuticals against cancers depending on our new molecular insights into the cancer immunity system.

INAEERBFRRBDTCODERREF /> — I MTHRE

Deployment type nanosheets creation technology development for biopharmaceutical local sustained release

RIEKRTF REREFZRAZER R

Professor, Graduate School of Medicine, Tohoku University

I}E_I. EB 12 HH (Abe Toshiaki)

RLIZ R Z B CHRBLIEY BREZRBFANEET HRINEREZITOCER
LT BRREBDBEREZBERLUITONTERLLDTI D CORMIFLEEEETEL
HREENRICTCEE T FTROFKRIICHIMWEICEZRBITHTLEBRICLE
LTc BRTIR G GRIR ED SRR ZRRTBRBRERN VI TUNU =R T L
T RADSEMERENFHGHICRARRE TESL STV E LT BRERE
HEVRELHECT HEMNMCBISARETYT, ZOYRTLZRALTGEND
BIRRDNRBEND FEICHEOTVEY, INSIETHEREHDOIEZMERIER.
WELAFIAERIR. BRI OFEHHELOHEBRETITODNTEL L.

ESICSEIDEFHI/NA A EXERAHEBRRMBRAEBETIE INETORIiTZ
AL\ EXRZENICABICBAICRET SRIMEREZ BIELE . i
MIF/ Y= MEREHDISBRVERZBELTH AAAN-RIcEhEfk
BHGERRANTED T/ Y- rEGABFERRITRARZITVET . AV — I
BREDOEDNTENR ECFREP NI FTEEROEICGIFENERD LM
BELABETT.

We have been developing drug and/or cell delivery system. Although we performed these studies for eye diseases, these techniques will be able to expand other
organs. Because most of the blindness is attributed to retinal diseases, administration of some drugs to treat degenerating retina has been tried. Using our novel device,
we can perform sustained long-term drug administration to the retina. We have performed our work in collaboration with Prof Nishizawa and Associate Prof. Kaji
(Department of Bioengineering and Robotics) and Prof Nakazawa (Department of Ophthalmology).

We have also developed a biodegradable and transplantable sheet that can culture the cells using microfabrication techniques. We developed micropatterned
nanosheets that can be ejected from a syringe through the needle. It can be expanded to conform to the local space according to the necessity. The sheet is gene-and
drug-containable and is easily attached to the target tissue, which enable the target molecules could be released locally.
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Development of a novel drug delivery system using engineered exosomes

E#ﬁhﬁnt)@ BRZSFn ) FIZEVRRR V)L — 7
o FHFGAEARDE SRS

Research Fellow, Division of Molecular and Cellular Medicine, Group for Research of
Molecular Functions and Targets, National Cancer Center Research Institute

}:5; :é:ﬁf.l *EJ'_I:LI', (Yoshioka Yusuke)

26 B MBERSVAREERRAED N T EEZRERIBLAERREEZITT
& BY BANICHERTONTVET, LHL. NSNS T ERRIEREH D
i1 B EDEROMIC. BRHRISEE (FUNU—) SN TS THREERIELE T,
WO T NAFEERBEREOBINICIE. RS VT FUNY—2 R F [ (DDS) DFEIL
R BRIERICEBTT, bleLicbld. T4V Y —L (Exosome) LM ENBEE —&fE
o EETZ100nmIEEDAEETORFEDDSICSAT R ERRHTNET, TY
7o VY — LEBAGEBEI S BEN. D LB OEKRTEEREL, MICHER
B I BE2INTEREEMN /NS FRNATHZmicroRNA(MIRNA) & EDREE & NS
2% LTORET MY ERIcEET M RamERIF2@ENBIEIN

TWET . INEITIVY—LEMITAIET BEEDBBPMENNENIC
EE FEFREL IV Y — LAEFEREL. E5IC. mIRNARSIRNAGLED /N A ER L%
2 IOVY—LICABEE2EMBAREELTCN\AFTEERELZEH DEMRIC
EEMUE CEINFAEVATLOBEEEBIELTVET,

Currently, biopharmaceutical such as RNAi and antibody therapy is one of the most rapidly growing fields in drug development research. However, even though these drugs
may have potential and strong utility, difficulty in delivering these drugs to appropriate organs or tissues remains a major impediment to their broad clinical applications. We
try to develop a novel effective drug delivery systems (DDS) based on exosome which are small membrane vesicles (about 100 nm in diameter). Exosomes are secreted by all
types of cells and are also found abundantly in the body fluids. One of the main functions of exosomes is to transmit intracellular molecular messages through mRNAs,
microRNAs (miRNAs), and various proteins. In order to deliver therapeutic oligonucleotides such as siRNAs or miRNAs via exosomes to a desired cell type, tissue, or organ, we
plan to add (a) specific membrane protein(s) to exosome membrane and/or alter surface glycosylation of exosomes. We aim to develop a novel DDS based on exosomes which
deliver biopharmaceutical to target organs or tissues in a safe and effective manner through this research project to help many people suffering from various diseases.

AN BHREEETAHE/ Y a— T4V RNAE BV - BHMBIR TS5y k74— LODEE

Establishing innovative drug development platform with the novel non coding RNA enhancing protein translation

BCEMER 4 794 T AR MERMREL Y 2 —
Bl 4 —R ety / LETEFT 8RF9&

Deputy Director, Division Director, Division of Genomic Technologies,
Center for Life Science Technologies, RIKEN

jJ ) [/: 77‘ ° toI I:l (Piero Carninci)

SINEUPIZX. 20124 (Nature. 491:454-7.2012) ICRXI N LWL/ >O—
TAVIRNAT T  EEDHEMRNADS DRV NV BERAERET DY —ILE
LT HERARAENSRBERE CORLEWVW I r—aVItERATEEY,
SINEUP I #RETEIS(ED: Effector Domain)& #4181 (BD: Binding Domain)®
2DDRAALV THEREINETEDIFZ2VNNVERREZRET 2HEEFFD
FAAL Y T—ETHBDICXT L. BDIFIZHIMRNAT LI FENITEE T BLDIC
R ENE T 2V N\TEDORDICGER T BHEEICHTH LT RNAITIE LT BT &
DN TEFHEADSINEUPIEZDRBERBEIICT 7O—F§2TENTELT,

SINEUPIE iZREEFIFENICHRT TR2REHLNHIE T, T THAIE RN
SINEUPDECHRET AT D TSV b 74— LAEBRELTVET HRLGEER
ICBADZBIEFICHLTTDT Ty T7+—L%EBEBHBL.SINEUPICEZRIED L&
EUZITVET,

SINEUP is a class of novel non-coding RNAs (ncRNAs), which was reported in 2012 (Nature. 491:454-7.2012) . Since they can be used as a tool to stimulate
protein translation of mMRNA of interest, broad applications of it is expected from research reagent to therapeutic. They are composed with Effector
Domain(ED) and Biding Domain(BD). ED is the domain that has function of stimulation of protein translation and BD is the domain designed specifically binds
target mRNA. RNAJ theoretically cannot cure diseases that are caused by insufficient protein production. On the contrary, SINEUPs are the tools needed to
approach these unmet medical needs.

SINEUP needs to be designed specifically for target. Now, we are building up platform for SINEUP design, more effectively. Applying this SINEUP platform to
various disease related gene, we will establish SINEUP basis therapy.
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Development of an RNA virus vector system that stably expresses RNAi drug in target tissues and pluripotent stem cells

RERZF T A1V ARIGEFT #IR

Professor, Institute for Virus Research, Kyoto University

Eﬂ E l_g iﬂElz_ (Tomonaga Keizo)

REICHEISIECFERRENICHBCEZEGF AL VTRl
TRNATF 5 (RNAI) J IE RERDBEEL L CARER CHERSICLOENHISN
TWEY LHLGEAS RNAIBERRDERTHBHED FRNAZEKBATIC
MEMNICEX T HLELEBIC FRMICKREEIRMARDREGELL BRR
ISRITEATOEE Ao

AARRBECIIFIRM CTHERIVF VNN AZRMBLENI 2 -V X T L%
RAWT 1Z8E 284 2 WD IFIZTHIBENDRNAIB ER RO B2 EEIX G S U, EY)
ERAZIVYT CREMICRRSE2BRRINOREZTOICLZBENELTVET,

RIVFIAIVRIERNARID T A JVATH Y IZHHIB DA TR I B R %
TODEDFRNADRRICRBLE TSV b T4 —LEBVET RIVFUAILA
N7 2 — |3 HEMRZ I CHZDBEBMERNETEDELDIC IPSHIRPRIZE
REMENGECFEADNTRERMEDVAIANIZ =TT, RIVFTAIVA
ZRALEVAMIVARIZ2—E RNAIREELORRICA CERANGER
BifiE B2 EMFINET,

The clinical development of RNA interference (RNAI) technology, the gene silencing method that could control disease-related gene expressions, has been highly competitive in industrialized countries. However,
because there are some technical difficulties in the efficient local delivery and the long-term stable expression of small RNA molecules, clinical application of RNAi therapies has not yet progressed for the last decade.

Our long-term goal is to develop the breakthrough technology that resolves the existing problems on the clinical application of RNAi therapies and that enables to deliver therapeutic RNA molecules to the right
cells at the right time.

Bornavirus, animal-derived RNA virus, has a unique property in that it persistently infects in the nucleus of various-type of cells. This characteristic allows this virus to serve as a new platform of small RNA expression
vector system. Our study will achieve a breakthrough of the clinical application of RNAi in vitro and in vivo, and will provide a new therapeutic technology for the treatment of refractory diseases, such as
neurodegenerative diseases and cancers. Since bormavirus vector can be available for stem cell modifications, our system will also contribute to the regenerative therapy and aging medicine in future.

7 Ay MREBEEZERIETHAANY— MR T '/ AR

Smart chemobio antibodies design for unmet disease

RIERF RERTEMER

Professor, Graduate School of Engineering, Tohoku University

*ﬁ 5$ % * (Umetsu Mitsuo)

IWELDMRIFBEDFERLMEOH [ ZHEFE DT ENA A REZRY
HL BRBRZEETIVELTT VA MEREDBEND FE2—7 VM TEBE
Rm7A—RYNEREITHIEZBIELET,

BN FERZ MEANDEBLVMEND FERRELTEHREEREFNEZS
HODBENENRBREDOF 72— v MERZELSHED S ET FE
DEBNDHEEBIEDNELNRRDABHYET, — A MAERIT FNEFERNYE
DECEEEBNEBEERILHTEE I FAEINEBAICREEN.

=y FRRE Y SR I DB OIS EERICRONET. 2T RS

oty FEDFERICHAHROUBRNREEELES T L L REVEND FENSR
— ELTSRGIERBFERFI TESENDFERICHRELNLDOB O ENHRM
EAA Samemmss ENETBTLICIOT BRARRETTIVELTT Y Ay MERRDENHF

ERFT=HIVERR

ENRICTEDNRULERNEDLZEER T+ — Y MTENAFTHF) ZRE
TEBEEZF L AMETIE 7V AY MEEHTOHHBETRRNEETHEE
BREEEETIVELTC ZDEAMERIELTVETY,

In this project, we propose a novel medical molecular format which has effective activity for unmet disease by conjugating low molecular organic medicine with
antibody fragments. Low-molecular medicines can be designed for targeting various molecules present in and out of cells and they have various interaction with target
molecules to express various function; however, the affinity and specificity of low-molecular medicines is so low to lead to off-target reaction. Whereas, antibodies have
high affinity for target molecules and its specificity leads to high accumulation on a specific tissue, but the antibodies are not functional in cell and they only have the
functions of neutralization and cell cytotoxicity. Here, we conjugates the effective fragment of low-molecular medicine with antibody fragment to construct a medical
molecule with novel structural format (chemobio antibody), which has the same targeting capacity and functionality as low molecular organic medicine and further
has the same affinity and specificity for targets as antibody. Here, we generate the chemobio antibody for kidney disease as an unmet disease.
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Development of next-generation humanized mice for pre-clinical in vivo testing

LSS HAEREREHEL Y 24— b LEE
ETIVRARIIV—T V=T 7402 — « ZEMAREE
Group Director and Chief Scientist, Laboratory for Human Disease Models,

Center for Integrative Medical Sciences, RIKEN

E } I I Y j% (Ishikawa Fumihiko)

A ERR GRERE- R TF - FI1AY Mrd) 1, EEREHERICHL
L BEELNARES L CORBHEESNTONET, UhL. ZOMBOHfEA
G R ER DRI BN TR RSN b CHBYEC A ZO 5. XD
TR <L E RO FICH § BRIEITSTE T, & MECES DB LS
BRI R A RIS B &% 2 5NET,
COESHE BN S, A B, C R DM SR T LETIRICERTBE b
(Lo RABRLTEE L, 1 0L EICE RS R b - oM fE B B
E OB MBI . DS IR DL B BT BT LT < ZDEI
€ RO s A 7 LM SNE T,
S )\ A ERGORIEAE TR T Bb, & KA TR BB LS 3 D0
pe T EEAEEI R L C R R DREE 5 A B B8 T X L5 R ar R -
-5 S5 (bR E i LR EME LCHIg A EMLE T Fit e ME D REBNT, H
i BEENE FOEMBDL FDRES 25 Le EDLSIAERS B I B I
J gﬁg: BT 2B EEENLSICERTERNICOVTIMETENIE WEREN
— S N B\ 4 ER B0, BRI C RN B 7 v 4 R L Cfi B 513
""""""""""""""" S BB BRI DBRE L. B o b DEE B DL BETNET,

Development of antibody drugs, vaccines/adjuvants, and cellular therapy is expected to help improve outcomes in various human diseases. Nevertheless, accurate prediction of therapeutic efficacy
as well as adverse effect is not always possible in experimental animals such as rodents. Direct examination of human cells or human molecules should lead to safe and efficient drug development.

Based on this, we have been creating a xenograft model called “humanized mice”. By injecting human hematopoietic stem cells into immune-compromised NOD/SCID/I12rgKO mice, we have
successfully reconstituted the recipient mice with human acquired and innate immune system.

In'this project, we aim to develop “next-generation” humanized mice that enable reconstituted human acquired and innate immunity to interact each other resulting in the antigen-specific human
immune response in vivo. By using the humanized mice, we will evaluate how antibody drugs or vaccination can target human diseases or to elicit antigen-specific immune response in vivo. Through
the in vivo examination of bioactive agents using humanized mice, we would like to help pharmaceutical industry to facilitate the drug development.

RN A EERE BIELES F B REFIEO BRI R

Development of manufacturing technology on small bispecific antibody for next generation biologics

= BB s A4 e —— g S 7
RRELIKFE KERIFEMIER A2
Associate Professor, Graduate School of Engineering,
Tokyo University of Agriculture and Technology

5% ﬁ ;Eﬂé, t EB (Asano Ryutaro)

INETIKARRRESHHEL CELBEDF _EREMNKERE Y —XTHS
ESIFEAARTRETIVICRIFZEN BRURAIC T BREEZBLT
WBTLERBLTERLLA BIFOREKM TR REET O RAZRIEAD
TELIFTEFHATL L BIE E VR NIEH o (CHARITR D EH G BB
EHNTHIENTENR . CDEBDHGESTRKDED FRAERDEAL
EIHRELZCEDBFTCELE I . ATOII TR KVERALICELEEDF
FEt BGFREEEALCHMENRROSZEL. 7T VL ZRALILEME
BHRH OBIDSEDF_ERREUENAORARICRIEBRMBAREZEDT T,
BEBEMELTUIABNICABVOSNTVRZRBEEEESICMA HiRX 2>
INTBEDDMEEICBN. IV VERGVWCENSEIR N TORIE
TOEABREIVBETCESTLVENFIVAEZRWV T HEDRFEEEED
BROSEBELGBEELREAEOREZES MENMRRORBE LS EBEE
DHEINERFEETEET,

We have confirmed the in vivo anti-tumor effects of Ex3, a small bispecific antibody with specificity for EGFR and CD3, and also confirmed its stability
enough for formulation; however, we have not yet established an efficient manufacturing process for applying it as a therapeutic use. In other words, if we
develop an innovative manufacturing technology, it will be expected to accelerate a practical application not only of Ex3 but also of other small therapeutic
antibodies. In this project, we will develop a manufacturing technology for small bispecific antibodies in the points of view of appropriate molecular design,
optimization of microbial expression, and efficient purification using protein L. As an expression host, in addition to Escherichia coli (E. coli) and yeast which
have been generally used, we will use Brevibaciflus which leads to low cost production because of no endotoxin production. After selection of promising
combinations of host cell and format, we will further try to enhance the productivity and establish efficient purification process.
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Development of the technology for synthesizing VHH antibodies with high affinity and stability based on a novel repertoire of genetically encoded amino acids

AL STIER 54 7 A T AR REHE L5 —
BE SREMFHN £ FHERRI IV -T JI—T74L 75—
Group Director, Bio-Functional Molecule Development Group,

Division of Structural and Synthetic Biology, Center for Life Science Technologies, RIKEN

i)i zk ﬁ% 1,F (Sakamoto Kensaku)

VHHIUAIZ SV 2 DEHEDRREEE XA V2 IWH LD F T 2> )b-
FAA Y TEBAENTOTCBEDRAEICLENTAFEIFI09D 1 UTFDNEE
TI . MEZBEEEVDOTHENZAVEEICELTOVET, INSDRFEDL 5.
HRNEPREEENEEDONAIVORRICER CTHAELBITBEDHHED
EAAEZEALER ST COERIBEFEINTOET . beLicbid,
HROT7I/BEMAATHEBRZA 2V INVEBEEER T BREMZR>TEY.
O VHHAER DR RICED LTcWEEZXTWE I HRG 7 /Bl /-~ —
FEATIZ EORBICH L WVEREZRBECESLINTOET HRT7I /B
DFRZEDNLTCVHHRADORM MR L. ERAEZRR T2 RIMOMHKE
TOET. DEEKBEELTRERAS (RFIAEL) EROEKRAS TN INHOTL
LT HRORITIEARBEOARAREZHRIOETIT S EICEDOTIREL T,
ARREDENIE BRI DOVHHIADRRE TIE G ROEERBRICOLEHS
CEERELLERMBBORBETHY HEINLEMHDLFAINSGILZE
HELTVLETY,

A VHH antibody is a single-domain protein ten times smaller than IgG, consisting of the antigen-binding domain of a certain-type of camelid antibody.
VHH is expected to be applicable in medical and diagnostic areas that are not suitable for IgG. Here, we plan to develop methods to improve the affinity and
stability of VHH and thus facilitate its industrial use, by exploiting a novel repertoire of amino acids. Designer amino acids can be incorporated into proteins
at desired sites, to improve, modify, and change the properties and functions of proteins. Such synthetic molecules have been made available through the
many-year quest for “artificial genetic codes” by Dr. Sakamoto and his colleagues. The primary goal of this project is more than developing individual VHH
antibodies; we intend to develop the platform catering to pharmaceutical and other industries, and the participation of researchers from Ajinomoto Co. Ltd.
in this project is appreciated in this regard.

SREEBMDOSIRTF RFRINEIL T4/ BEDDSEATOBERS A 1 R

Development of a novel muscle-directed DDS for peptide-conjugated morpholino

BAREMKRE KZEREFZHER B

Professor, Graduate School of Medicine, Nippon Medical School

ﬁﬂ E ﬁg‘j E (Okada Takashi)

BYANO T —ERRICTKBEERRICLDTIV Y - ATy TRENREZIN
TWEY, ZLEYGDDSH L EBRELZSCERHDABENRNATHT
HY BEREDEBRICHESEENEIINET,

BV EERNE. BRHEREE L DEIPAN G KBEELDDSESED
BEZEZRELTVET, B - SREERE T2 —SEMEr (EAEM
ER.KHB—FAR) EOHEFMHATICE) HELENDOEMEH ICKSABERELE
HEBIZEELET,

INETORRELT. BREBHIERMEDHDAAVEHRZEH FDELE AEE M Z AR
LEL e .aLWE2 & BEMREZMAMLUIEP-PMODREREITHIILE LT,
(Nano Letters, 2015)

SHEOEBELT UEZEMOBRICL ST R AREEE T BRELSE
BRRBHANRIICP-PMOEZFETHIENPAFINE T CNSDEREGAL.
IV AF VT REOARBHRALEZEERLET,

A considerable amount of attention has been focused on the oligonucleotide-based exon-skipping therapy to restore dystrophin expression in the affected muscle
tissues of Duchenne muscular dystrophy patients with promising data obtained from a series of world-wide clinical trials. One of the current concerns in the
oligonucleotide-based approach is the limited efficacy in the skeletal muscles including diaphragm due to a lack of the adequate drug delivery system (DDS).

To address this issue, we have recently demonstrated an innovative work published in the Nano Letters (Ezzat and Aoki et al. 2015) to state that self-assembly of
nanoparticles is essential for receptor-mediated uptake of the peptide-conjugated morpholino antisense oligo (P-PMO). In addition, we also successfully established a
large-scale manufacturing methods for the muscle-directed AAV type 8 (AAV8) empty capsids as a candidate of a novel DDS (Kinoh and Okada et al,, unpublished).

Here we would like to extend these works to the establishment of a novel muscle-directed P-PMO in combination with AAV 8 empty capsids that are being
developed with the Japan Agency for Medical Research and Development funding, to realize a safe and effective exon skipping approach to treat DMD patients.
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Development of siRNA conjugates with tissue-specific delivery functions

I B K5 REBSREMRZ R 8%

Professor, Graduate School of Applied Biological Sciences, Gifu University

J: ﬁ % 1: (Ueno Yoshihito)

BEEZE FFISSIRNAEZRIZ ZOREEEZE2RDOR IO SR ERDIRH A
BHELTREHFINTOEIT D EFRATORREME LR, BB
DMEMZIXRENRELLY REEZERELTHICHTVWREDRBHIE LA,
AT7OTVIV TR SIRNAEEDRAIHZ BN E L IRBAEDNET2RELFL
WMHEEFONERARITEALT. 1) sSIRNAICHRIEFEBHZHEL TEFATE
ZEGSIRNAZRIH L, 2) PAMBEREICBREREELTV SRR ZENELEL
{LEME/N1OY bR FELT LRREISRNALEAEDEZZLICE VTV
THENEEREEICENTSIRNAERDRIEZTVWE S AT7OI TV b THE
ENBLFEMSIRNAIG X7 L7 —EM R TN EABEEZRF>TLS
DT SHEOMEICKY AT BLigandERIRT B &LICKVREERBPDONA
HREANDBERNGEENAREGV RLABDAICKHLANTREEDS VL ER
WEMOABICEDTENRAFTENE T,

Small interfering RNAs (siRNAs) have considerable potential as therapeutic drugs for intractable diseases such as cancer because they can be rationally
designed and synthesized if the sequences of disease-causing genes are known. However, several barriers exist in the therapeutic application of siRNAs.
Unmodified siRNA is easily degraded by nucleases existing either inside or outside cells, does not readily cross membranes to enter cells, and can stimulate
the innate immune system. Development of an effective drug delivery system (DDS) to deliver siRNAs to the target tissues is also one of the critical issues in
therapeutic application of siRNAs. In this project, to overcome the above problems, we will create chemically modified siRNAs that are resistant to nucleases.
Furthermore, to impart DDS functions to these siRNAs, we will create siRNA conjugates with tissue-specific delivery functions by covalently conjugating the
siRNAs with ligands for receptors overexpressed on cancer cell surfaces.

2> 1B\ EE S OB OB D T OB - 518 BE 2 7 LORIH

Development of a glycosylation analysis and control system to manufacture functionalized glycoprotein products

BRMIARTE XEREMERFHER #R

Professor, Graduate School of Medical Life Science, Yokohama City University

“ I l‘"ﬁ j_ j— (Kawasaki Nana)

BRI\ VEDEETDIE. A B BWEREICI>TEHTEIED
HMoNTVWET HEEAEH—MOLTHIT. ERXRDOEY, ARBE, BERM,
MEBHNEFNEERSICHEL BRELT.BEOE -Z2HICREEZRITT
AREENBIVET . ZDH . BIELETIRE - BENE - Z2HDOBRICHER
FEHEBELZBESNCL. ZNEBETIHBEABERIZENEETT, LH L.
WER > INEOREHDBET P BE TR - EBAEORRICIE. EXEEREER
NMRETYT. ZDfs, BEOBE - TEMRT. RUIREREEARRIC.HDDEH
THABVATLORELNRDSNTVET.

BETIIAE. ZHBERBEMH S RUThermoFisherScientifickk X &1t i&.
LO/MSEZ IOV A L xS EHEOBF-EBVRATLZBAELET. ARHH
EARREZEEESRZIREG HIE MEREICE T PEHEBYATLD
EAME VVIIVI—RAIN=T 21—V VIR T LERBVWCRIILEY, 7AYok~
DEMICEY) FEEEBEA ARG IRENEHIN. EFNEL Y NNJENA L
EXROBENMIMESNDEHFINE T,

Carbohydrate moieties in glycoprotein products are heterogeneous and can be altered depending on the variations in the manufacturing processes. Changes in the heterogeneity possibly affect
their activity, half-life, immunogenicity, and physicochemical properties, and can consequently have harmful impacts on the efficacy and safety. Therefore, it is crucial to understand the
carbohydrate structures for ensuring the target quality, efficacy and safety and to develop the appropriate control strategy for manufacturing glycoprotein products. However, glycosylation analysis
and development of the glycan-control strategy are expensive and time consuming, and therefore manufacturers desire the automated and rapid system for analysis and control of glycosylation.

Yokohama City University, Mitsui knowledge industry and Thermo Fisher Scientific develop the glycosylation-analysis and control system, including LC/MS and an algorism. Using single use
perfusion systems, the Kihara Memorial Yokohama Foundation evaluates the feasibility of the system for manufacturing mAb products. The success of our project will provide a
glycosylation-controllable manufacturing system, and it will facilitate a development of glycoprotein products.
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Development of novel technologies for multi-modal imaging and quantification of bioactive pharmaceuticals

L Z2HZCFR 54 7 A T AR MERET 2 —
o 2—R £ e EIN A X — 2 > V&R BP9 R

Director, Division Director, Division of Bio-Function Dynamics Imaging, Center for Life Science Technologies, RIKEN

5}% i% %:\g E (Watanabe Yasuyoshi)

NAFTEERIIREZ—T Y IDFEEDNBVILHL S BEEEDODEL
ERZRBIHLHMPFINTOE T TORRICII, /\42’[%.:.:75\{“%*‘51\/&
ELKEBLBEZREBLIVWSILZARILL.GBECERTSHILNEE
TYPETAA—I VT ECTRF Y Y DL ICERDEGFRAIF EZEHEDES
CETEBDFETRBONGVERGERERIEREZSIEHTILNTE
FT.ARARTRH BEDOEL) 7« (BREREM ZAVCERRNDNAFTEER
DHEZERITIRMEBEZRBRITZILT EMBEDORVAIRIL - EEFTR
BEifizARLET BEOBREED FENAFTEERICEATSHICIE BLEF
DILEREMTRITDTREBVERA T TERARTIE BEICISC T HEIC,
HERIC RIS, Z DU ED(EFEMZ . B, N\ A ERZOR—EMICTEA
TERMERKELET, COBMICKN NI TEEROREELGRBRINZITAS
FDCRERADERZEATEHIET NI FTEXEROMELZRENICALELES
TEDFREBDEMFINT T RALGNAFTERRICERTRGRTERE
BEL.7A—/NURFIT 5B ORARERMORAIEZBIELE T,

Biopharmaceuticals (Drugs based on biological molecule(s), such as antibody and nucleic acids) show good therapeutic efficacy due to high selectivity toward particular
disease-related targets. In order to accelerate development of this ideal medical technology, the distribution and dynamics of biopharmaceuticals need to be visualized
and quantitated in living organs of our body. We have been developed diagnostic technology using positron emission tomography (PET). PET is a technology capable of
visualizing distribution of a molecule labeled with short-lived radioisotope. Although PET imaging is a powerful method, combination with other diagnostic technologies,
such as computed tomography (CT) imaging, gives more informative data than that obtained only from PET imaging. Thus, obtaining images simultaneously from
different modalities provides us accurate information on state of disease for diagnosis. In this project, we develop a method to combine different diagnostic technologies
(modalities) through establishment of a method for multiple chemical modifications of biopharmaceuticals that are applicable to multi-modal imaging.
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Spatiotemporal visualization of biopharmaceuticals by whole-body/-organ imaging with single cell resolution
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ARETIE NAFTERROERSDFELTOEBEERZARICTERL.CUBICE
ERWDIETEERTEEBRIL A A =DV T HEHIMICKDNAFTERROERNE
ERFINA T4 ORRICHVEHE T, EENICIE ARICRS SN\ F
EEGHAEBADEDLSGHMICHELTVALOERESHICT BfcHIC EE
DINAFERZERGZERTHRETZFE KTV T FIVOREFHEZER
BREFET BODOMBEKONEREREMBHEDERTET2B8U DTS
FTIVEEEICRESTREGERERREZBRELET. X RAETFICHAZ /N
BAI—RETNLR—F2—<IIAPHEBOR—ILI U MRERrEBREBEAL.
NAFTERZDVITFIVEEREDERTET NAFTEZLHNER T S MEE
DEENAIREEREREEIILE T, Bl IEEDBERT Y ) I %#1TS
CET A FEERDEBERENICEDLSHARNBEZLERIT HERESH
KL NAM A EERDERNEEL BT T HODEBREEZIET I ULEDLSKE
INAFERZDERBIERITNA T4V ERRTBHE T HFIZELTD/N(F
EEMA R B EREMEREIILET,

Biopharmaceutical industry wishes state-of-the-art technologies such as a comprehensive and high-throughput analytical platform of in vivo dynamics of biopharmaceuticals with
cellular resolution. We have recently developed 1) whole-body/-organ clearing protocol, 2) whole-organ/-body imaging with single cell resolution, and 3) computational analysis pipeline,
termed CUBIC (clear, unobstructed brain imaging cocktails and computational analysis). CUBIC preserves the fluorescent signals from endogenous reporter proteins, and is compatible with
a whole-body/-organ cell-nuclear counterstaining and a whole-organ immunostaining. Since biopharmaceuticals can be chemically crosslinked with endogenous adjacent proteins via a
conventional PFA fixation, CUBIC is potentially applicable to visualize spatiotemporal cellular distributions of biopharmaceuticals. In this project, we aim at developing a novel analytical
pipeline of in vivo dynamics of biopharmaceuticals based on the CUBIC technology, such as 1) multicolor detection of various kinds of fluorescent-labeled biopharmaceuticals, 2)
superposition of biopharmaceutical distribution and nuclear/fluorescent protein/immunostained images, and 3) temporal in vivo dynamics of biopharmaceuticals.
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Development of core technology for therapeutic xeno nucleic acid aptamers
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H— (B FERFEMITHRREKEL LY PAPRRSERTIEILHETEEIETE R
FEBENA AT —H—HPRETNTVE T £l 7IV7RBEORBY/O—/\I
{EITEEVPM2SICEENDERMEL. MABRRICEENIEEEDEELEY.
MERSOEFIAIVA TV IR SARSIOFIA IV AEN BEEBRELT
BYDDHYET, BICIZMICH L TRENITES IBL 72— F rEEICAIR
THREMDEARIPBHKE LG O>TVWE T AARTIF. EEAREE (XL T7—€
M) BNV / B THSLNA(Locked Nucleic Acid)hh 5453/ %
T 7R —DRIEEREITLE T, T5IC. SOMAmer®|lc KR SN B iE RSB -
HAHrEDHEDTET.DNAPRNAKG EDKABIKEE 7 T A —CTHRELEHEO>TWVD
BEZHRMEORAETRLUIcELVVaVRERCICHEL. C/ KRBT 23—
BIRDEBREMERIILET, REFAELT.7IVRRTOVEERBRES IV
ATAVIEREI —H—H1ZME LT T2 —RBRE - SHEOBREATVET,

Nucleic acid aptamers are single-stranded DNA/RNA molecules that can specifically bind to their targets, similar to the function of antibodies; they are
expected to be applied to therapeutic drugs and diagnostic agents. Recently, technologies for biomarker discovery in our country have reached the top
international level; various biomarkers related to diseases, such as cancers and various circulatory system diseases, are being discovered. Therefore, social
needs for methods to specifically detect and inhibit these targets have arisen. In this study, we are attempting to establish a core technology for therapeutic
nucleic acid aptamers containing locked nucleic acids (LNAs), which are known to exhibit enhanced biostability, that is, nuclease resistance. Furthermore,
we will combine those xeno nucleotides with base-modified nucleotides to expand the structural diversity of nucleic acid aptamers. As an example, we will
develop therapeutic xeno nucleic acid aptamers for adrenal adenoma and disease markers of aldosteronism.
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Development of the methods for high-performance isolation of T-cell receptor (TCR) like antibodies against intracellularly expressing tumor antigens
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DAREBBIEDORE TR DAMBORE CERNGRRZ RTRESFH
BHELTRIATNET. AR TREISMRD FICF DAMBEDOH TR
THDARRIP DABBEERTHBIETRIRTZLDD. KNAMBTEDIC
BURRHIRRENZIDARERRINEEL.CNSZGDOE2 LB EESE
NEDHRARESNTVE T, L L. INEDHA (BBE) RRDIFEEALR
HIEATOHFEBELARKRETHERELGWIENS MREADSIER T 2BEA
REDBERNDFELTRBEEEWVWEEZISNTEEL LT, TDRER BHRED
MBEVSKEGBEENHRNAEREROBARRIS T ERIETNTVET,
LOUMRER S Y NI B THOTEH T D—BRIFMENTF FELTMHCY S RIAF
CEEBELRTHETHRREICRTENDGIEDS. CODEERZRHT S
THEZBE(TCRIFNEDHABICEIENETO>TVET AMETIE bhbh
DINETICHRELMERERBERMNZ SSICEL TS TCRERMADERZ B
ez % L BUSENTCRERGUEZ B UL T DA AMRRICH 32 BE D
OOy —XDEFEEBELES,

In the development of the therapeutic antibody for cancer treatment, an antigen molecule showing selective expression on the surface of the cancer cells
is usually chosen as a target. Since the majority of such cancer (-related) antigens are only expressed within the cells but not on the surface of cancerous
cells, it has been believed that those antigens are not suitable targets for cancer therapeutic antibodies, which ultimately cause a shortage of target antigen.
Recent findings indicate that a part of peptides derived even from the cancer antigen only expressed within the cells are presented on the surface of cancer
cells by forming a complex with major histocompatibility antigen (MHC) class | molecules (cancer pMHC). The use of the TCR-like monoclonal antibody (mAb)
recognizing such a cancer pMHC attracts attention due to its potential on the recognition of intracellular cancer antigen. In this project, we aim the
development of the reliable method for generation of TCR-like mAbs and explore the possibilities of deriving seeds for cancer therapy.
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