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Synthetic studies of glycosylated dendrimers (V): synthesis and
evaluation of GIcNAc-containing dendrimers.

(!Graduate School of Science & Engineering, Saitama University, *Advanced Institute of
Innovative Technology, Saitama University, *Strategic Research Center, Saitama University)
O Aya Tomiyama', Takahiko Matsushita'>?, Tetsuo Koyama', Ken Hatano'*?, Koji
Matsuoka'??

Keywords: dendrimer; carbosilane dendrimer; N-acetylglucosamine; Lectin

In general, the accumulation of sugar chains in vivo results in a strong interaction for
proteins, and the interaction is expected to be applied to drug delivery systems (DDS). In
DDS, by binding a substance that specifically binds to sugar chains to a drug, it is possible to
inhibit viruses’ entry into the cells and other substances from binding to the sugar chains. To
accomplish the objective, combine of a substance that specifically binds to the sugar chain and
the drug is one of the methods.

In this study, we focus on carbosilane dendrimers, which have been rarely used, as a
method for densifying sugar chains (Fig. 1). The carbosilane dendrimers have high stability
and low toxicity to the human body, and we believe that the dendrimers can be used in
pharmaceuticals.? In this report, o-glycosidic GIcNAc (a-glycosidic N-acetyl-D-
glucosamine), which has few findings among functional sugar chains, was selected as the sugar
chain to be introduced into the carbosilane dendrimer (Fig.2).

A scaffold was synthesized from tetrachlorosilane, and a-glycosidic GIcNAc with
propargylic moiety was prepared by means of Fischer glycosidation. Coupling reaction of
these compounds gave the desired compound successfully, albeit in low yield. The biological
evaluation of the multivalent-type compound with lectins was conducted. The results of these
syntheses and evaluations will be presented.
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Fig. 1. Structure of carbosilane dendrimers Fig.2. Synthesized compounds

1) TP, SRR, R, FaRmi ),
HARBRK, Bz, ILARN, BEKY, &2 i X2, 60, pp. 561-568, 2003.
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Synthesis of oligosaccharides related to human influenza virus
inhibitors (VI) ~Construction of trisaccharides~

(‘Graduate School of Science and Engineering, Saitama University, *Advanced Institute of
Innovative Technology, >Strategic Research Center, Saitama University) O Kaito

Takanezawa,' Takahiko Matsushita,>* Tetsuo Koyama,' Ken Hatano,"** Koji Matsuoka'??
Keywords: human influenza virus inhibitors, Glycopolymers, sialyl oligosaccharides
Influenza is a serious infectious disease - - y \
worldwide, with major outbreaks occurring y, R [ loflusnza !

virus

every year. Anti-influenza viral drugs !

1 ' . inhibit
currently used in the treatment of influenza 1adheslon inkE 'OVM

inhibit the spread of infection by inhibiting the —_— T
chain C[,[g @9" 7
cells. As to the nature of their inhibitory Cﬂxf?? T collular )
!DJD & membrane (f(ﬁ)(f ('HD I (f

drug-resistant viruses, however, has become a Fig. 1. Diagram of inhibitors
problem”.  Therefore, it is necessary to

budding of influenza viruses from infected

O:.
O:.

action, the emergence of genetically mutated

develop a new therapeutic agent with a different mechanism due to action from present antiviral
drugs, and we planned to synthesise an inhibitor that prevents viral adhesion (Fig. 1).

The research objective of this study is the efficient chemical synthesis of sialyl a(2,6)lactose,
which are recognised and bound to human influenza viruses when they enter the body, and the
polymerization (accumulation) of the sugar units, in order to develop a potent inhibitor of
influenza virus infection by means of the strong molecular recognition function derived from
multivalent binding. To accomplish the aim, we selected to use inexpensive D-lactose as a
starting material. Thus, lactose was converted to glycosyl acceptor 1 as the diol-type glycosyl
acceptor in six steps, while sialic acid was converted to glycosyl donor 2 in three steps. These
derivatives 1 and 2 were subsequently glycosylated to produce trisaccharide 3 (Fig. 2).

OH_oH 6 steps OH_oH

OAc COOMe
AcQ....
D- Iactose ACHK ()

> . Aco OH o 0OBn
QO BnO
O on coon 3 steps oAcCOOMe BnO 0% OBn
HO OBn OBn
AcHri” o7/ oH & AcHN" S(CH2)11CHs 3
N- Acetylneuramlnlc acid _J

Fig. 2. Synthetic pathways

1) M. Nagao et al., Design of Glycopolymers Carrying Sialyl Oligosaccharides for Controlling the
Interaction with the Influenza Virus. Biomacromolecules 18, 4385-4392 (2017).
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Evaluation of Viral Glycan Recognition Using Glycan-Modified Diamond Electrodes
(Faculty of Science and Technology, Keio University )O Yutaro Tanaka, Hayate Kato, Takashi
Yamamoto, Yasuaki Einaga, Toshinori Sato, Teruhiko Matsubara

Currently, RT-PCR and immunochromatography are generally employed for the detection of
respiratory viruses. However, there are problems such as a risk of false negative and low
sensitivity. Electrochemistry detection offers advantages such as immediacy, high sensitivity,
and simplicity, making it a promising alternative for virus detection. Influenza viruses(IFV)
infect host cells by binding hemmagulutinin (HA) to sialic acid, while SARS-CoV-2 has also
been reported to bind sialic acids and sulfated glycans via its spike (S) protein. In this study,
we developed a biosensor by modifying boron-doped diamond (BDD) electrode with glycans
obtained by saccharide primer method. After incubation the glycan-modified electrode, HA,
IFV, and SARS-CoV-2 S1 protein were detected by electrochemical impedance spectroscopy.
Keywords : Influenza virus, SARS-CoV-2; Glycan, Electrochemistry, Boron-doped diamond
electrode
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Fig. 1 Preparation of glycan-modified BDD electrode for virus detection.
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Development of SARS-CoV-2 detection method using silica microparticles with peptides
identified by phage display selection (Faculty of Science and Technology, Keio University) O
Wakaba Morimura, Nene Suzuki, Toshinori Sato, Teruhiko Matsubara

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) spread rapidly all over the
world since 2019. To reduce the spread of the virus, the development of rapid and simple
detection methods is required. Previously, we identified a 15-residues peptide (C1R4-06) that
binds to spike protein on the surface of SARS-CoV-2 by the phage-display method. In this
study, the C1R4-06 peptide was synthesized, and silica particles were modified with the
peptides by click reactions. The peptide-modified silica particles were mixed with pseudotyped
SARS-CoV-2 on round-bottom 96 well plates, and aggregation was observed by visual
inspection. The particles were able to detect SARS-CoV-2 within 10 minutes.

Keywords : virus detection; SARS-CoV-2; Silica Microparticle; Phage-display Method;
Agglutination Assay

A IV AEYE DJER 2 W 25 T2 D121, BUE O E 2R HE OB N LB TH
L. ZIETICHUIREETIE, 77— VHRiE% VT SARS-CoV-2 DR M I /F7E
TDANA TR UNTED S T =y MIFEET HXTF NOBRBEEITV, 155k
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GoStix Value (GV) DKE T, 7> 105 W HERFFTHRTH Z LN TE -,

3
Click reaction A § t =)
W —> - ~ A4 _ v
8 — gsh
S1 binding peptide / =3 '
& <
(C1R4-06) @/\/ pseudtyped
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Synthesis of Universal Red Blood Cells Covered with Polyethylene Glycol to Mask Blood

Type Antigens (Faculty of Sci. and Eng., Chuo University) OYuri Ishibashi, Mayuka Fujita,
Teruyuki komatsu

Blood type is determined by blood type antigens (A, B, and RhD) on the surface of red blood
cell (RBC) membrane. Administration of different blood-type RBC preparations may cause
strong immune responses. Although RBCs conjugated with polyethylene glycol (PEG) to mask
blood type antigens have been reported as universal RBCs without blood type, the details have
not been clarified.!” The aim of this study is to synthesize RBCs conjugated with PEG by
thioether bond (PEG-S-RBC) and amide bond (PEG-RBC), and to clarify their structures and
O, affinities. In blood typing test, no agglutination occurred with anti-A, anti-B, and anti-RhD
antibodies. PEG conjugation prevented the antigen-antibody reaction of blood types.
Interestingly, O, affinities of PEG-S-RBCs and PEG-RBCs are equivalent to that of RBCs.
While PEG-S-RBCs deformed to echinocytes, PEG-RBCs maintained the disk shape and
exhibited high storage stability. PEG-RBC is expected to be used in vivo as universal RBCs.
Keywords : Artificial Red Blood Cell; Blood Type; Blood Type Antigen; Polyethylene Glycol;

O; Affinity

IR 1T AR I ER (RBC) I 11 12 & % M i B HT R (A BUJR. B B, RhD HUREZE) 12 &
DRE D, EA RBC ®AI O GITRNREICEZ S SR TN H D, Mm%
Fl=7p 2 =/"—4 )L RBC & LC, RV ==F L7V a—/(PEG) CILIERIHIR %
JEHE L 7= PEG #54 RBC 23 SN TS H OO, ZOREMIZH Lz ST
120 ARWFZEIL, RBC (A B (Rh+) £ 7213 B Y (Rh+)) |2 PEG % T4 =— 7 L5 & TEA
L72 PEG-S-RBC &, 7 3 F#E& THE A L7 PEG-RBC 24K L. Z DR L O
FHEOREEW LTS Z LA HME Lz, PEG-S-RBC, PEG-RBC D Ifijg 4 %
Tolcl ZA, WTFNLHHLA FUE, HLBHUK, PLRhD Uk & EEEAE Z 37, MK
RIGUR & BUAD ST PEG $4IC X VL SN TWA Z & Rbhotz, BRENZ &
2. PEG-S-RBC & PEG-RBC D
ML RBC L% THoT-, £,
PEG—S—RBC X7 = REEEICEE LT

DIZxF L. PEG-RBC X RBC AkD
F'%*"%t%z_%n%ﬁ L. RIFLEMES B
HCdH o7, PEG-RBC (T =/3—H )1
RBC & L COAKFIANHF SN D, Fig. 1 Structure of PEG-RBC.

1) M. D. Scott et al., Blood 1999, 93, 2121.
2) S. A. Acharya et al., Transfusion 2005, 45, 374.
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Development of Functional Cell-Encapsulating Hydrogels via Click Crosslinking of Azide-
Modified Hyaluronic Acid and Water-Soluble Cyclooctadiyne (Graduate School of
Engineering, Tokyo University of Agriculture and Technology) O Fumiya Sato, Kiyoka
Hosokawa, Ayaka Kadotani, Daisuke Yoshino, Masayuki Tera

We have developed the water-soluble cyclooctadiyne (WS-CODY) equipping polar
functional groups on their side chains, which could spontaneously crosslink two azides in water.
In this study, we synthesized a hydrogel ("click gel") by crosslinking azide-modified hyaluronic
acid using a WS-CODY through a double-click reaction and encapsulated cells to form cellular
aggregates within the gel. When cell-adhesive peptides were ligated within the click gel and
myoblasts were encapsulated, the cells exhibited a myotube-like morphology. Furthermore,
covalent attachment of a peptide-modified click gel to the cell-encapsulating gel induced
directional migration due to haptotaxis to the peptides.

Keywords : Click reaction; Hydrogel; 3D culture; Hyaluronic acid; Cell encapsulation

[BM] AREBIIIEEGE N SEME RS2 /D, S RTEE RN I o 2 /8
THZENKRDLENTWD, YHFFERE TIXEAMEER T 2 -7 L F A INBRAL KO
(SPAAC) 12XV, KEEKFTT VR 2 53 F & TE DKEMELT A (WS-
CODY) #[A% LT\ % D (Figure la), AWFIC CIIWEZEIEIZENT-T ¥ NMEffit
Tovw Lg%z WS-CODY TG LA R v (7Y v 7 7)) 2/ERL, ko
Biph A e F e ERAIC L VST 5 2 L C, IEEk R B 2 8L L
faoB & Fm otz Br e L,

[#EFR] £9°. e 7 v BRI IAVNIZT ¥ REMT RGD X7 F R&EAi L, ~ v A3
MEFERE (C2C12 AlfE) ZEA Lo & 2 A, Mlaidses - e L., HERICEENE(L
L7, #W\W T, RGD X7F NEffie 7L s L & C2C12 Mt At 7 v e g
7V WS-CODY THIN-TNEE L, #E SETRETEEEZITo 72, ZORER,
48 FERIRIZHIIEA RGD X7 F REAi 7 VA~BE) L, 7T RITxFT 2 8fiuErE 2
M U7z, HilaoBE) 5 mofili 2 26k L7 (Figure 1b),

(a) (b)

09 =4O~ j~so; et “N HIEHATL Oh
o - 1 ) o Ny % ol
o{,f + ‘-r‘:x.w':_i-es”“xj N ¢ DO & 2 :
N = i
o2 iR )L OB % 4 o m
7RISR 7L ~ . o
WS-CODY (HAN,) E7ILALEE L L i

Figure 1. (a) SPAAC reaction between WS-CODY and HA-N3. (b) Cell migration at the gel interface.

1) F. Sato, M. Tera et al, Chem. Commun., 2023, 59, 6678.
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Development of Functional Hydrogels Through Click Chemistry Between Azide-Modified
Hyaluronic Acid and Polar Substituted WS-CODY ('Graduate School of Engineering, Tokyo
University of Agriculture and Technology, *Graduate School of Engineering, Tokyo University)
(OKazuya Shimada,' Fumiya Sato,' Natsuko Inagaki,” Taichi Ito,? Masayuki Tera'

3D bioprinting holds great promise for regenerative medicine. It requires materials with tunable
gelation rates and elasticity. We have been developing water-soluble strained cyclooctadienes
(WS-CODYs) with polar functional side chains for click reactions under physiological conditions.
We synthesized WS-CODY derivatives with cationic (1), zwitterionic (2), or anionic (3) side
chains and evaluated their gelation kinetics with azide-modified hyaluronic acid (HA-N3).
Reaction kinetics and storage moduli followed order 1> 2 > 3, indicating electrostatic interactions
between WS-CODY and hyaluronic acid.
Keywords : Click reaction, Strained alkyne; Hydrogel; Viscoelasticity; Hyaluronic acid

(B8] 3R A A7V T ¢ ZIISAR el & A& 2 T 25T Th v |
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. = i OR

(1) R= %\/\ﬁM .cl '::-‘11:-7(..'
 >ac éi,’t:su \ , = Gelation /= 1P \ﬁ
—'I_ (2 R= \/\N/\\/\soa 3 -\%_.\_\ e, ,E,
““ﬂf"‘ii Me, Q&r . B
(3) R= %WSO:’ Na " % b= ﬁmr‘-,f;?’u_
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Figure 1. Schematic illustrations of gelation by WS-CODY's (1-3)

[ =% 3CHR] 1) Panwar, A., Tan, P. L. Molecules., 2016, 21, 685; 2) M. Yoshinaga, M. Tera et al,
Chem. Commun., 2023, 59, 6678.
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Development of Lipid Antigen-containing Complex Molecules for Inmunomodulation (!Keio
University, *Bio-Drug Chemistry Research Institute, Inc.) OShunya Kikuchi,! Yuto Aoki,'
Yuki Hirano,' Kazuki Kubo,!? Takanori Matsumaru,' Yukari Fujimoto !

On antigen-presenting cells, glycolipid antigens are presented by CD1 such as CD1d, and
peptide antigens are presented by MHC molecules to activate and modulate the immune system.
For instance, CD1d presents lipid antigens to NKT cells, inducing various kinds of cytokine
responses. In this study, to further elucidate the role of lipid antigen presentation, we designed
and synthesized conjugate molecules combining the representative lipid antigen a-GalCer or
its derivative' with peptide antigens/protein factors. Alkynyl or maleimide linkers were
introduced at the 4- or 6-position of the glycolipid, enabling conjugation with azide- or
cysteine-tagged peptides via Huisgen cycloaddition or Michael addition reactions, respectively.
Utilizing the resulting conjugates, we evaluated their immunomodulatory functions and
performed analyses to explore the antigen structure-dependent immune responses.

Keywords : Organic Synthesis; Complex Molecules,; Glycolipids; Antigen Presentation

PUREE A EI2i\WT, MHC 20+ X7'F RPURZ R 5 —F ., CD1 431,
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KWV ATA U HRZTELTELRTF Rl Lo IbEZER LT, 5o -85
% FH O IR RER A 21T > 72,
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HOG T i CisHor or Protein HOg i i Ci3Ha7 Lip!d Peptide,
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OH = aziae OH
: R'OrR? -smmmeemmrea e thiol - RVOrR?2 weee e l
! - X = alkyne, or H - Pepti H
P ke bx T Saicimide P inker F2 L H o rotein) |
"""""""""""""""""" E H MHC,
lipid antigens peptide antigens i z= :"\‘/\ 4 Ry ; CD1d e
(e.g. a-GalCer derivatives) or protein factors : N b—s =1 »

O

lipid- and peptide-antigen (or protein) complexes
(e.g. u-GalCer derivative-peptide complexes)

1) Inuki, S., Hirata, N., Kashiwabara, E., Kishi, J., Aiba, T., Fujimoto, Y. et al. Sci. Rep. 2020, 10, 15766.
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Analysis of the effects of cadmium on the survival and proliferation of neural stem cells using
human iPS cell-derived brain organoids (Graduate School of Science, Osaka Metropolitan
University) OHideki Mori, Midzuki Kita, Masayuki Hara

The culture technique for induction of pluripotent stem cells into cerebral organoids is
expected to be a powerful tool for studying the process of CNS development. Although the
toxicity of cadmium on bone formation and renal function is known, the neurodevelopmental
toxicity is not well understood. In this study, we analyzed the effects of exposure to cadmium-
containing medium on the survival and proliferation of neural stem cells during early brain
development using cerebral organoids that can be derived from pluripotent stem cells. Even in
the presence of low concentrations of cadmium, a decrease in neural stem cells was observed
after approximately 7 weeks of induced culture of cerebral organoids.

Cytotoxicity tests of cadmium on human iPS cell-derived neural stem cells showed that the
addition of cadmium chloride at a final concentration of 20 uM or higher significantly reduced
cell viability after 2 days of culture. Next, embryoid bodies (EBs) were prepared from human
iPS cells on low-adhesion plates, and then the EBs were embedded in Matrigel and cerebral
organoids were induced using cerebral organoid induction medium. Cadmium chloride was
added at various concentrations during the induction culture. Even under low concentrations
of cadmium, such as 2 uM and 0.5 uM, a decrease in the neural stem cell area of the cerebral
organoids formed after 47 and 55 days was observed.

Keywords : Cadmium; Neural Stem Cell; Cerebral Organoid; Developmental Toxicity
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Effect of embedding in a type I collagen gel on the formation of human iPS cell-derived human
brain organoid. (Graduate School of Science, Osaka Metropolitan University) Mayu Aogaki,
Hideki Mori, Masayuki Hara

Cerebral organoids are three-dimensional cell assemblies with brain tissue-like structures
that recapitulate the process of human central nervous system development, and are promising
tools for the study of early development of the human brain, disease modeling, and drug
development. One of the typical methods for producing these brain organoids is to embed
embryoid bodies (EBs) induced from pluripotent stem cells in Matrigel containing laminin,
type IV collagen, and other substances. However, the effect of type I collagen, the most widely
used biomaterial, on cerebral organoids is not yet known. In this study, we investigated the
effect of hydrogel-embedding of human iPS cell-derived EBs in porcine type I collagen gels
on cerebral organoid formation compared to Matrigel-embedding conditions.

Human iPS cells (201B7) were cultured in StemFit medium and then seeded into round-
bottom low-attachment plates to induce EBs. EBs were embedded in Matrigel or type I collagen
gel, and cultured in brain organoid induction medium under 5% CO; at 37°C with rotation.
Under the condition of EBs embedded in type I collagen gels, a lower percentage of the EBs
were retained in the gels after 6 weeks of culture than under the Matrigel-embedded condition,
and the ratio of astrocytes found in the organoids was higher.

Keywords : Cerebral organoid; Collagen gel; Matrigel; iPS cell; Embryoid body
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Development of Cancer Immunotherapy by Introducing Glycopolymers onto Cells Using
Proximity Dependent Labeling (' Graduate School of Science and Technology, Kyoto Institute
of Technology, *Graduate School of Science, Osaka University) OSakura Kawahara,' Zenya
Naraoka,' Ryohei Miyagawa,” Yoshiyuki Manabe,? Koichi Fukase,” Tomonari Tanaka'

Glycans on the cell surface are known to serve as a marker to identify self and non-self. In
humans, o-rhamnose (o-Rha) acts as a non-self and induces a severe immune response. To
utilize this in cancer immunotherapy, it has been reported that introduction of carbohydrate
antigens such as a-Rha on the surface of cancer cells recruits natural antibodies in the body
and induces an immune response against cancer cells'?. In this study, glycopolymers bearing
a-Rha moieties were introduced onto the cancer cell surface using a proximity dependent
labeling method based on antibodies and a radical reaction (Fig. 1). Furthermore, the immune
response induced by the glycopolymers on the cancer cell surface was evaluated.

Keywords : Proximity Dependent Labeling; Glycopolymer; Antibody, Immunoreaction; Cancer
cell
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Fig. 1 Proximity labelling using glycopolymers.

1) J. Sianturi et al., Angew. Chem. Int. Ed., 2019, 58, 4526-4530.
2) R. D. Coen et al., Biomacromolecules, 2020, 21, 793-802.
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Organelle-selective Labeling of Endogenous Phosphatidylethanolamine ('Kyoto University)
OSeita Kawamoto', Tomonori Tamura', Itaru Hamachi'

Phosphatidylethanolamine (PE) is a class of glycerophospholipids and is the second most
abundant phospholipid in mammalian cells. Due to the lack of PE-specific detection probes,
our understanding of the intracellular distribution and dynamics of PE remains limited to date.
Here, we developed chemical probes that can label endogenous PE at organelle-level spatial
resolution. The probes consist of an organelle-targeting fluorescent dye and an amine-selective
reactive warhead. We developed two probes targeting endoplasmic reticulum/Golgi apparatus
and mitochondria and confirmed their organelle-selective localization in live HeLa cells. In
addition, TLC and mass spectrometry revealed that these probes can selectively react with
endogenous PE and lyso PE to yield the corresponding dye-modified products.

Keywords : Phosphatidylethanolamine; Organelle; Fluorescent Labeling; Lipidomics
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1. Maekawa, M. & Fairn, G. D. J Cell Sci 127, 4801-4812 (2014).
2. Tamura, T. et al. Nat Chem Biol 16, 1361-1367 (2020).

© The Chemical Society of Japan - [AJA304-Tam-12 -



[AJA304-1am-13 BAILES B1055FES (2025)

A48 z)LENA FATILERW: 1 #IlELARIILTO R
Atz & HREE R B it DB %

CRORBE T !« BrOREEDF2) OIUA HUKER ! - A ! - thn #iK2

A microwell-based hydrogel system for detecting secreted antibodies and cell-sorting at the
single-cell level ('Graduate School of Engineering, The University of Tokyo, 2SANKEN, Osaka
University) O Yamamoto Ryotaro,! Okamoto Akimitsu,' Satoshi Yamaguchi,

The technology to analyze secretions at the single-cell level and sort cells is crucial for
applications ranging from fundamental research to industry. In conventional methods,
individual cells are cultured in separate microwells, and their secretions are captured and
detected using antibody-modified beads or substrates. However, technologies for rapidly
sorting cells based on secretion analysis remain limited. Therefore, we synthesized a
multifunctional gel material aimed at integrating secretion detection and rapid cell sorting for
single-cell analysis. Previously, we synthesized a biocompatible photolytic gel and developed
a technique for encapsulating single cells in micro-wells, observing their phenotypes, and then
rapidly and selectively recovering the cells via light irradiation?. In this study, to enable large-
scale detection of antibodies secreted by encapsulated cells on a well array, we developed a gel
modified with protein A via a click reaction and successfully achieved fluorescent detection of
antibody secretion. In this presentation, we will also report on the results of rapid light-induced
recovery of cells from the detected wells and the cell sorting based on their secretion.
Keywords : Hydrogel,; Cell-sorting; single-cell analysis; Secretion
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Y. Ji, et al., Proc. Natl. Acad. Sci. U.S.A. 2019, 116, 5979-5984; 2) S. Yamaguchi, et al., ACS Appl.
Bio Mater., 2020, 3, 9, 5887-5895.
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Construction and evaluation of cancer cell-selective drug delivery system: Development of highly
efficient intracellular transfection systems based on oligoarginine combined with PAD derivatives
(AIMRAM, Tohoku Univ., *Osaka Metropolitan Univ., *INGEM, Tohoku Univ..) 'Kodai Ishikawa,
"Hirari Kato, 'Yasuyuki Araki, | Mitsuyo Matsumoto, “Ikuhiko Nakase, ' Takehiko Wada

The side effects and cytotoxicities mainly resulting from the delivery of anticancer treatments into
normal cells, have been pointed out as serious issues to be improved. We have proposed and
demonstrated the promising characteristics of the cancer cell selective intracellular delivery system
consisting of three functional modules, i.e., oligoarginine peptide (R8), polyethylene glycol (PEG),
and matrix metalloproteinase (MMP) substrate peptide. Oligoarginine, one of the most popular cell-
penetrating peptides, has been used in pharmaceuticals to enhance cellular uptake capability. To
provide cancer cell specificity, oligoarginine was conjugated to PEG via MMPs substrate peptide,
which would be expected to act as a cancer cell-responsive cleavable linker since MMPs have been
reported to be specifically overexpressed in cancer cells. In this design, the PEG was used to reduce
non-specific aggregation and adsorption. The pro-apoptosis domain (PAD) was conjugated to the
C-terminus of the system as a model pharmaceutical. Cellular uptake of the PEGylated peptide was
scarcely observed. In sharp contrast, efficient intracellular delivery of the PEG-cleaved PAD
conjugated system after endogenous MMP digestion was observed with apoptosis inducing function.
In addition, five different PAD derivatives conjugated with LRSG-R7, a peptide cleaved by MMP-
9, were designed and synthesized as a new CPP system.

Keywords: Cell penetrate peptides, Matrix metalloproteinase, Cancer cell selective delivery, Drug
delivery system (DDS), Cellular membrane uptake capability, Oligo Arginine

B 135 IEELTE ASh IR -

P G- () 2 AR E L7 Al i 38 4R DDS 43 B .
TARBASEIC T, PR b R e e —

EIRMEAT 5 IR AL EICIR A, e == @
72, TNOH MR Z HIL, BEERAT L i Potyhgene NSl PES) e i o7 > A
AMEH T LRI T L7 Ua—)L (PEG) &

1 Blood Retention

TV T X = T 8 E o 7 v = I T et membrane vy
> (R8)ICTE H L, F MR 5 7= P00 qum
Fj?ﬁﬂiﬂ@fi@%ﬂ%\éﬁéﬂévl\y \\/&7\}&‘370 LR7 by macropinocytosis

077 —E (MMP) , $RIZL A MMP-9 O FEE LS % PEG & R8 DV I — I8 A L7877
7RREFAR IR DDS 73 R &N R LT, TOHIMEEFREL, #iF L T&7= (X)),

AAFFETIL, DDS 4324 MR A)T . R8 DAL EUAMEEED PEG &2 L HHNH
72 B ONINTENE MMP-9 IZ XD VB Y I — DR 53 R LD MR BUA A RE DTG ME L 2 Fr it
LT EBIZET VY EL TTAR— A2t R A A > (Pro Apoptosis Domain: PAD) % C 2
SHZEAN L, a-~V v 7 AR B T7F R TH D PAD BHIBENBGAZEENC 5 2 5 5%
S0 MMP-9 JE B % E 7 L 31T 5 PAD OMIBIATERA~DEE L T Lz,

S 52, PAD HAZ L 0 MR 28 ARTZ R U TR 30 {5 b1 B35 T4 D
FEFDF DAL T2 8 MMP-9 GJWr#4 FLE W i Leu-Arg-Ser-Gly(LRSG) % -1l L 72 LR7-PAD
Z I E MRy X —_XTFF R LTORBEAHE L. 5 FJEO PAD FEADORK
Fte ARk & AR PN AR 2R & iR EEE e SRR EREAT IC B A T2, E ORER, BT
CPP LL COREEH TAHZLE LT,

© The Chemical Society of Japan - [AJA304-Tam-14 -



[AJA304-1Tam-15 BALEA H105EFES (2025)

FUNEORENEFERZFIALRERIT/ /7 O0F Y )7
D B

b RBEEREERY: | - KB AR SAE 2 - dRBEisk R BERN Y ) ORK M ik ' -
BA BUZ? - /NEFH R Y

Development of next generation microcarriers using site-specific protein modification
(‘Graduate School of Environmental Science, Hokkaido University, *Dai Nippon Printing Co.,
Ltd., *Faculty of Environmental Earth Science, Hokkaido University) O Yuya Nagaoka,'
Masahiko Hase,” Akira Onoda,'

For applications such as regenerative medicine and biopharmaceuticals, three-dimensional
floating culture using microcarriers is being used, which enables mass culture in a smaller space
than conventional two-dimensional cell culture. The use of highly biocompatible algal-derived
sodium alginate soluble gel as a microcarrier enables three-dimensional floating culture of
human mesenchymal stem cells (Figure 1). Previously, we have reported 1H-1,2,3-triazole-4-
carbaldehyde (TA4C), which specifically reacts with the N-terminus of proteins. In this study,
we functionalized the surface of sodium alginate-derived microcarriers by introducing TA4C
to develop a next-generation microcarrier capable of conjugating to the N-termini of proteins.
We will report on the three-dimensional floating culture properties of the novel microcarriers.

Keywords : Regenerative Medicine; Microcarrier; Sodium Alginate; Protein Modification, N-
terinus
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Figure. 1. Microcarrier prepared from sodium alginate

1) Onoda, A, Inoue, N., Sumiyoshi, E., Hayashi, T. ChemBioChem, 2020, 21, 1274.
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