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1. BZEA(Z=EE L83 T—< 1. Research themes conducted while studying
abroad
Title
“Development of cell-membrane protein-mapping technique for quick screening of novel
bone anabolic reagents in treating tumor-induced bone destruction.”

Scope and purpose

An atomic force microscope is mostly used as a force sensor or mechanical mapping.
However, we will use it as a biological simulation tool. In this mode, we hypothesize that the
stimulation of a restricted area, using an AFM probe with a ligand, on the cell membrane
receptor could be enough to initiate the osteoblast differentiation. We will compare our results
to the conventional in-vitro stimulation using stimulation media with the ligand to search for
the most appropriate condition/ ligand morphology that can stimulate osteoblast
differentiation most efficiently.

Proposed mechanism:

1. The peptide-modified probe will be cyclically approached and retracted from the cell
surface.

2. While monitoring the variation of the force concerning the tip-sample distance.

3. Then, on the binding of the proper peptide to the RANKL on the osteoblast surface,

the induction of the osteoblast differentiation cascade is monitored.

B HAR T OB E LR 2. Research results during the study abroad period
First

We found that mature osteoclasts release RANK-expressing extracellular vesicles, which



interact with the RANKL on osteoblasts that functions as a coupling signal acceptor. In other
words, RANKL works as a receptor on osteoblast to stimulate bone formation through reverse
signaling that can be a potential pharmacological target to recover the bone remodeling
balance between bone formation and bone resorption. (Rashed, F. et al. First author (2021)
The Effects of Recptor Activator of NF-KB Ligand-Binding Peptides on Bone Resorption and
Bone Formation. Frontiers in Cell and Developmental Biology, 9)

Second

Even though recent experiments have revealed that the created RANK liposome does not
have a function as RANK that cannot suppress RANKL-induced osteoclast formation, there
is a possibility to develop a bone formation promoting agent using RANK-containing proteo-
liposomes (RANK liposomes). We aim to confirm the RANK-liposome work as a ligand to
bind to RANK to stimulate reverse signaling. Since the function and structure of proteins are
known to be related, it is necessary to acquire a suitable three-dimensional structure for

RANK exosome to work physiologically.

Third

We used Hight speed-AFM to reveal the 3-dimensional structure of 1,2-dioleoyl-sn-
glycerol-3-phosphocholine (DOPC) liposomes, RANK-Fc, and RANK liposomes. AFM
observation revealed that the DOPC liposomes formed a supported lipid bilayer (SLB) of
about 3 nm in height on the silicon substrate. The RANK liposomes also formed SLB of about
3 nm in height, and particles of about 112 nm in diameter were observed. Since RANK-Fc
was about 55 nm in diameter, these observations suggest that the particles with a diameter
of 112 nm were aggregated RANK molecules. Taken together, the reason why RANK
liposomes did not work as a RANKL-antagonist could be due to inappropriate topology, which
could not bind to RANKL.

2. S5#%OBEETE 3. Future research plan
-Force mapping: technique will be used using AFM in real-time in vivo to clarify the

localization and the quantity of the membrane-bound RANKL on the surface of osteoblasts
using a cantilever AFM tip modified by DHO1, a novel RANKL-binding peptide.
- Utilizing Mirabody: By using, Random non-standard Peptides Integrated Discovery (RaPID)

system with collaboration with Prof. Hiroaki Suga, the University of Tokyo, to find out a
peptide drug candidate with high affinity to the target protein and grafting of an Fc fragment
into this high-affinity peptide (Mirabody) then testing them in-vitro to develop the most efficient
RANKL-binding peptide in the activation of reverse signaling and bone formation.

- Chimera mice: Generate an extracellular human/ intracellular mice RANKL knock-in



chimera mouse to test the Mirabody (DHO1-grafted Fc protein) in vivo since DHO1 binds only
to the human RANKL, not to the mice RANKL.

- Osteopenic model mice: Test a new peptide on an osteopenic mice model, which we

recently established. The bone mineral density of distal femurs was significantly reduced by
the oral bacteria (Streptococcus mutans) intravenous inoculation. (Hirohashi, Y., Kamijo, S.,
Khan, M., lkeda, M., Oki, M., Matin, K., Rashed, F., & Aoki, K. (2021). Tetracycline, an
Appropriate Reagent for Measuring Bone-Formation Activity in the Murine Model of the
Streptococcus mutans-Induced Bone Loss. Frontiers in cellular and infection

microbiology, 11).

3. TOoMEHTFE (BHRTOETF - XRRD%RFE E) 4. Others and
acknowledgments (life and exchanges in Japan, etc.)

| attended several practical sessions with the undergraduate students, such as using image-
J Software, calculating different doses of different anesthesia (inhalational and injection) for
experimental animals (mice and rats).

Every Thursday morning at 8 am, the research team meeting is held in the meeting room,
and one member is asked to present a presentation. | made several presentations, the first
one was about my research experience in Egypt, and the following one was a summary of a
research paper.

| learned how to do several tissue-culture experiments on the effect of different peptide on
osteoclasts activation, | learned to use the micro-CT and the pQCT machine and the
fluorescent microscope, | also learned how to make frozen histology and methyl methacrylate
tissue sections.

| observed an animal experiment on testing different scaffolds on a calvaria defect of mice in

the TMDU animal center and how to make life micro-CT images.

Cultural activities:

The first thing | did was visit the famous Shibuya crossing and the Hachiko dog, and | ate
sushi from a sushi belt bar. Then | saw the Panasonic and sewage museum and the different
shopping malls at the Odaiba district. The next weekend, we went to a classical music concert
and the anime museum in Suginami City. | went to the Tokyo metropolitan building
observatory in Shinjuku and then to the ice skating ring in the Roppongi area. | visited
Okutama lake and Tama lake amongst many mountains. | climbed Mount Fuji in September.
| also visited Kamakura city and walked around Minato city and visited Tokyo tower in addition
to many other touristic famous monuments. | participated two days as a volunteer for Tokyo

Olympics, the Tokyo marathon, and several charity activities in Tokyo.



KERRICBZHICRTRRZT O TV EIRFEDTE 2~3MHY EL=H, BELGIAY
FEHRZ T, HALTL S, *Finally, if you have a few photos of technical exchanges
while studying abroad, please insert them with a brief comment.

List of photos
1. Group photo of the research team in Professor Aoki’s lab.




G0 .UOTOOUITI/BY  FAX:03-5
»E ) E& ]
3. My name on the door. T wm Ek mE ]
Kazuhiro Aoki
: XK BF
BEN Meiko Oki
B3y Lt BE
Shingo Kamijo
B ERE
Satowa Nakamura
fes (TR
DGR T8 Yuna Hirohashi
Basic Oral Health -
Engineering AKX BE
{bhoe) Bl Yuri Shimizu
EilR -2
E2 Masud Khan
#PD KAR A%
HEkE hE EF
%PD RE B
KRR Fatma Rashed
R X5 8§

4. Climbing mount Fuji




6. Volunteer at the cycling event in Tokyo 2020.
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