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Welcome Message

Massage from the Conference President:

Good day, ladies and gentlemen! Thanks to Director Feng-Huei Lin, from Institute of
Biomedical Engineering and Nanomedicine, National Health Research Institutes, for his
preparations and application for funding. Therefore, this International Symposium can be
realized as scheduled.

The International Symposium on Radiation Education was initiated and guided by
Professor Arima from Japan since 20 years ago. Until now, there have been six symposiums,
including the first, third and fifth held in Japan, the second held in Hungary, and the fourth
and sixth held in Taiwan. The results are fruitful for all symposiums.

Radiation has been found for more than a century, and it is now widely used in various
fields, such as selective breeding, nuclear power, and even the development of atomic
bombs. Some ways of using radiation threaten the living environment of human beings.
However, besides researchers or workers engaged in this aspect, many people do not have
complete comprehension toward radiation. This may lead to dangerous results.

The education of radiation in various countries has been strengthened, but there is still
room for improvement. In Taiwan, radiation detection special units are not yet been set up
in many cities. Therefore, it is not easy for citizen to obtain simple related equipment. Many
countries have request citizen living within the regulated area should participate in nuclear
disaster drill. On the other hand, citizen who do not need to participated in the drill should
develop correct understanding of radiation. We hope this International Symposium can arise
more respect of governments and people to radiation education and correct applications.

Finally, | would like to thank you for the participation, and support from Japan. | wish the
successful Symposium.
2020 6th International Symposium on Radiation Education President

pog Rt

Chin-Wang Huang
Aug 05, 2021.
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General Information

Registration Opening Hours
Aug 07, 2021. 08:20-08:50 (11F)
Aug 08, 2021. 08:20-08:50 (11F)

Poster Presentation

Location :11 F (1101 Conference room)
Presentation time: Aug 07t (10:20-10:50; 15:00-15:30),2021.

Lunch
Aug 07, 2021. 12:10-13:10 (11F)
Aug 08, 2021. 12:20-13:20 (11F)
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Gala Dinner & Interaction (Aug.07)

COSMOS Hotel, Taipei.
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Parking:
The hotel has a two-level underground parking garage.

Address

No. 43, Section 1, Zhongxiao West Road, Zhongzheng District, Taipei City 100
Phone : +886-2-23617856

Fax : +886-2-23118921

Email : cosmos@cosmos-hotel.com.tw
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Daily Program-Day 1, Saturday, Aug 07, 2021

Program

Venue: 1101 Conference Room, CHANG YUNG-FA FOUNDATION International
Convention Center, Taipei.
Date : Saturday, August 7-8, 2021

Time
August 7 (Sat)

08:20- 08:50
08:50- 09:20

09:20- 09:50

09:50- 10:20

10:20- 10:50

Section 1

10:50- 11:10

11:10- 11:30

11:30- 11:50

11:50- 12:10

Activity

Registration
Welcome & Opening Ceremony
Chin-Wang HUANG, Ph.D., President, Organizing Committee, Taiwan.
Feng-Huei LIN, Ph.D., Co-President, Director, Institute of Biomedical Engineering
and Nanomedicine of NHRI, Taiwan.
In Memory of Prof. Kunihiko HASEGAWA

Plenary Speakers |
Moderator: Li-Wei KUO, Ph.D.

Associate Investigator, Institute of Biomedical Engineering and
Nanomedicine, National Health Research Institutes, Taiwan.

Tiffany Ting-Fang SHIH, M.D.

New Trend of Imaging Biomarkers in Precision Medicine

Prof. Feng-Huei LIN

Fe-doped CaS as Theranostic Biodegradable Magnetic Nanoparticle for
Hyperthermia and MRI Imaging Enhancer

Refreshment (Poster Section & Competition)

Magnetic Resonance Imaging
Moderator: Feng-Huei LIN, Ph.D.

Distinguished Investigator and Director, Institute of Biomedical Engineering and
Nanomedicine, National Health Research Institutes, Taiwan.

Prof. Feza KORKUSUZ

Musculoskeletal Imaging Advancements in Magnetic Resonance and
Shear Wave Elastography

Prof. Li-Wei KUO

Advanced Diffusion MRI in Neurological and Neurodegenerative Diseases
Prof. Maxim A. SOLOVCHUK

MRI Guided Focused Ultrasound Treatment of Cancer: Treatment
Planning and Monitoring

Prof. Vuk USKOKOVIC

Hyperthermia with Composite Magnetic Nanoparticles as a Cancer
Treatment Modality



12:10- 13:10

Section 2

13:10- 13:30

13:30- 13:50

13:50- 14:10

14:10- 14:40

14:40- 15:10

15:10- 15:40

Section 3

15:40- 16:00

16:00- 16:20

16:20- 16:40

16:40-17:00

17:00- 17:20

18:30- 21:30

Lunch Break (Poster Section & Competition)

Therapy and Diagnosis |
Moderator: Maxim A. SOLOVCHUK, Ph.D.

Associate Investigator, Institute of Biomedical Engineering and
Nanomedicine, National Health Research Institutes, Taiwan.

Prof. Olga A. KOVAL

Novel Therapeutic Approaches Based on Cold Atmospheric Argon and
Helium Plasma Irradiation of Biotarget

Prof. Antonina V. LEVSHAKOVA

CT Perfusion in Differential Diagnosis and Evaluation of the Effectiveness

of Treatment of Malignant Tumors

Prof. Michele IAFISCO

On the Use of Calcium Phosphate Nanoparticles as Agent for Magnetic
and Nuclear In-vivo Imaging

Plenary Speakers Il
Moderator: Kuo-Wei WANG, Ph.D.
President, Taiwan Society of Radiological Technologist,
Department of General Affairs, Landseed International Hospital, Taoyuan, Taiwan.

Prof. Hiroshi KUDO

Science in Radiation Education: The New Chemical Element Nihonium
and an Old One Nipponium

Prof. Kevin Chia-Wen WU

Pd-Loaded Metal-Organic Frameworks (Pd@VNU-2) for Radiation/
Photothermal Combined Cancer Therapy

Refreshment (Poster Section & Competition)

Radiation Education
Moderator: Kevin Chia-Wen WU, Ph.D.
Director-Division of Strategic Planning, Office of Research and Development,
Dept. of Chem. Eng., National Taiwan University, Taiwan.

Prof. Ryuichi TANAKA

Recent Progress of Radiation Education Support for School Teachers
Focusing on the Activities of Radiation Education Forum

Prof. Yoshimune OGATA

Practice of Radiation Education for Nurses

Prof. Masafumi AKIYOSHI

Radiation Safety Management for Crookes Tubes in Education Field
Prof. Wei-Hsung WANG

Health Physics Education and Certification in the United States
Transportation CHANG YUNG-FA FOUNDATION Center - Hotel

Gala Dinner & Interaction
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Daily Program-Day 2, Sunday, Aug 08, 2021

Venue: 1101 Conference Room, CHANG YUNG-FA FOUNDATION International
Convention Center, Taipei.
Date : Saturday, August 7-8, 2021

Time Activity

August 8 (Sun)

08:20- 09:00 Registration
Plenary Speakers Il

Moderator: Yu-Tzu HUANG, Ph.D.
Dept. of Chem. Eng., Chung Yuan Christian University, Taiwan.

09:00- 09:30 Prof. Kazuko OHNO

How Can Radiologists Mitigate the Public’s Fear of lonizing
Radiation and Radioactive Materials? —The Usefulness of an E-
learning System

Section 4 Radiation in Environment / Education
09:30- 09:50 Prof. Seiichi SHIBATA
Measurement of Fast-neutron Product of %3Ni for Reassessment of
Neutron Dosimetry of the Hiroshima Atomic Bomb
09:50- 10:10 Prof. Yukio YOSHIZAWA
The Importance of Measuring Radon Concentrations as a Cause of
Lung Cancer
10:10- 10:30 Prof. Soichi HAYASHI
Description of Radiation in the New Curriculum Guidelines
- How Radiation is Treated in Japanese Language and Social
Studies Textbooks in Primary and Junior High Schools

10:30- 11:00 Refreshment (Poster Section & Competition)

Section 5 Therapy and Diagnosis Il
Moderator: Po-Chou Chen, Ph.D.

Dept. of Biomedical Engineering, I-Shou University, Taiwan.

11:00- 11:20 Prof. Chun-Yi WU
Development of Theranostic Boron-containing Gold Nanoparticles
for Boron Neutron Capture Therapy

11:20- 11:40 Prof. Bmer UGUR
Radionuclide Therapy for Benign and Malignant Skeletal System
Disorders

11:40- 12:20 Poster Awards & Closing Ceremony

12:20- 13:20 Lunch Break
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Plenary Speakers

Tiffany Ting-Fang SHIH

Professor, Department of Radiology and Medical Imaging,
National Taiwan University Medical College and Hospital,
Taiwan

Tel: +886-2-2312-3456
Fax: +886-2-2322-4552
E-Mail: ttfshih@ntu.edu.tw i

Education

1977-1984 National Taiwan University College of Medicine.

Research and Professional Positions Held in Chronological Sequence

Training

1983- 1984 Rotating Intern in National Taiwan University Hospital.

1984- 1985 Resident, Department of Internal Medicine, National Taiwan
University Hospital.

1985- 1987 Resident, Department of Radiology, National Taiwan University
Hospital.

1987- 1988 Chief Resident, Department of Radiology, National Taiwan
University Hospital.

1989- 1990 Clinical Instructor, Department of Radiological Science, UCLA

Medical Center.

Professional Experience

1988- present Attending Staff, Department of Medical Imaging, National Taiwan
University Hospital.

2004- present Professor, Department of Radiology, National Taiwan University
College of Medicine.

2015- present Tenured Professor, Department of Radiology, National Taiwan
University College of Medicine.

2020- present Head, Division of Musculoskeletal Radiology, Department of
Medical Imaging, National Taiwan University Hospital.

1993- 1996 Lecturer, National Taiwan University College of Medicine.

1995- 2008 Head, Division of Musculoskeletal Radiology, Department of
Medical Imaging, National Taiwan University Hospital.

1996- 2004 Associate Professor, National Taiwan University College of

Medicine.
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2002- 2008 Vice Chair, Department of Radiology and Medical Imaging,
National Taiwan University College of Medicine and Hospital.

2008- 2014 Chair, Department of Radiology and Medical Imaging, National Taiwan
University College of Medicine and Hospital.

2016- 2017 Deputy Chief Strategy Officer, Taipei City Hospital

2017- 2017 Chief Strategy Officer, Taipei City Hospital

2001- 2017 Chairman, Department of Medical Imaging, Taipei City Hospital

Publications

Chen BB, Lu YS, Yu Chih Wei, Lin CH, Chen TWW, Wei SY, Cheng AL, Shih TTF*. Imaging
biomarkers from multiparametric magnetic resonance imaging are associated with survival
outcomes in patients with brain metastases from breast cancer. European Radiology, 2018;
28(11): 4860-4870.

Yu CW, Chen XJ, Lin YH, Tseng YH, Lu CC, Chen BB, Wei SY, Lee JM, Shih TTF*.
Prognostic value of 18F-FDG PET/MR imaging biomarkers in oesophageal squamous cell
carcinoma. European Journal of Radiology, 2019 Sep, doi.org/10.1016/j.ejrad.2019.108671.

Chien MY, Lee PL, Yu CW, Wei SY, Shih TTF*. Intramyocellular lipids, insulin resistance,
and functional performance in patients with severe obstructive sleep apnea. Nature and
Science of Sleep, 2020; 12:69-78.

Wu CH, Liang PC, Hsu CH, Chang FT, Shao YY, Shih TTF*. Total skeletal, psoas and
rectus abdominis muscle mass as prognostic factors for patients with advanced
hepatocellular carcinoma. JFMA 2021; 120:559-566.

Wu CH, Shao YY, Shih TTF*. Low skeletal muscle mass are predictive factors of survival
for advanced hepatocellular carcinoma. JFMA 2021;120: 781-782.

Shih IL, Yen RF, Chen CA, Cheng WF, Chen BB, Chang YH, Cheng MF, Shih TTF*.
PET/MRI in Cervical Cancer: Associations between Imaging Biomarkers and Tumor Stage,
Disease Progression, and Overall Survival. JMRI 2021; 53(1): 305-318.
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New Trend of Imaging Biomarkers in Precision Medicine

Hybrid PET/MR scanners are innovative imaging devices that acquire and fuse
anatomical and functional data from magnetic resonance (MR), with metabolic information
from positron emission tomography (PET). Integrated PET/MR scanners have the potential
to greatly impact on medical research and patient management posing the most solid bases
for a truly personalized imaging and then push forward the personalized medicine.

Angiogenesis plays a pivotal role in tumor development, progression and metastasis in
solid cancers. We successfully use the DCE-MRI as a real-time in vivo image biomarker and
demonstrate that angiogenesis measured by DCE-MRI increased in patients with
malignancy. An algorithm to assess tumor angiogenesis by measuring the DCE-MRI time-
intensity curve pixel by pixel was developed by using the Brix and Toft models, and three
distinct parameters: peak enhancement ratio (Peak), to indicate tissue blood perfusion;
amplitude (Amp), to reflect vascularity; and volume transfer constant (Ktans), to indicate
vascular permeability. The image derived image biomarkers could provide prediction of
patient outcome; and also provide new therapeutic strategy of monitoring therapeutic
response or clinical trials.

Furthermore, the role pf PET/MR would be more important in the near future. Not
only the image hybrid, but also the “Hybrid Biomarker” from PET/MRI, such as MTV/ADChin
and/or SUVmax/Ktrans ratio, could play an important role as imaging biomarker of Precision
Imaging. When we face the coming geriatric society and up-rising oncological population,
we do need a precise image modality to examine human body; it is important for better
compliance and one —stop examination, but also for “Precision Imaging” leading to ear of
“Precision Medicine”.

13



Feng-Huei LIN

Professor, Distinguished Investigator and Director,
Institute of Biomedical Engineering and Nanomedicine,
National Health Research Institutes, Taiwan.

Tel: +886-37-206166 ext:37100

Fax: +886-37-586440

E-Mail: double@nhri.edu.tw / duoble@ntu.edu.tw
Education

1976- 1980 B.S., Department of Materials Sciences & Engineering,
National Cheng-Kung University, Taiwan.

1983- 1985 M.S., Department of Materials Sciences & Engineering,
National Cheng-Kung University, Taiwan.

1985- 1989 Ph.D., Biomaterials, National Cheng-Kung University, Taiwan.

Research and Professional Positions Held in Chronological Sequence

2006- 2009 Convener, Division Biomed Eng., National Science Council

2008- 2011 Director, Division of Med Eng., National Health Research Institutes

2007-2012 Distinguished Prof., Inst. of Biomed.Eng., National Taiwan University
(NTU)

2017- 2019 Executive Yuan Member, Science & Technology Program Executive

Review Board, Adjunct Research Fellow office of Ministry Science and
Technology, Executive Yuan

2012- present  International Fellow, International College of Biomat. Sci & Eng., (ICBSE)
Tenure Distinguished Prof., Inst. of Biomed.Eng., National Taiwan
University (NTU)

2014- present  Director, Institute of Biomedical Engineering and Nanomedicine., National
Health Research Institutes

Publications

SCI (10-Years) Top 10 % Q1 Average IF
159 41 95 4.544

Please refer to National Health Research Institutes Institutional Repository for detailed
publications.
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Major Honors and Awards Since 2020

Honors/Awards

2000 -
2009 -

2011
2004 -
2015
2004 -

2015
2005 -

2016
2008

2012

2012

2013

2014

2016
2017

2018

2018

2019

2019

2020

Other honors

1
2
3

2003
2010

2012

2010

2011

Excellent Teaching Award, National Taiwan University

Outstanding Teaching Award, National Taiwan University

Outstanding Research Award, Ministry of Science and Technology,
R.O.C

Outstanding Research Award, National Taiwan University

Taiwan Medicine Society, Dr. Cong-Ming Tu Outstanding Research
Award

Fellow, International College of Biomaterials Science and Engineering
(IFBMSEC)

Chau-Jean Lee Research Scholar Award, Society of Biomaterials &
Control Release, Taiwan

Far Eastern Y.Z Hsu Science and Technology Memorial Foundation of
Lecture Professor Award

International Fellow, World Federation of Preventive & Regenerative
Medicine (WFPRM)

International Fellow, International Society of Blood Biomaterials (ISBB)
Distinguished Administrative Service Contributions, National Health
Research Institutes.

Fellow, American Institute for Medical and Biological Engineering
(AIMBE)

MOST Outstanding Achievement Case Source of Academia Industry
Collaboration by Research Institutes Program.

Outstanding Research Achievement Award of National Health
Research Institutes (NHRI)

Chau-Jean Lee Biomedical Engineering Award, Society of Biomaterials
& Control Release, Taiwan

Outstanding Research Achievement and Contribution Award, The 30%
Wang Ming-Ning Memorial Foundation

International reviewer for the National Research Foundation (NRF),
Korea International reviewer for EP-7, Europe.
International reviewer for National Science Foundation, USA
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Fe-doped CaS as Theranostic Biodegradable Magnetic Nanoparticle for
Hyperthermia and MRI Imaging Enhancer

In this study, a magnetic iron-doped calcium sulfide (Fe-CaS) nanoparticle was newly
developed and studied for the purpose of hyperthermia due to its promising magnetic
property, adequate biodegradation rate and relatively good biocompatibility. Fe-CaS
nanoparticles were synthesized by a wet chemical co-precipitation process with heat
treatment in an N2 atmosphere, and were subsequently cooled in N2and exposured to air at
a low temperature. The crystal structure of the Fe-CaS nanoparticles was similar to that of
the CaS, which was identified by an X-ray diffractometer (XRD). The particle size was less
than 40 nm based on a Debye-Scherrer equation and transmission electron microscope
(TEM) examination.

Magnetic properties obtained from the SQUID magnetometer demonstrated
that the synthesized CaS was a diamagnetic property. Once the Fe ions were doped, the
synthesized Fe-CaS converted into paramagnetism which showed no hysteresis loop.
Having been heated above 600°C in N2, the Fe-CaS showed a promising magnetic property
to produce enough energy to increase the temperature for hyperthermia. 10 mg/ml of the
Fe-CaS was able to generate heat to elevate the media temperature over 42.5°C within 6
minutes. The area of the hysteresis loop increased with the increasing of the treated
temperature, especially at 800°C for 1 hour. This is because more Fe ions replaced Ca ions
in the lattice at the higher heat treatment temperature. The heat production was also
increasing with the increasing of heat treatment temperature, which resulted in an adequate
specific absorption ratio (SAR) value, which was found to be 45.47 W/g at 37°C under an
alternative magnetic field of f = 750 KHz, H = 10 Oe.

The in vitro biocompatibility test of the synthesized Fe-CaS nanoparticles examined by
the LDH assay showed no cytotoxicity to 3T3 fibroblast. The result of in vitro cell
hyperthermia shows that under magnetic field the Fe-CaS nanoparticles were able to
generate heat and kill the CT-26 cancer cells significantly.

Furthermore, the sulfide-based magnetic Fe-doped CaS nanoparticles modified with a
silica layer were then investigated. A polyvinyl pyrrolidone polymer was used as the coupling
agent. The developed nanoparticles contained 11.6 wt% iron concentration, and their x-ray
diffraction pattern was similar to those of CaS and Fe-CaS nanoparticles. The average
particle size was approximately 47.5 nm and homogeneously dispersed in aqueous
solutions. The major absorption bands of silica were observed from the FTIR spectrum. The
magnetic properties and heating efficiency were also examined. The specific absorption
ratio of nanoparticles at a concentration of 10 mg/ml at 37°C in an ethanol carrier fluid was
37.92 W/g and the nanoparticles would raise the temperature to over 45°C within 15 min. A
cytotoxicity analysis revealed that the nanoparticles had good biocompatibility, which
indicated that the nanoparticles did not affect cell viability. The therapeutic effects of the
nanoparticles were investigated using in-vifro and animal studies. Cells seeded with
nanoparticles and treated under an AC magnetic field revealed a percentage of cytotoxicity
(60%) that was significantly higher from that in other groups. In the animal study, during a
hyperthermia period of 15 days, tumor-bearing Balb/c mice that were subcutaneously
injected with nanoparticles and exposed to an AC magnetic field manifested a reduction in
tumor volume. The newly developed Fe-CaS nanoparticles and silica-modified Fe-CaS
nanoparticles can thus be considered a promising and attractive hyperthermia thermoseed.

Keywords: Hyperthermia - Iron-doped - Calcium Sulfide - Nanomedicine - Magnetic
nanoparticles
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Hiroshi KUDO

Professor Emeritus, Tohoku University, Sendai, Japan.
President, Radiation Education Forum

Tel:
E-Mail:

Education

1964
1967
1971

+81-22-308-8041
kudo.hrs@nifty.com

B.S., Chemistry, Faculty of Science, Tohoku University
M.S., Chemistry, Graduate School of Science, Tohoku University
D.Sc., Tohoku University

Research and Professional Positions Held in Chronological Sequence

1967- 1976
1976- 1977
1979- 1984
1984- 1988
1988- 1993
1993- 1996
1994- 2005
1994- 2005
1997- 2005
2002- 2004
2005- 2017

2007- present

2008- 2013

Research Scientist, Japan Atomic Energy Research Institute (JAERI)
Visiting Scientist, Kernforschunsanlage Jilich (KFA)/ Germany

Senior Scientist, JAERI

Principal Scientist, JAERI

Head, Division of Research and Development, JAERI

Group Leader, Advanced Science Research Center, JAERI

Professor, Graduate School of Science, Tohoku University

Associate Editor, The Journal of Radioanalytical and Nuclear Chemistry
Editor, The Radiochimica Acta

President, The Japan Society of Nuclear and Radiochemical Sciences
Director, Tohoku Radiation Science Center

Professor Emeritus, Tohoku University

Director, Radiation Education Forum

2014- present Deputy-Director General, Radiation Education Forum

Awards and Honor

Divisional Award of the Chemical Society of Japan (March, 1996) on “Discovery of
Hyperlithiated Molecules, and Studies on the Structure and Nature of Bonding”

Publications

Books

Periodic Table with Nuclides and Reference Data; K. Yoshihara, H. Kudo and T. Sekine,
Springer-Verlag, Berlin (1985).

*And other 3 papers in books
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Review Articles

Research and Development of Mo Production Technology in Japan: H. Kudo, N.
Yamabayashi, A. Iguchi and E. Shikata, Proc. Technical Committee Meeting, Karlsruhe, Oct.
1987, "Fission Molybdenum for Medical Use," IAEA, Vienna (1989) pp. 83-97.

Facilities and Activities in Fusion Nuclear Technology: Japan Atomic Energy Research
InstituteM. Seki, H. Yoshida, T. Nakamura, H. Watanabe and H. Kudo, Fusion Technol., 17,
288-298 (1990).

*And other 42 papers
Original Papers
Chemical Effects Associated with p—Decay Process. |. The Chemical Behavior of a Decayed
Product, 144Pr, in the EDTA Complex System; T. Shiokawa, H. Kudo and T. Omori, Bull.
Chem. Soc. Jpn., 38, 1340-1343 (1965).

Study of Hot Atom Effects of Cadmium Phthalocyanine Using a “Daughter-Tracing
Technique”; K. Yoshihara and H. Kudo, Nature, 222, 1060-1061 (1969).

“‘Appearance Energy” and Energy Dependence of the Recoil Product Yield in Indium-
Ethylenediaminetetraacetate by the ""°In(y,y")115min Reaction; K. Yoshihara and H. Kudo,
J. Chem. Phys., 52, 2950-2953 (1970).

Chemical Behavior of Tritium Produced by the ®Li(n,a)T Reaction in Lithium Oxide; H. Kudo,
K. Tanaka and H. Amano, J. Inorg. Nucl. Chem., 40, 363-367 (1978).

Interaction of OT~ with Li* during Diffusion of Tritium in Lithium-Containing Oxide Crystals
Irradiated with Neutrons; H. Kudo, Radiochim. Acta, 50, 71-74 (1990).

Structure and Energetics of Lin(OH)n—1 (n = 2-5) Clusters Deduced from Photoionization
Efficiency Curves; H. Tanaka, H. Kudo and K. Yokoyama, J. Chem. Phys., 114,152-159
(2001).

Structure of [N,N’-bis(3,5-di-t-butyl-salicylidene)-2-benzyl-1,3-propanediaminato]nitrido-
technetium(V) Complex, TcN(bzdbsalpn), and Nitrido-Bridged Linear Polymeric Chains
inCrystalline syn-lsomer; T. Takayama, Y. Abe, T. Sekine and H. Kudo, Radiochim. Acta, 92,
265-269 (2004).

*And other 116 papers
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Science in Radiation Education: The New Chemical Element Nihonium
and an Old One Nipponium

To enhance the radiation literacy of general public, it seems important to make them
interested not only in medical and engineering application of radiation, but also in
advancement of basic science associated with radiation.

In 2016, the International Union of Pure and Applied Chemistry (IUPAC) officially
announced that Element 113 is named “Nihonium” with its symbol “Nh”. This new chemical
element was synthesized with a linear accelerator in RIKEN (Institute of Physical and
Chemical Research), Wako, Japan by Professor Koske Moria and his colleagues in 2007
for the first time in Asia and then named after the country name of its discovery. Japan is
called “Nihon” or “Nippon” in Japanese.

In the past, there was a chemical element “Nipponium” (Np) with its atomic number 43
named by Professor Masataka Ogawa (1865-1930) of Tohoku University, Sendai, Japan. He
claimed the discovery of the Element 43 in natural ore “Thorianite” while he stayed in
Professor Ramsay’s Laboratory in University College, London and reported the finding in
English journal Chemical News (1908). Unfortunately, however, his discovery was not
confirmed by the following experiments because the element 43 does not occur naturally,
and the name “Nipponium” has disappered from the table of chemical element. At present,
we know that the element 43 is Technetium (Tc), the first artificially synthesized element
found in a deuteron-irradiated molybdenum plate by C. Perrier and E. Segré in 1937.

Although Technetium does not occur naturally, we are keeping now a few tons of
radioactive **Tc (T42 = 2.1 x 10° years) produced in spent nuclear fuel. Short-lived *™Tc (T1.2
= 6 days) is one of the most essential radioisotopes for medical diagnosis and the world’s
most widely used radionuclide nowadays.

The present author deals with the histories of discovery of Nihonuim as well as Nipponium,
including the production and application of **"Tc from a viewpoint of radiation education.
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2012- 2016
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2015- 2017
2010- 2018.

2008- 2012

2016- present
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Associate Professor-Dept. of Chem. Eng., National Taiwan University,
Taiwan,

Vice Chair-The Center of Strategic Materials Alliance for Research and
Technology (SMART Center), National Taiwan University, Taipei, Taiwan.
General Secretary-Taiwan Institute of Chemical Engineers.

Joint Appointed Assistant Investigator- National Health Research
Institutes, Taiwan, Aug.

Assistant Professor-Dept. of Chem. Eng., National Taiwan University,
Taipei, Taiwan,

Professor-Dept. of Chem. Eng., National Taiwan University, Taiwan
Professor-Molecular Science & Technology, National Taiwan Univ.
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Director-Division of Strategic Planning, Office of Research and
Development, NTU
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2021

2019
2019

2018

2018

2017

Outstanding Research Award, Ministry of Science and Technology,
Taiwan.

ACS Sustainable Chemistry & Engineering Lectureship Award (ACS)
Outstanding Researcher Award (Asia-Pacific Association of Catalysis
Societies; APACS)

Outstanding Research Award, Ministry of Science and Technology,
Taiwan.

Humboldt scholars, Research Fellowship for Experienced Researchers
from Alexander von Humboldt Foundation , Germany, 2018-2020.
Outstanding Young Chemist Award, Chemistry Society of Taiwan.
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2017 Lai Zia-Te Award, Taiwan Institute of Chemical Engineers, Taiwan.
2016 The SCEJ Award for Outstanding Asian Researcher and Engineer.
2015 Wu Da-Yu Award, Ministry of Science and Technology (MOST), Taiwan.

Publications: 2018- Present Selective publications:

Jie Wang, Yunling Xu, Bing Ding, Zhi Chang, Xiaogang Zhang*, Yusuke Yamauchi¥,
and Kevin C. -W. Wu*. Confined Self-Assembly in Two-Dimensional Interlayer
Space: Monolayered Mesoporous Carbon Nanosheets with In-Plane Orderly
Arranged Mesopores and High Graphitized Framework. Angewandte Chemie
International Edition. 2018, 57(11), 2894-2898. Very Important Paper.

Yang Li, Jenoghun Kim, Jie Wang, Nei-ling Liu, Yoshio Bando, Abdulmohsen Ali
Alshehri, Yusuke Yamauchi, Chia-Hung Hou* and Kevin C.-W. Wu*. High
Performance Capacitive Deionization using Modified ZIF-8 Derived, N-doped Porous
Carbon with Improved Conductivity. Nanoscale. 2018, 10, 14852-14859. (Selected
as Front Cover).

Chia-Chen Lee, Chih-1 Chen, Yu-Te Liao, Kevin C.-W. Wu,* and Chu-Chen Chueh.*
Enhancing Efficiency and Stability of Photovoltaic Cells by Using Perovskite/Zr-
MOF Heterojunction Including Bilayer and Hybrid Structures. Advanced Science.
2019, 6, 1801715. (IF: 12.441) (Selected as Back Cover).

Yuyuan Huang, Hannelore Konnerth, Jyun-Yi Yeh, Martin H. G. Prechtl, Cheng-Yen
Wen, and Kevin C.-W. Wu*. De novo synthesis of Cr-embedded MOF-199 and
derived porous CuCr204/CuO composites for enhanced phenol hydroxylation.
Green Chemistry. 2019, 21, 1889-1894 (Selected as Front Cover)

Chu-Chen Chueh,* Chih-1 Chen, Yu-An Su, Hannelore Konnerth, Yu-Juan Gu, Chung-
Wei Kung,* Kevin C.-W. Wu.* Harnessing MOF materials in photovoltaic devices:
recent advances, challenges, and perspectives. Journal of Materials Chemistry A.
2019, 7, 17079-17095 (Selected as Front Cover)

Chi Van Nguyen, Seulchan Lee, Yongchul G. Chung,* Wei-Hung Chiang,* and Kevin
C.-W. Wu.* Synergistic effect of metal-organic framework-derived boron and
nitrogen heteroatom-doped three-dimensional porous carbons for precious-metal-
free catalytic reduction of nitroarenes. Applied Catalysis B: Environmental. 2019,
257, 117888.
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Pd-Loaded Metal-Organic Frameworks (Pd@VNU-2) for Radiation/
Photothermal Combined Cancer Therapy

Radiotherapy is often used in clinic to kill malignant tissues. However, different types cancer
might have different sensitivity to radiation. For example, Non-small Cell Lung Cancer and Skin
Melanoma are considered radiation resistant, which means that higher dosage must be given during
the treatment. Although higher doses of radiation can achieve curative effects, and it will also cause
more damage to normal tissues near the tumor. In order to solve this problem, a novel method is to
apply radiosensitizers. These sensitizers can be chemotherapy drugs which has synergistic effects
with radiotherapy, such as cisplatin or nanomaterials containing high-Z elements such as Hafnium.

In this work, we successfully synthesized a Hf-based Metal-Organic Framework VNU-2 as
radiosensitizer. Due to the high electron density of hafnium, when VNU-2 is irradiated by ionizing
radiation, it can efficiently generate photoelectrons, secondary electrons and Auger electrons. Besides,
its porous structure can avoid the self-quenching of photoelectrons and further improve the diffusion
of reactive oxygen species (ROS) generated when electrons react with water molecules, make it more
effective to cause direct and indirect damage to cancer cells.

In addition, we also find that the triple-bond structure in the ligand can effectively adsorb noble
metal 1ons. Therefore, we designed to first adsorb the palladium metal ions in the pores of VNU-2,
and then reduce the palladium metal ions to Palladium nanoparticles. Since palladium nanoparticles
have excellent absorption and photothermal efficiency in the range of UV-Vis and NIR, we use 808
nm NIR laser for photothermal therapy. The cell cycle analysis results show that after photothermal
treatment, the proportion of the most radiation-resistant S phase decreases, which further improves
the sensitivity of cancer cells to radiation therapy.

Until now, we have conducted in vitro experiments with the skin melanoma cell line BI6F10
and the non-small cell lung cancer cell line A549, and obtained good results. Preliminary results of
animal study based on skin melanoma model have also been obtained.
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K. Ohno, T. Kaori., Efficient education of radiation safety for nurses., Radiat Prot Dosimetry
(2004), DOI: 10.1093/rpd/nc0000

K Ohno, K Endo., Lessons learned from Fukushima Daiichi Nuclear Power Plant Accident-
Efficient education items of radiation safety for general public-., Radiat Prot Dosimetry
(2015),165(1-4):510-2. doi: 10.1093/rpd

Watanabe H., Ishii K., Hosono M., Imabayashi E., Abe K., Inubushi M., Ohno K., Magata Y.,
Ono K., Kikuchi K., Wagatuma K., & Takese T.. Report of a nationwide survey on actual
administered radioactivities of radiopharmaceuticals for diagnostic reference levels in Japan.
Nucl Med, 30(6), 435-444 (2016).

Yamashita Y., Murayama S., Okada M., Watanabe Y., Kataoka M., Kaji Y.,Imamura K.,
Takehara Y., Hayashi H., Ohno K., Awai K., Hirai T., Kojima Ki., Sakai S.,Matsunaga N.,
Murakami T., Yoshimitsu K., Gabata T., Matsuzaki K., Tohno E., Kawahara Y., Nakayama T.,
Monzawa S., & Takahashi S. , The essence of the Japan Radiological Society/Japanese
College of Radiology Imaging Guideline. JJR, 34(1), 43-79 (2016).

Ohno K., Establishment of Comprehensive Radiation Education E-learning System for
Medical Staff. International Conrerrnce of the Public Healthe Foundation of India and
Pacific Bacin Consortium (2017).

Sumi Yokoyama,Kazuko Ohno et al., Current situations and discussions in Japan in relation
to the new occupational equivalent dose limit for the lens of the eye, 37, 659-683 (2017).

Ohno K., An E-learning System for Medical Staff about lonizing Radication and Radioactive

Materials.A Nuclear Physicians' Approach in Japan. 19th Workshop the German-
Japanese Radiological Affiliation. (2018)
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How Can Radiologists Mitigate the Public’s Fear of lonizing Radiation
and Radioactive Materials?
—The Usefulness of an E-learning System—

Introduction: On March 11, 2011, a nuclear accident occurred at the Fukushima

Daiichi Nuclear Power Station (FNP-1), operated by Tokyo Electric Power Company.
Consequently, there has been widespread skepticism and anxiety about radiation all over
the world. In addition to that, many patients in Fukushima prefecture and in the other part of
Japan declined radiological examinations despite a doctor’'s recommendation.
Objectives: It is extremely important for radiologists to encourage every medical staff to have
a knowledge to correct prejudiced public understandings on the effects of ionizing radiation
on human health, especially at low doses. we have created an E-learning system on
radiation for the education of medical staffs.

Methods: We had been taking more than thirty classes for medical staffs from May 2011 to
November 2016. Based on questions and answers in these classes. With consideration of
the questionnaire results, the contents of this e-learning were chosen.

Result:

To put out accurate information about their questions, we chose the following five contents.
01.Radiation All Around Us

02.Devices for Measuring Radiation

03. Effects on Humans

04. Internal Exposure

05. Radiation Emergency Medicine

The results of the following test showed that estimations about internal doses were the most
difficult to understand.

Conclusion : We created an e-learning for medical staffs. We hope many physicians correct
their misunderstandings concerning the effects of ionizing radiation on human health,
especially at low doses. (https://radiation-protection.jp/en/)
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Dr. Feza Korkusuz compleded his specialized in Orthopedic Surgery and Traumatology
in 1992. Between 1989 and 1990, he studied in Osaka University Faculty of Medicine,
Department of Orthopedic Surgery and specialized in Spine Surgery and Sports Medicine.
He did research on bioceramics, osteomyelitis and periosteal cell culture during his Osaka
University Studies. He focused on medical imaging of the musculoskeletal system using
ultrasound and magnetic resonance. He also works on biomaterials and biomechanics. In
the year 2000, he received the Scientific and Technological Research Council of Turkey
Promotion Award in Medical Sciences for his research studies. In 2016, he was the editor of
the “Musculoskeletal Research and Basic Science” book. He and his team members wrote
several chapters in international books including “Hard-Tissue Biomaterial Interactions” in
Encyclopedia of Biomaterials and Biomedical Engineering and “Hard Tissue-Biomaterial
Interactions in Biomaterials in Orthopedics”. He published more than 90 manuscripts in Web
of Science.

He was an active member of the Orthopaedic Research Society between 1995 and 2015.
In 2008 he became an active member of the Association of Bone and Joint Surgeons, and
since 2006 he has been a member of the corresponding and deputy editor of Clinical
Orthopaedics and Related Research. Dr. Korkusuz is the current department head of Sports
Medicine at Hacettepe University Medical Faculty and adviser to the president of the
Scientific and Technological Research Council of Turkey.
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Publications

Torgutalp SS, Babayeva N, Kara OS, Ozkan O, Dénmez G, Korkusuz F. Trabecular bone
score of postmenopausal women is positively correlated with bone mineral density and
negatively correlated with age and body mass index (DOI:
10.1097/GME.0000000000001375) Menopause (ISSN: 1530-0374) 2019;26:XXX-XXX.

Kugukkubas N, Korkusuz F. What happens to bone mineral density, strength and body
composition of ex-elite female volleyball players: a cross sectional study (DOI:
10.1016/j.scispo0.2018.11.006). Science & Sports (ISSN: 0765-1597) 2018;XX:XXX-XXX

Tas S, Korkusuz F, Erden Z. Neck muscle stiffness in participants with and without chronic
neck pain: A shear-wave elastography study (DOI: /10.1016/j.jmpt.2018.01.007). J
Manipulative and Physiol Therap (ISSN: 0161-4754) 2018;41:580-588

Tas S, Unlier NO, Korkusuz F. Morphological and mechanical properties of plantar fascia
and intrinsic foot muscles in individuals with and without flat foot (DOI:
10.1177/2309499018802482). J Orthop Surg (Hong Kong) (ISSN: 2309-4990)
2018:26(3):2309499018802482

Karanfil Y, Babaeva N, Dénmez G, Diren HB, Eryilmaz M, Doral MN, Korkusuz F. Thirty
minutes of running exercise decreases T2 signal intensity but not thickness of the knee joint
cartilage: A 3.0-T magnetic resonance imaging study
(DOI:https://doi.org/10.1177/1947603518770). Cartilage (ISSN: 1947-6035)
2018:1:1947603518770246.

Tas S, Bek N, Onur MR, Korkusuz F. Effects of body mass index on mechanical properties
of the plantar fascia and heel pad in asymptomatic participants (DOI:
10.1177/1071100717702463). Foot & Ankle Int (ISSN: 1071-1007) 2017:38;779-784.

Tas S, Yiimaz S, Onur MR, Soylu AR, Altuntag O, Korkusuz F. Patellar tendon mechanical
properties change with gender, body mass index and quadriceps femoris muscle strength.
(DOI:10.1016/j.a0tt.2016.12.003) Acta Orthop Traumatol Turc (ISSS: 1017-995X)
2017:51:54-59.

Tas S, Yilmaz S, Soylu R, Onur MR, Korkusuz F. Shear wave elastography is a reliable and

repeatable method to measure elastic modulus of rectus femoris muscle and patellar tendon
(doi:10.7863/ultra.16.03032). J Ultrasound Med (ISSN: 0278-4297) 2017:506;565-570.

27



Musculoskeletal Imaging Advancements in Magnetic Resonance
and Shear Wave Elastography

Functional Magnetic Resonance (MR) was previously used to evaluate brain functional
changes before and after exercise [1]. We have recently used this technology to assess and
quantify joint cartilage and skeletal muscles [2]. Quantifying dimensions and signal intensity
may allow us the early diagnose of diseases and evaluate treatment outcomes. Shear wave
elastography (SWE) is another emerging technology that allows quantification of
musculoskeletal tissues mechanical properties. This is a reliable and valid methodology [3].
Transmission of ultrasound through tissues can now be used to predict stiffness of skeletal
muscles and tendons. We have used this new technology to assess various normal and
pathological conditions [4-7]. We would like to highlight opportunities of new developing
imaging techniques and how we can use them for evaluating musculoskeletal conditions.
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Dr. Li-Wei Kuo received his B.S., M.S., and Ph.D. degrees in Electrical Engineering from
National Taiwan University in 2001, 2003, and 2008, respectively. He conducted his
postdoctoral researches in the Center for Optoelectronic Biomedicine at National Taiwan
University College of Medicine and the Advanced MRI section at the Laboratory of
Functional and Molecular Imaging in National Institute of Neurological Disorders and Stroke
at the National Institutes of Health in USA. Since September 2011, he has joined the National
Health Research Institutes in Taiwan and led the MR Neurolmaging Lab (MRNIL). The major
objective of Dr. Kuo’s laboratory is to develop advanced MRI neuroimaging techniques to
facilitate the understanding of the complex structures, physiological functions and network
topology of the healthy and pathological brains. The most notable contributions have been
in instrumentation innovation and the development of advanced neuroimaging methods. For
instrumentation innovation, Dr. Kuo’s team has successfully built and integrated an ultrahigh
strength gradient system on 3T, and has demonstrated its quality and capability in
translational MRI studies between clinical and pre-clinical platforms. This ultrahigh strength
gradient system is designed for acquiring the MRI data with high spatial and angular
resolution, which is particularly beneficial to brain neuroscience researches. The
development of neuroimaging methods is associated with emerging diffusion MRI
techniques, including diffusion kurtosis imaging optimization and free water elimination
technique. Both studies have significantly improved image clarity to reveal more details
relating to tissue microstructures within the brain, and have shown their potentials in pre-

clinical research. His lab has also focused on developing novel brain connectivity analysis
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approaches to investigate the structural and functional brain networks. Specifically, the
major goal is to demonstrate the capability of MRI neuroimaging biomarkers for identifying
alterations in brain structures and functions between different disease states or sub-types.
Importantly, Dr. Kuo’s team has demonstrated the clinical relevance of brain connectivity
analysis on applications of neurological diseases and psychiatric disorders, including
Alzheimer’s disease, subcortical ischemic vascular dementia, and heroin addiction.
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May 2021, doi:10.1002/hbm.25342.
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kurtosis imaging: An empirical study using 7T MRI. Journal of Magnetic Resonance Imaging,
50(5):1593-1603, November 2019, doi:10.1002/jmri.26755.
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Mode Network of Heroin Users on Methadone Treatment and Medication-free Therapeutic
Community Program. Frontiers in Psychiatry, 10:381, June 2019,
doi:10.3389/fpsyt.2019.00381.
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Advanced Diffusion MRI in Neurological and Neurodegenerative
Diseases

During the past decade, mapping complex structural and functional networks in living
human brain using non-invasive neuroimaging technologies has been widely developed and
employed on a variety of cognitive and clinical neuroscience researches. Among all modern
neuroimaging technologies, magnetic resonance imaging (MRI) has been considered as
one of the most reliable and reproducible neuroimaging modalities for exploring the complex
brain networks with adequate spatial and temporal resolutions. In this talk, | will introduce
how we develop advanced diffusion MRI techniques and analysis methods to investigate
the tissue microstructures, brain structural connectivity, and complex brain networks. The
applications on neurological and neurodegenerative diseases will also be introduced and
discussed.

Keyword: Neuroimaging, Diffusion MRI, Structural Connectivity, Neurological Disease,
Neurodegenerative Disease
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focused ultrasound ablation of liver tumor, Journal of Computational Surgery, 1:4, 2014
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MRI Guided Focused Ultrasound Treatment of Cancer:
Treatment Planning and Monitoring

High intensity focused ultrasound (HIFU) is very promising new technology, that has
many therapentic application, among them are the treatment of cancer in different organs
without major side effects. MRI guided focused ultrasound is completely non-invasive and
currently many clinical trials are performed for cancer treatment in different organs. With the
ultrasound beam being focused, thermal energy can be added primarily to a small region of
tissues with little or no deposition at all on the surrounding tissues. When tissue temperature
is higher than 55 °C, thermal coagulation necrosis occurs, which can be used for tumor
ablation. MRI provides real-time monitoring capability. Both a necrosed area and
temperature elevation during the treatment can be observed. For the further development
of the technology multidisciplinary approach is required, which includes optimization of MR
imaging and thermal monitoring, characterization of different tissues, modeling of ultrasound
propagation through different tissues and optimization of the treatment. We are working on
the development of surgical planning platform for a non-invasive focused ultrasound tumor
ablative therapy. High performance computing on multiple GPUs is performed for the
calculation of ultrasound propagation in a patient specific geometry and optimization of the
treatment. Mathematical and computational model is constructed that includes nonlinear
ultrasound propagation in heterogeneous tissues, takes into account the effect of blood flow
on the thermal therapy and cavitation. Simulations of HIFU tumor ablation in a patient
specific liver geometry will be presented and it will be shown that the treatment time can be
sufficiently reduced up to several minutes. The presented results will be validated by the in-
vivo and ex-vivo experimental data.
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Vuk Uskokovic is a Visiting Assistant Professor of Mechanical and Aerospace Engineering
at University of California in Irvine. His former affiliations as an assistant professor and
research scientist include the Schools of Engineering and Medicine at University of lllinois
in Chicago (2013 — 2019), School of Pharmacy at Chapman University in Orange County,
California (2016 — 2018), Schools of Medicine, Pharmacy and Dentistry at University of
California, San Francisco (2007 — 2013), Center for Advanced Materials Processing at
Clarkson University in New York (2006 — 2007), Advanced Materials Department at Jozef
Stefan Institute in Ljubljana, Slovenia (2002 — 2006), and the Serbian Academy of Sciences
and Arts (2001 — 2002). Dr. Uskokovic is the director of the NIH-funded Advanced Materials
and Nanobiotechnology Laboratory, whose goal is the development of nanotechnological
innovations in the field of biomedicine. Bridging the gap between materials science and life
science, the lab specializes in synthesis, characterization and biological testing of materials
for the next generation of medical devices. The most influential work to have emerged from
it pertains to the use of calcium phosphate nanoparticles for advanced drug and gene
delivery applications. Other materials, including magnetic nanocomposites and carbon-
based materials, are also engineered and their interface with the biological systems probed,
all with the goal of creating clinically effective therapeutics and diagnostics. Socially
responsible materials together with in vitro biological assays that substitute for animal testing
present an important aspect of research done in the Uskokovic¢ Lab. This social responsibility
also comes into play through seeing the lab as an incubator of high-tech skills for knowledge-
based economy.
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Strontium Manganite Particles with Designable Curie Point, for Application in Hyperthermia
Treatments”, International Journal of Applied Ceramic Technology 3 (2) 134 — 143 (2006).
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Hyperthermia with Composite Magnetic Nanoparticles as a Cancer
Treatment Modality

Magnetic radiation is one of the least harmful and invasive types of radiation used in
medicine. Recent results on the design of composite magnetic nanoparticles for the
hyperthermia treatments of malignant gliomas and osteosarcomas in alternate magnetic
fields will be presented. These nanoparticles are formulated as aqueous, surfactant-free
ferrofluids that are administrable parenterally. They are composed of superparamagnetic
iron oxide cores, inner shells comprising silica and outer shells made of carbon, having 10 -
20 nm in size on average. The nanoparticles preferentially bind to brain cancer cells and
exhibit greater toxicity in these cells compared to the primary ones. Even in an ultralow
alternate magnetic field, the nanoparticles generate sufficient heat to cause the tumor death.
This ability of theirs to selectively target the cancer cell population and cause its effective
disintegration in the alternate magnetic field of an ultralow intensity can be harnessed in the
design of the next generation cancer therapies. The nanoparticles are also capable of
traversing the blood-brain barrier transcellularly and localizing to the brain tissues, while
preserving the integrity of this barrier and causing no adverse systemic effects to the animals.
Different response of the nanoparticles in the magnetic field depending on whether they are
delivered as ferrofluids or as powders will be discussed. In conclusion, these composite
nanoparticles show great promise as an anticancer biomaterial for the treatment of different
types of cancer and may serve as an alternative or addendum to traditional chemotherapies.
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Dr. Koval received her Ph.D. at the Institute of Chemical Biology and Fundamental
Medicine, Russia in 2003, where she remains for the present time. In her research Dr. Koval
ranged from the study of apoptosis-inducing proteins as anticancer agents to oncolytic
viruses and CAR-T cells. She has won the Award of the President of Russian Federation for
outstanding achievement in molecular biology in 2006. More recently she has turned her
attention to the construction of recombinant vaccinia viruses and investigation of their
oncolytic properties. Moreover, in collaboration with physicists she involved in the
investigation of the cold atmospheric plasma activity towards to cancer cells as a new
anticancer approach.
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Novel Therapeutic Approaches Based on Cold Atmospheric Argon and
Helium Plasma Irradiation of Biotarget

Along with developing efficacious chemotherapeutic agents to treat malignant neoplasms,
much attention is currently being paid to physical methods. Cold atmospheric plasma
(CAP) has been shown as potential anticancer tool. CAP is an ionized gas consisting of
charged particles, active uncharged particles, an electric field and UV radiation. Two type
of CAP treatment was applied to achieve cytotoxic effect on cancer cells: direct irradiation
and irradiation of culture medium and both were successful. Here, we analyzed the
selectivity of CAP-induced cell death as well as the mechanism of cell death after CAP
treatment. The biological effect of plasma-activated cultural medium on the epidermoid
carcinoma cells A431, and normal human embryonic kidney cells HEK-293T has been
investigated. The medium was exposed to CAP irradiation generated in argon gas for 2—-8
min at a voltage of 4.9 kV and then added to the cells. The proliferation of the directly
treated cells in real time mode was measured using iCELLigence RTCA. The rate of
apoptotic and necrotic cells were analyzed by the flow cytometry. The levels of intracellular
reactive oxygen (ROS) and nitrogen (RNS) species, which are known to be the main CAP
affectors, were measured with 2',7'—dichlorofluorescin diacetate fluorescent dye. In order
to determine the parameters of the cold plasma jet that can be changed to enhance the
specific cytotoxic effects, the grounded substrate beneath was introduced into the system.
We showed more efficient suppression of the proliferation of cancer cell with the presence
of grounded substrate.

To revel the conditions when the selectivity of CAP against tumor cells can be achieved we
used a pair of lung cell lines: adenocarcinoma cells A549 and normal fibroblasts Wi-38.
The viability of A549 and Wi-38 cells after direct CAP treatment were examined. Under
optimized CAP conditions (duration 60 c, voltage amplitude 4.2 kV, 3 L/min in helium) Wi-
38 stayed alive and A549 cancer cells were killed. The expression profiles of CAP-treated
cells were evaluated by using RNA-seq. Functional analyses were employed to reveal the
difference in normal and cancer cell response. The substantial difference of transcription
factors response was detected between cancer and normal cells. The data obtained could
be a basis for the development of selective CAP treatment of cancer cells.

This study was supported by the RSF grant # 19-19-00255.
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Antonina Levshakova is head of the Department of Computed Tomography and
Magnetic Resonance Imaging, Moscow, Russia. The main direction of his scientific and
practical activity is oncoradiology. The Department uses all modern methods of CT and MRI
studies necessary to identify, assess the prevalence and effectiveness of treatment of
malignant tumors. Scientific directions of the Department are aimed at differential diagnosis
of malignant tumors, as well as determining the degree of hypoxia and heterogeneity of the
tumor using various imaging methods such as CT perfusion and MR-spectroscopy. Herzen
Moscow Research Cancer Institute is the oldest cancer institution in Russia, where the
foundations of Russian cancer science were laid.
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CT Perfusion in Differential Diagnosis and Evaluation of the
Effectiveness of Treatment of Malignant Tumors

Perfusion computed tomography (CTp) is a imaging technique that provides qualitative
and quantitative information about tumor angiogenesis. Changes in perfusion indicators, in
particular — a decrease, may indicate the effectiveness of treatment before the tumor size
decreases. Other potential benefits include determining the histological subtype of the tumor
and predicting potentially aggressive tumors that can help clinicians better plan patient
therapy. The Institute conducts research on the use of CT perfusion in assessing the
effectiveness of treatment of malignant tumors of different localization using systemic
chemotherapy, targeted therapy, as well as after regional chemoembolization. A Protocol of
low-dose CT perfusion of the pancreas in case of suspected neuroendocrine tumor was
developed. Threshold values of perfusion parameters of benign and malignant kidney
tumors and various histopathological types of kidney tumors, including low - and highly
differentiated light cell kidney cancer, were determined. A study is conducted to assess the
state of renal tissue after resection in the early and late postoperative period, depending on
the ischemic method (with renal artery clamping or anoxia against the background of
controlled hypotension). We believe that our research will improve the results of treatment
of patients with malignant tumors.
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Michele lafisco is senior researcher at Institute of Science and Technology for
Ceramics (ISTEC) of the National Research Council (CNR) in Faenza (RA), Italy. He
graduated in Chemistry in 2005 from the University of Bologna. From the same university
he obtained the Ph.D. degree in Chemical Science in April 2009. His research interests
include biomaterials, biomineralization, nanotechnology, and bioceramics. He has authored
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for the European Commission and for other European research agencies. In 2015 he was
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young researcher “under 35" at the National Research Council of Italy in the field “Chemical
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On the Use of Calcium Phosphate Nanoparticles as Agent for Magnetic
and Nuclear In-vivo Imaging

In recent years, biomimetic calcium phosphate (CaP) nanoparticles (NPs), having
chemical similarity with the mineral phase of bone, have attracted a great interest in
nanomedicine. To evaluate the therapeutic perspectives of CaP NPs through the
mechanisms of action and organs they interact with, the non-invasive monitoring of their in
vivo behavior is of paramount importance. To this aim, the feasibility to radiolabel CaP NPs
(“naked” and surface-modified with citrate to reduce their aggregation) with two positron
emission tomographic (PET) imaging agents ('8 INaF and %8Ga-NO2AP®BP) was investigated.
The labeling results with both tracers were fast, straightforward, and reproducible. CaP NPs
demonstrated excellent ability to bind relevant quantities of both radiotracers and good in
vitro stability in clinically relevant media after the labeling. In vivo PET studies in healthy
Wistar rats established that the radiolabeled CaP-NPs gave significant PET signals and they
were stable over the investigated time (90 min) since any tracer desorption was detected.
Moreover, the identification of alternative biocompatible magnetic NPs for advanced clinical
application is becoming an important need due to raising concerns about iron accumulation
in soft issues associated to the administration of superparamagnetic iron oxide NPs. Here,
we report on the performance of iron-doped CaP (FeCaP) NPs as contrast agent for magnetic
resonance imaging (MRI). The MRI contrast abilities of "°CaP and Endorem® (dextran
coated iron oxide NPs) were assessed by 'H nuclear magnetic resonance relaxometry and
their performance in healthy mice was monitored by a 7 Tesla scanner. "°CaP applied a
higher contrast enhancement, and had a longer endurance in the liver with respect to
Endorem® at iron equality. Additionally, a proof of concept of FeCaP use as scintigraphy
imaging agent for positron emission tomography (PET) and single photon emission
computed tomography (SPECT) was given labeling NPs with ®™Tc-MDP. FeCaP efficiency
as MRI-T2 and PET-SPECT imaging agent combined to its already reported intrinsic
biocompatibility qualifies it as a promising material for innovative nanomedical applications.
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Recent Progress of Radiation Education Support for School Teachers
Focusing on the Activities of Radiation Education Forum

Radiation education in Japanese school started in 1951 with science classes at junior
high schools, but was canceled in 1977 due to the revision of the course of study. However,
the fear of radiation continued to be taught in classes such as social studies and national
language from the elementary school stage, related to the atomic bomb disasters in
Hiroshima and Nagasaki. To improve these situations, Radiation Education Forum (REF),
launched in 1994, made policy recommendations to the Ministry of Education, for the revival
of radiation learning. As a result, the guidance of learning has been revived by the FY2007
revision of the course of study after 30 years of radiation education blank, and radiation
classes restarted in FY2011 in the third-grade science of junior high school in the context of
social studies.

However, the 3.11 accident at the TEPCO Fukushima Daiichi Nuclear Power Station
with massive release of radioactive material to the environment occurred happened just
before the restart of radiation lessons, and fake and fearful information had spread to
television and newspapers along with information from experts, which is generally difficult
for ordinary people to understand. These influences of the accident and the 30-year blank
in radiation education had led to confusion and hesitation over the lesson practices of school
teachers, a lot of them who had never learned and/or been taught radiation. Traditionally,
Experts have provided lectures on radiation to school teachers, but the one-way provision
of information has not helped students deepen their understanding within a limited class
time. The fact that one-way information provision by experts has not helped teachers
practice the lesson is also behind their confusion and hesitation.

Based on the above background, Radiation Education Forum has supported the
practice of radiation classes mainly in junior high school science. Through the four panel
discussions (2013~2016) organized by REF, direct discussions were repeated among many
teachers, experts, and supporters,
mainly on how radiation classes should be based on radiation descriptions in new textbooks.
As a result of the panel discussions, REF proposed a radiation lesson plan that will be built
up in stages throughout the three years of junior high school, in place of the current
curriculum that incorporates radiation classes in the second half of the third grade.

REF has also emphasized the importance of scientific understanding of radiation in school
education since the establishment, On the other hand, as mentioned earlier, radiation
learning in FY2007 revision of the course of study for junior high school science was
introduced from a social study perspective. However, in light of the spread of harmful rumors
after the 3.11 accident in 2011, the latest revision of the course of study in FY2017
emphasized scientific understanding related to radiation, and radiation learning has newly
appeared in the second year of junior high school. This learning guidance will be
implemented from FY2021, and is expected to considerably improve radiation education at
junior high schools.
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Practice of Radiation Education for Nurses

Nurses are the closest to patients among medical professions, and most patients trust
and relay upon nurses. Patients may easily talk to nurses at hospitals. However, there is a
problem that most nurses have few knowledge about radiation. Nowadays, a lot of
diagnoses and treatments using radiation such as X-ray diagnosis, radiation therapy,
nuclear medicine, IVR, etc. are performed in medical fields. Modern medical care cannot
carry on without use of radiation, and the role of radiation will increase more and more in
future. Nurses are expected to respond appropriately not only in medical fields, but also in
events of a nuclear or radiation disaster as the closest to the victims among professions.
However, there is no education on radiation nursing in the current nurse's training course.
Therefore, nurses have little opportunity to systematically learn about radiation. In addition,
post-employment education is inadequate. Many nurses have anxious about radiation. For
example, in an X-ray portable imaging in a hospital room, nurses may escape to the outside
of the room. Such behavior gives anxiety to patients and their families. It is necessary for
nurses to overcome excessive radiation anxiety with the correct knowledge of radiation. It
leads to the correct explanation to patients with anxiety and the provision of better nursing
care. Therefore, we planned the practice of radiation education for nursing staff. We will
provide not only lectures but also experiments to make them as easy to understand and as
interesting as possible. In the course, they will experience the effect of shielding and
distance, and see the radiation track with a cloud chamber. | will present the details of the
results of the education at this conference.
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Radiation Safety Management for Crookes Tubes in Education Field

Crookes tube is widely used in science education, and in Japan, main purpose is to
understand the character of electron and current, not for radiological educations. Therefore,
most teachers never mind the leakage of X-rays from Crookes tube. On the other hand, it
have been turned out that some Crookes tubes radiate large dose of X-rays (most strong
case at a distance of 15 cm, Hp(0.07) reaches 200 mSv/h) which energy is about 20 keV.
This energy is too low for conventional survey meters to estimate correct dose (even for Nal
scintillator), therefore the dosimetry is quite difficult for teachers in education field. In this
study, we use CZT detector to estimate energy spectrum and ionization chamber to obtain
dose in our laboratory. Furthermore, we send radio-photoluminescence (RPL) dosimeters
they are able to be sent by postal mails to measure the dose of X-rays in education field in
Japan. With these measurements, we propose a radiological safety guide line for science
education using Crookes tubes..
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Health Physics Education and Certification in the United States

Health physics, radiological health, and radiological engineering are terms used
interchangeably within environmental health engineering and public health to describe the
field of protecting individuals, the general public, and the ecosphere by facilitating safe use
of ionizing and non-ionizing radiation.[1] Health physicists work in a variety of disciplines,
including education, enforcement of government regulations, environmental protection,
industry, medicine, and research. Although the health physicist typically concentrates in one
of these disciplines, a professional health physicist often performs duties in several areas.
The health physicist is responsible for the safety aspects in the design of processes,
equipment, and facilities that use radiation sources, as well as for proper disposal of
radioactive waste; a goal of the health physicist is to ensure that radiation exposure to
personnel and the environment is always maintained within regulatory limits and also as low
as reasonably achievable. Thus, the health physicist must keep personnel and the
environment under constant surveillance to ensure this goal. If control measures are ever
found to be inadequate, the health physicist must assess the severity of the hazard and
implement effective corrective actions. Hence, health physicists require critical thinking skills
and cross-disciplinary training. This presentation describes vital components of health
physics education in the United States, and the role of certification to support the quality of
service provided by health physicists.

Health physicists must achieve technical competency in radiological physics and
transport, radiation instrumentation, radiation protection including dosimetry, shielding
design and facility safety, radiation standards and regulations, radioactive waste
management, and health effects of radiation including radiobiology, radioecology, and
radiochemistry; this is in addition to fundamental scientific and engineering subjects.
Approximately 30 universities in North America award health physics degrees, at the levels
of bachelor's, master's and doctoral degrees. Recognizing the demand for a well-trained
nuclear workforce, the U.S. Nuclear Regulatory Commission supports nuclear science
education by funding of curriculum development, faculty development, undergraduate
scholarships, and graduate fellowships.

To demonstrate the qualification and credibility of professional health physicists, the
American Board of Health Physics (ABHP) was established in 1959 to evaluate the
competency of professional health physicists and grant certificates to its diplomates.[2]
Certification indicates that the recipient has completed key benchmarks for education and
professional experience, constituting an appropriate foundation in health physics.
Examinees must pass two written examinations that test competence in this field. Part | of
the examination consists of 150 multiple-choice questions and contains five domains of
practice: measurement and instrumentation, standards and requirements, hazard analysis
and control, operations and procedures, and fundamentals and education. Part |l of the
examination comprises two sections: one section contains six questions on four core health
physics topics while the other has one question each for eight specialty areas in health
physics. Keywords: health physics, education, certification

REFERENCES 1. Cember H. Introduction to Health Physics, 3rd ed. McGraw-Hill, New York
(1996). 2. American Board of Health Physics. Prospectus of the American Board of Health Physics.
Online: https://www.aahp-abhp.org/abhp/prospectus. Accessed 06 October 2019.
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Measurement of Fast-neutron Product of ®*Ni for Reassessment of
Neutron Dosimetry of the Hiroshima Atomic Bomb

In decommissioning the FM/FF cyclotron at Institute for Nuclear Study, University of
Tokyo, we measured the residual radioactivities of °°Fe, °Co and %3Ni from the viewpoint of
the radiation safety control. During the process of these measurements, it was found that
the fast-neutron product of 3Ni produced by 83Cu(n,p)®Ni reaction provides a unique
measure to estimate the fast-neutron fluence of the Hiroshima atomic bomb. As basic
nuclear data for the estimation, the excitation function for 63Cu(n,p)®3Ni was measured using
the 4.5 MV dynamitron accelerator at Fast Neutron Laboratory of Tohoku University, and
then the %3Ni produced in copper samples exposed by the Hiroshima atomic bomb was
determined. In this research, the %3Ni was chemically separated and determined by liquid
scintillation method. The results obtained for the Hiroshima samples are consistent with the
values estimated by Dosimetry System 2002 (DS02).
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The Importance of Measuring Radon Concentrations as a Cause of
Lung Cancer

Radon is a gaseous radioactive element produced from the natural radioactive
decay of uranium in rocks and soil. Radon dissolves in groundwater and a hot spring,
and then reaches the surface of the ground. Airborne radon activity is the second most
common cause of lung cancer after smoking. However, in Japan, radon thermae or hot
springs are popular for those who expect radiation hormesis. Radon is a chemically inert
gas that can escape easily from the bath water into the air. The gas tends to concentrate
in enclosed spaces, such as bathrooms. Samples were collected from 2 famous radon
hot springs: Misasa Onsen (Misasa, Tohaku-gun, Tottori Prefecture) and Sarugajo Onsen
(Tarumizu, Kagoshima Prefecture). The radon concentrations of the hot springs,
measured with a liquid scintillation counter, were 1070 Bg/L and 1470 Bq/L, respectively.
The radon concentration of air in these hot springs may exceed 100 Bg/m3, which is the
reference level proposed by the World Health Organization because the estimated
transfer coefficient of radon between water and air is 1.0 x 10,
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Description of Radiation in the New Curriculum Guidelines
- How Radiation is Treated in Japanese Language and Social Studies
Textbooks in Primary and Junior High Schools

In Japan, the curriculum guidelines for elementary schools will be revised in 2020 and

for junior high schools in 2021, and classes will begin using new textbooks. Before the
revision, Japanese and social studies textbooks only mentioned radiation in terms of the
atomic bombs used in wars and the nuclear accidents caused by the Great East Japan
Earthquake (Higashinihon Daishinsai), and taught only negative images of radiation.
How are the peaceful using of radiation in science and medicine, or radiation in nature,
described in the new textbooks based on the New Curriculum Guidelines? | report on a
survey of these textbooks actually in use. | hope that students will not only be taught negative
images of radiation, but also positive ones.
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Development of Theranostic Boron-containing Gold Nanoparticles for
Boron Neutron Capture Therapy

Successful boron neutron capture therapy (BNCT) requires sufficient and specific
delivery of boron atoms to malignant cells. Gold nanoparticles (AuNPs) have been used as
a useful delivery system for selectively releasing cytotoxic payloads in the tumor. However,
studies demonstrating the in vivo distribution or pharmacokinetics of boron-containing
AuNPs via noninvasive imaging are lacking. We aim to develop theranostic AuNP-boron
cage assemblies (B-AuNPs) and evaluate its feasibility for BNCT. The commercial citrate-
coated AuNPs were subjected to PEGylation, azide addition, and carborane modification on
the surface. To further arm the AuNPs, we conjugated anti-HERZ2 antibody (61 IgG) with
boron-containing PEGylated AuNPs to form 61-B-AuNPs. After the 3-step modification, the
diameter of B-AuNPs increased by ~25 nm, and antibody conjugation did not affect the
diameter of AuNPs. Radioactive iodine (I-123) was introduced in AuNPs by Click chemistry
under copper catalysis. The radiolabeling efficiency of '>2I-B-AuNPs and '?3I-61-B-AuNPs
was approximately 60 £ 5%. MicroSPECT/CT imaging showed that the tumor-to-muscle
(T/M) ratio of '23|-B-AuNP-injected mice reached 1.91 + 0.17 at 12 h post-injection, while
that of 123-61-B-AuNP-injected mice was 12.02 + 0.94. However, the increased uptake of
AuNPs by the thyroid was observed at 36 h after the administration of '23]-61-B-AuNPs,
indicating antibody-mediated phagocytosis. The T/M ratio, assessed by ICP-MS, of B-AuNP-
and 61-B-AuNP-injected mice was 4.91 + 2.75 and 41.05 £ 11.15, respectively.
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Radionuclide Therapy for Benign and Malignant Skeletal System
Disorders

Nuclear medicine techniques are increasingly used in the treatment of musculoskeletal
system diseases. Bone pain palliation and radiosynovectomy are the routinely used nuclear
medicine therapies. Painful bone metastases are a life debilitating condition in patients with
advanced cancers. Analgesics, hormonal therapies and bisphosphonates are also effective
in bone pain palliation but have side effects. External radiation therapy provides palliation
however, in patients with widespread bone metastases effective palliation is not possible. In
these patients, systemic radionuclide therapy provides palliation in all metastatic bone sites.
The introduction of new radiopharmaceuticals like Lu177/Y-90-PSMA or Lu177/Y-90-
EDTMP used in conjunction with other methods of treatment for bone metastases will further
improve the patient benefit.

Radiosynovectomy is performed by intraarticular injection of radionuclides having beta
radiation like Y-90 labelled with citrate or silicate. The main aim is to destroy hypertrophied
synovium by local high radiation. Most commonly used in rheumatoid artritis and chronic
hemophilic synovitis.
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Abstract

Glioblastoma multiforme (GBM) is a highly malignant brain tumor with a more than 90% 5-year mortality. The treatment of GBM is a combination of surgical radiotherapy
and oral chemotherapy. Carboplatin is a platinum-based antineoplastic agent, which is commonly combined with radiotherapy (RT) for clinical cancer treatment. In this study,
carboplatin-loaded thermogelling hydrogel has been investigated that combined with rt for mice glioma treatment. For mice administered hydrogel carboplatin/RT versus those
administered aqueous carboplatin/RT, the 24-day tumor growth control rate and 104-day recurrence-free survival rate were 100% and 50%versus 100% and 66.7% (p'40.648),
respectively. However, mice receiving other treatments showed tumor progression by Day 24 and died within 40 days of tumor cell implantation. The carboplatin-loaded
hydrogel can not only simplify drug delivery in GBM, but also have potential for clinical applications.

Introduction

Gliomas are the most common primary intracranial tumors, accounting for 81% of brain tumors, and the most common malignant glioma histology is glioblastoma, accounting for
45% of all gliomas. Current treatment strategies to improve local control of glioblastoma through intratumoral drug delivery include carmustine wafer implantation and carboplatin
infusion through convective enhanced delivery (CED). Carboplatin is a platinum anti-tumor drug, usually combined with radiotherapy (RT) for clinical cancer treatment. Here, we
assume that the sustained release of a single injection of hydrogel carboplatin simplifies intratumoral administration, and compared with multiple injections of aqueous carboplatin,
it still has a synergistic effect with RT.

Materials & Methods

The materials and reagents used to prepare hydrogel carboplatin are: hyaluronic acid, sodium tetraborate decahydrate, t-butyl carbamate (t-BC), adipic acid dihydrazide (ADH),
sodium bicarbonate, chlorinated Sodium, ethylene glycol, sodium periodate (NalO4), dialysis bag MWCO 6000e8000 and PARAPLATIN® (carboplatin in water, 10 mg/mL) (Bristol
Myers Squibb Company, New York, USA). The characterization of oxi-HA/ADH hydrogel and the detection of hydrogel carboplatin passed the Fourier transform infrared (FTIR) test.
The biocompatibility of oxi-HA/ADH hydrogel was evaluated by testing the extraction medium with 3T3 cells. Using six-week-old male C57BL/6 mice, ALTS1C1 glioma cells transfected
with the luciferase reporter gene were injected subcutaneously into their right thighs. When the tumor diameter reaches about 3-4mm (suitable for intratumoral injection of drugs),
the mice are divided into different treatment groups.

Results
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\;C) WST-1 analysis demonstrated that the cell viability of 3T3 cells cultured in oxi-HA/ADH hydrogel extraction
medium (D) LDH assay indicated that the cytotoxicity of oxi-HA/ADH is not significantly different from that in the
negative control group (E) The LIVE/DEAD staining demonstrated that nearly all 3T3 cells were viable in the oxi-
HA/ADH hydrogel after 3 days of cultivation.

Tlustration of FTIR spectra: (A) the peak at 1730 cm1 of oxi-HA disappeared after mixing oxi-HA with
ADH and a new forming peak associated with oxi-HA/ADH appeared at 1528 cm1 and (B) that
associated with the formation of carboplatin-loaded oxi-HA/ADH hydrogel at 545 cm'l.
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(F) First-stage in vivo experiment with different
progression in all other treatment groups.

Conclusion

In this study, through comprehensive research including biological materials, cells, and animal experiments, the sustained-release properties of hydrogel
carboplatin have been demonstrated that simplify the frequency of administration and maintains the synergistic effect of radiotherapy on malignant gliomas.
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1. Abstract

Development of ROS-generated nanoparticles with gamma
radiation for lung cancer therapy

I-Hsuan Yang®2, Min-Hua Chen!, Feng-Huei Lin12"
1 Department of Biomedical Engineering, National Taiwan University, Taipei 10617, Taiwan.
2 Institute of Biomedical Engineering and Nanomedicine, National Health Research Institutes, Miaoli County 35053, Taiwan.

*Email address: double@ntu.edu.tw

2. Scheme

Photodynamic therapy (PDT) is a treatment that producing cytotoxic reactive oxygen species (ROS) and free

radicals to kill cancer cells by exposing a photosensitizer to a specific light wavelength. However, PDT is
limited to the treatment of the deeper tumors, due to the limited penetration depth of visible light. In this study,
we developed the ROS-generated nanoparticles, hafnium-doped hydroxyapatite (Hf:HAp), which could
enhance ROS generation when particles are irradiated with gamma rays for anti-cancer treatment. Hf:HAp
nanoparticles were synthesized by doping Hf ions to substitute Ca?* in HAp lattice through wet chemical
precipitation. The developed Hf:HAp particles were nano-sized rod-like shapes and with pH-dependent
solubility. The efficacy of ionizing radiation on Hf:Hap nanoparticles were evaluated both in vitro and in vivo
using A549 cell line. The 2',7'-dichlorofluorescein diacetate (DCFH-DA) assay showed that HF:HAp could
significantly generate ROS in cells after gamma irradiation. Both cell viability (WST-1) and cytotoxicity (LDH)
assay showed consistent results that A549 lung cancer cell lines were damaged with changes in the cells’ ROS
level. In the in vivo study, mice were treated at days 0 and 7 by intratumoral injection accompany by 5 Gy of

gamma rays irradiation. The results showed that the tumor growth is inhibited owing to the cell apoptosis when

Hf:HAp nanoparticles were bombarded with ionizing radiation. This finding demonstrates a potential
therapeutic method of interacting Hf:HAp nanoparticles with ionizing radiation for lung cancer therapy.

3. Results and discussion

3.1 Phase composition of Hf:HAp
nanoparticles -
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Fig. 1. XRD pattens of HAp, Hf (5 mol%):HAp, Hf
(15 mol%):HAp, and the standard data of HAp quote from
ICDD file No. 00-009-0432.
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Fig. 2. EDX spectrum of (a) HAp and (b) Hf (15 mol%):HAp; (c)
the composition of Ca/P and Hf/Ca molar ratio with varied
concentration of Hf ions dopant.

3.3 Lattice parameters of Hf:HAp
nanoparticles
Table 1. Unit cell parameters for synthesized HAp, Hf

(5 mol%):HAp and Hf (15 mol%):HAp.

Samples a-Axis b-Axis c-Axis Grainsize  Unit cell
A A (A (nm)  volume (A3)
ICDD (00-009-0432) 9.418 9.418 6.884 - 528.8
HAp 9.413 9.413 6.898 27.191 529.3
Hf (5 mol%):HAp 9.394 9.394 6.878  25.234 525.7
Hf (15 mol%):HAp 9.396 9.396 6.849 23.761 523.7

3.4 Morphology and size distribution of
Hf:Hap nanoparticles TEM
(a) SEM TEM (© (enlae) @ DLS
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Fig. 3. Morphology and size distribution of HAp and HAp (15
mol%):HAp. (a) FE-SEM micrographs; (b and c) TEM images;
and (d) DLS distribution and photography of particles
suspended in culture medium.

3.5 Solubility of Hf:Hap nanoparticles
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Fig. 4. Solubility of HAp and Hf (15 mol%):HAp. Particles
were immersed into citrate buffer with different pH values at
pH7.3, pH6.0 and pH5.0. After 1 min of incubation, the
concentration was measured by UV spectrophotometer.

3.6 In vitro ROS generation of Hf:HAp

nanoparticles with ionizing radiation
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Fig. 5. DCF fluorescence intensity of HAp and Hf (15
mol%):HAp of relative ROS concentration in gamma rays
irradiated (5 Gy) by using the DCFH-DA assay. Non-
irradiated particles at various concentrations were regarded
as control groups. (p < 0.05, *, compared to HAp.)

3.7 In vitro cytotoxicity of

nanoparticles with ionizing radiation
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Fig. 6. The impact of HAp and Hf (15 mol%):HAp without (a,
c) or with (b, d) 5 Gy of gamma rays irradiation in A549 cell
line. After 24 h incubation, cells viability and cytotoxicity were
determined by using (a, b) WST-1 assay and (c, d) LDH
assay. Cells treated with PBS buffer were used as control
groups and cells exposed to 1% Triton X-100 were regarded
as positive control of cytotoxicity. (*p < 0.05, **p < 0.01.)

lonizing
radiation

hafnium-

of
doped hydroxyapatite (Hf:Hap)
into A549 cells.

Endocytosis

Degradation of Hf:Hap in
acidic organelles.
Enhanced ROS generation

under excitation of gamma
rays.

°c® 4. Inhibit tumor growth.

P O H

3.8 In vivo anti-tumor effect

__ 1204 —=—PBS
:°= 100 *—HAp
§ a0l —o— Hf(15mol%):HAp
P

a\‘: 60-

‘_§’ 40

3 204

S o]

<]

£ -204

=}

Ly

T T T T T T

0 2 4 6 8 10 12 14

Days after treatment

Fig. 7. A relative tumor growth of A549 xenograft in Balb/c
nude mice. Mice were received the treatment of PBS, HAp,
or Hf (15 mol%):HAp, plus 5 Gy of gamma rays exposure
at day 0 and 7, followed by monitoring their tumor growth
until day 14.

3.9 In vivo histologic examination by TUNEL
staining

(@ ()
o ’
300 mm . 300 mm
I 7 Fig. 8. TUNEL assay on
Balb/c mice bearing

subcutaneous A549 tumor.
The assay was performed
after 5 days of administration
by (a) PBS, (b) HAp, and (c)
Hf (15 mol%):HAp, with 5 Gy
of gamma rays.

4. Conclusion

* We successfully synthesized ROS-generated
nanoparticles by doping Hf ions to substitute Ca2*in
HAp lattice. The Hf:HAp particles are in nano-sized
with pH-dependent solubility.

» Hf:HAp lead to an increase in the significant quantities
of ROS level in cells when particles are bombarded
with gamma rays.

* The cytotoxicity, demonstrated by WST-1 and LDH
assays, is consistent with intracellular ROS level.

* The in vivo studies also point to the same result that

tumor growth is inhibited by cell apoptosis when

particles are bombarded with radiation.

This study provides a novel therapeutic approach in

systemic disease and deeper tumor treatment in place

of PDT, and offers a new strategy in cancer palliative
treatment for patient after the surgical operation.
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Abstract

Photodynamic therapy (PDT) has become a promising treatment for various kinds of tumors. By applying the specific wavelength of light to the photosensitizer, it can trigger oxidative reaction and
cause PDT-induced cytotoxicity to malignant tumor cells. However, when it came to the brain tumor, the difficulty of PDT increased dramatically. First, the light source (usually the optical fibers)
should be placed into brain during craniotomy; second, these optical fibers should be leave an open wound for future treatments. In this study, we investigated an innovation idea for non-invasive PDT
treatment for glioma cell line. By using Tb**-doped LaF; scintillating nanoparticles (LaF;:Tb) combined with meso-tetra(4-carboxyphenyl)porphyrin (MTCP) as photosensitizer, followed by activation
with soft X-ray (80 kVp), the scintillating LaF;:Tb nanoparticles, with sizes of approximately 25 nm, were fabricated. These nanoparticles sized around 25nm and can form good aqueous solution with
high biocompability. However, significant cytotoxicity was observed in the glioma cells while the LaF;:Tb nanoparticles with MTCP were exposed under X-ray irradiation. The study has
demonstrated a proof of concept as a non-invasive way to treat brain cancer in the future.

Introduction

Malignant gliomas are the most common type of primary brain tumors with the average life expectancy at 5 years is not higher than 5% in Taiwan. Due to its location and the blood-brain barrier (BBB),
the malignant gliomas is very difficult to treat. Despite the advances in conventional approaches, including surgery, radiotherapy, and chemotherapy, the effectiveness of treatment in these patients
remains limited. Many of the current treatments in malignant gliomas have inadequate drug delivery and cause damage to healthy brain tissue.

Photodynamic therapy (PDT) is based on the concept of proceeding through the activation of photosensitizer by a specific light wavelength (620-690 nm) to produce the predominant cytotoxic agent,
such as free radicals and singlet oxygen ('O,). The use of PDT in the treatment of brain tumors has produced exciting results in clinical trials over the past decade due to its sclective cytotoxicity to
target infiltrating malignant brain tumor cells and induces a cytotoxic reaction only in the light-exposed areas. However, the limited penetration range of light causes the assessment of the light
distribution and tumoricidal effects of PDT inside the brain to be difficult. Currently, all of these treatments require the external optical fibers be placed within the brain tumors. Consequently, there
exists the need for a minimally invasive brain cancer PDT.

An attractive non-invasive option is to use scintillating nanoparticles with photosensitizer through X-ray irradiation to enable the light source to reach a higher tissue penetration depth in the range of
8-14 cm. The scintillating nanoparticles, such as Tb**-doped LaF; crystal (LaF;:Tb), can locally convert X-ray into light and the emitted luminescences are able to activate the photosensitizers on the
mechanism of fluorescence resonance energy transfer (FRET), further resulting in activating photosensitizer to induce 'O, for cancer therapy.

X-ray-excited PDT which based on scintillating nanoparticles, was first introduced by Chen and Zhang in 2006 and recently several studies have demonstrated this effect into proof of concept. For
future clinical applications, the photosensitizers can be loaded onto nanoparticles, which can lead to a more direct and specific localization of the photosensitizer to the brain tumor sites and increase
the efficiency and selectivity in treatment. More importantly, X-ray not only can penetrate the tissue much deeper than the laser light source but also can extend the popularity of PDT to resource-
limited hospitals because the X-ray system is widely used in the clinic for both diagnosis and therapy.

Here we demonstrate a proof of concept as a non-invasive PDT on glioma cell line (9L) by the treatment of soft X-ray (180 kVp) and photosensitizer, meso-tetra(4-carboxyphenyl)porphyrin (MTCP),
employing scintillating nanoparticles. Although scintillating nanoparticles have been studied in PDT, to the best of the authors’ knowledge, the non-invasive PDT concept of using scintillating
nanoparticles in brain cancer cells has not been described.

Materials & Methods

Characterization of LaF;:Tb Nanoparticles

The morphology of particles was observed by dropping onto a copper grid using a transmission electron microscopy (TEM; Hitachi H-7100, Japan). Energy-dispersive X-ray spectroscopy (EDX)
system attached to TEM was used to analyze the composition of ions in particles. X-ray diffraction (XRD; Geiger Flex, Rigaku) was utilized to identify the crystalline phase composition using Cu Ka
radiation (A =0.15406 nm) with the potential at 30 kV and the current at 20 mA.

Cell Viability

The viability of LaF;:Tb particles on the fibroblast cell line (3T3) was evaluated by cell proliferation reagent (WST-1, Roche). 3T3 cells were exposed to different concentrations of LaF;:Tb particles,
followed by 4 h of incubation period. Later, the media was replaced with fresh media and further incubated for another 24 or 72 h. After that, cells were rinsed once for WST-1 assay and measured by
the absorbance at 450 nm. Positive controls were cells exposed to 1% Triton X-100 solution.

In Vitro Effect of LaF;:Tb

9L glioma cells grown in DMEM media supplemented with 10% FBS and 100 units/ml of penicillin were seeded in 96-well plates (5000 cells/well) and cultured overnight. Then, cells received the
treatment of mixed solution of LaF;:Tb (1 mg/ml) with MTCP (0.5 mg/ml) for 4 h (n=5). Subsequently, they were washed with phosphate-buffered saline (PBS) twice and then exposed to portable X-
ray systems (PX-80M, PoYe, Taiwan) for 1 min. The X-ray source was set at 10 mA and 80 kVp with 50 cm of exposed distance from generator to sample. The effect was evaluated after cell
incubation for 24 h and analyzed by WST-1 assay (Roche) according to the manufacturer’s protocol. Cells treated with PBS were used as control groups. All values were presented as mean * standard
deviation (SD) in quintet repeat. Statistical analysis was performed using Student’s t test. Values of p <0.05 were considered as statistically significant.

Purpose of study

To find a possible non-invasive method for malignant gliomas treatment .20

Results | |
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According to our preliminary finding, LaF,:Tb nanoparticles could find biological applications, for they have been obtained in nanoscale (approximately 25 nm ¢ »

in physical size), water-dispersible, and with high biocompatibility. However, it shows cytotoxicity on the 9L glioma cell line only when nanoparticles with W
photosensitizers are exposed under the X-ray exposure. Thus, we believe scintillating nanoparticles in combination with X-ray could be a potential approach

for non-invasive PDT in brain cancer for future clinical applications, even though an ideal scintillating nanoparticle that processes the energy transfer from X-

ray to photosensitizers efficiently will still be an important issue for practical applications. We will further investigate the in vivo study in the following

research.
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Photodynamic therapy (PDT) is limited by its penetration depth because of the selection of photosensitizer and light source. Therefore, novel alternatives to
serve as photosensitizers in PDT are required to overcome the penetration depth limitation and lower the radiation dose. In this study, Ce-doped TiO,
(TiO,:Ce) was synthesized as photosensitizers activated by low-dose X-rays to generate ROS for deep-seated tumor treatment.
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irradiation and further inhibits tumor growth. These results showed that the cerium addition did not change the crystal structure and average
grain size. TiO, and TiO,:Ce presented as uniform spheroid-like aggregated particles. The nano-sized

Effect of synthesized TiO,:Ce under X-ray irradiation on TiO,:Ce with an average crystal size of 15 nm determined by FWHM calculation and TEM
apoptosis/necrosis examination were successfully synthesized by a modified sol-gel method.
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generate more ROS. The A549 cells treated with o 8roup than that in the Control;,,,, group,
TiO,:Ce produced more ROS than those treated ~ which indicated that TiO,:Ce and X- rays had a
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cell death. (a) Cell viability and (b) cytotoxicity induced by synthesized TiO, and TiO,:Ce at day 1 and day 3

Conclusion

The nano-sized TiO,:Ce with an average crystal size of 15 nm determined by FWHM calculation and TEM examination were successfully synthesized by a modified sol-gel
method. The WST-1 and LDH assays showed that, alone, TiO,:Ce had no significant impact on cell viability and was not cytotoxic. However, the cell viability significantly
decreased with TiO,:Ce exposure under low-dose X-ray irradiation. Furthermore, the TiO,:Ce produced more ROS under low-dose X-ray irradiation. These results indicate that

the TiO,:Ce produced significant ROS under low-dose X-ray irradiation and promoted apoptosis/necrosis of A549 cancer cells. In the in vivo study, the TiO,:Ce can enhance
the efficacy of X-ray-induced PDT, and tumor growth was inhibited. These findings suggested that the TiO,:Ce nanocrystals could serve as photosensitizers in PDT activated by
low-dose X-rays for ROS generation as a potential treatment of deep-seated tumors/ cancer.
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Due to the photosensitizer and light source, traditional photodynamic therapy (PDT) is limited by its penetration depth. In this study, we developed X-ray-
induced photodynamic therapy, which uses X-rays as a light source to activate Ce-doped CaCO3 (CaCO3:Ce) to produce intracellular reactive oxygen species
that kill cancer cells (ROS). The A549 cell line was used as an in vitro and in vivo model to evaluate the efficacy of X-ray-induced CaC0O3:Ce. CaCO3: Ce
exposed to X-rays, the cell viability significantly decreased, and the cytotoxicity is broadly increased. In the treatment of tumors, it is not as harmful as
radiotherapy. CaCO3: Ce produces a large amount of ROS under X-ray irradiation and promotes the death of A549 cancer cells. CaCO3: Ce can enhance the
efficacy of X-ray-induced PDT and inhibit tumor growth in vivo. Blood analysis and hematoxylin and eosin staining (H&E) staining fully support the safety of
treatment. The mechanism of CaCO3:Ce activated by X-ray radiation to produce ROS and CO2 to cause cytotoxicity and inhibit tumor growth was discussed.
These discoveries and advances are very important to provide a novel treatment method as an alternative tumor treatment.

Specific aim of this study Material characterization
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The mechanism of CaCO3:Ce activated by X-ray to generate ol
ROS and CO2 for tumor growth inhibition. SEM images of CaC03:Ce particles
X-ray diffraction (XRD), field-emission scanning electron microscopy (FESEM), and energy dispersive
X-ray spectroscopy (EDX) were performed for crystal structure identification, surface morphology
observation, and composition analysis, respectively. CaCO3:Ce was successfully synthesized using
the co-precipitation method and confirmed by crystalline phase identification.The CaCO3:Ce particle
was spherical with a diameter of 1-3 um and surface of the particles was very rough and consisted
Cotiill 2o EDECaE0:Co of a large number of pores and channels.
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g determined by the degradation of methylene blue (t-test, mean + SD, mean +5D, n =6, **: p-value < 0.01).

& n=6,****: p-value < 0.0001). The in vitro PDT effects of CaCO3:Ce activated by
The degradation of methylene blue (MB) was X-ray irradiation were evaluated using LDH assay
evaluated to examine the generation of ROS. This ~ with A549 lung cancer cells. The result indicated
result indicated the significant generation of ROS the cellular death caused by CaCO3:Ce after
from CaC03:Ce when exposed to X-ray irradiation. exposure to X-ray irradiation.
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Effect of PDT by X-ray-induced CaCO3:Ce in vivo
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Tumor-induced BALB/c nude mice were
! @ reeee] W ® T ysed to in vivo PDT treatment. We chose
B CaC03:Ce  under X-ray irradiation,
§ . Sl indicated as PDT-CaCO3:Ce, as the main
safety assessment of the mice. Based on the results, there was [ experimental group. The results 'nd'cf’t_Ed
no significant difference between the experimental group and — that CaCO3:Ce could be a promising

control group, including no observable signs of side effects on e o) C e T photosensitizer activated by X-ray to great

. .. The tumor size (a) and body weight (b) in BALB/c nude mice injected with CaCO3:Ce and anti-tumor effect.
normal tissues from H&E staining. subjected to X-ray irradiation (t-test, mean £ SD, n = 4, **: p-value < 0.01).

H&E-stained slices of major organs harvested from scarified BALB/c nude mice at the
end of the animal study and ined under optical mi (scale bar: 50 pm).

Hematoxylin and eosin stain (H&E) examination were used for

Conclusion

The CaCO3:Ce particle was synthesized by the co-precipitation method and confirmed by crystalline phase identification in the vaterite phase. The cytotoxicity increased
when CaC03:Ce was activated by X-ray, and cell death was induced via necrosis or apoptosis in human lung adenocarcinoma A549 cells. The result was consistent with ROS

detection by the degradation of MB. The in vivo study also showed tumor growth inhibition based on the cell death mechanism induced by the overproduction of ROS and
CO2. A safety assessment by blood/serum analysis and H&E examination indicated that CaCO3:Ce is not toxic and causes no side effects to normal tissues. This study provides
a novel therapeutic approach as an alternative tumor treatment.
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Abstract

Photodynamic therapy (PDT) has been a common method of clinical tumor lesion treatment. However, the penetration depth of visible light restricted the application. Even the light source has been
changed to near-infrared, infrared light still unable to overcome the penetration barrier and only effective on the tumor surface. In this study, we used X-ray as a light source coupled with carbon-doped
TiO, (TiO,:C) for deep-seated tumor treatment. TiO, is a particle with a narrow band gap, which would produce reactive oxygen species (ROS) when exposed to soft X-rays. With the synergistic effect
of ROS, X-ray-induced PDT may overcome the limitations of penetration depth with a lower radiation dose. The results showed that the synthesized TiO,:C particles were identified as crystal
structures of anatase and could be activated effectively by soft X-rays to produce ROS, which could degrade methylene blue reach 30.4%. Once TiO,:C was activated by X-ray irradiation, the death
rate of A549 cells in in vitro testing was up to 16.57%. In the animal study, the tumor size gradually decreased after treatment and declined nearly half of its initial volume, while the control group was
twice. When the endpoint of the experiment, blood and major organs will be harvested for further analysis and examination. Based on the current results, we believe that X-ray irradiation activated
TiO,:C has the potential to overcome the limitation of penetration depth and improve PDT effects by inhibiting tumor growth effectively.

Synthesis of TiO,:C Particles

Titanium (IV) isopropoxide (TIP; Ti(OCH(CHj;),),) was the precursor of TiO,, and d-(+)-glucose (C¢H,,0,) was used as the carbon source. Two grams of Pluronic F-127 was dissolved in 40 mL of
absolute ethanol with magnetic stirring, and 5 mL of TIP was added and dissolved in the mixture. Three grams of glucose were slowly added into the solution and stirred until it dissolved completely.
The solution was kept in a static state, for precipitation. The precipitate was collected by centrifugation at 5,000 rpm, washed three times with absolute ethanol, and dried at 100 °C for 20 min. The
obtained powder was calcined at 400 °C for 2 h. Exam the product through XRD, SEM, EDS, TEM and XPS
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Figure 4. The in vitro photodynamic therapy
effects of TiO,:C activated by X-ray irradiation
was evaluated using LDH assay with A549 lung
cancer cells. Without X-ray irradiation, the
developed TiO,:C showed no significant toxicity
Figure 3. The generation of ROS of the synthesized TiO,:C under  (as low as 3.38 1.48% on day 2). When TiO,:C
A ‘ 100 nm X-ray irradiation determined by the degradation of methylene blue. ~ Was applied with X-ray irradiation, the death rate
© : @ The measurement was performed at a wavelength of 664 nm. The — of A549 cells increased to 16.57 9.63%. (t-test,
concentration of TiO,:C particles and MB were 1 mg/mL and 10 ~mean SD, n=6, *: p-value < 0.05).
Figure 1. Characterization of the synthesized TiO,:C nanoparticles. (a) XRD ppm, respectively. The exposure of X-ray irradiation is 100 s (t-
pattern compared with the underlined reference of JCPDS card no. 21-1272 test, mean SD, n=6, ****: p-value < 0.0001). PR
for anatase; (b) SEM image; (c) energy-dispersive X-ray spectroscopy (EDX) 300 * TiO C-X-ray
spectrum; and (d) TEM image.
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¥ o S Figure 6. Tumor size in BALB/c nude mice
PSR S SR S SR S P R 7 e o o P P injected with TiO,:C and subjected to X-ray
Rk smetar o) Binding energy (V) irradiation (t-test, mean SD, n =4, *: p-value <
@ (b) 0.05)
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. - x Conclusion
= This study have developed TiO,:C particles
PSS e e TR [P P AR PR P g g g

T g s o activated by X-rays as a promising approach to
© @ produce ROS and enhance PDT. The particles
Figure 5. The PDT efficacy of TiO,:C exposed to X-ray were synthesized at the nano-scale in the anatase
Figure 2. X-ray photoelectron spectroscopy (XPS) analysis of the  irradiation, evaluated by live/dead staining of (a) control  phase. The band gap was effectively reduced by
synthesized nanoparticles. (a) General XPS spectrum; (b) de-  group; (b) X-ray-treated group; (c) TiO,:C-treated group; and  doping with C, which could be easily activated
convoluted XPS spectrum of C 1s; (c) de-convoluted XPS spectrum  (d) TiO,:C-X-ray group (scale bars: 200 um), where green by X-rays to generate ROS. And based on the
of Ti 2p; and (d) de-convoluted XPS spectrum O 1s. represents living cells and red represents dead cells. current research evidences, it is believe that X-
ray irradiation activated TiO,:C has the potential
to overcome the limitation of current penetration
depth and improve PDT effects by inhibiting

tumor growth effectively.

The 6'" International Symposium on Radiation Education 3

Conference Room 1001, CHANG YUNG-FA FOUNDATION International Convention Center
Midliad 19-20 June, 2021 -~



Statistics on nutrition and health education of all kind 4§~
of cancer patients in different clinics M
Shu-Han Yang!, Jun-Yan Wang', Zheng-Fu Li', Cheng-Han Jiang!, Yi-Zi Chen!, Pei-Ying Xie', ‘ ’
Chih-Jen Huang -2

! Department of Radiation Oncology, Kaohsiung Medical University Hospital, Taiwan
2 Department of Radiation Oncology, Faculty of Medicine, College of Medicine, Kaohsiung
Medical University, Taiwan

[Purpose] [Results and discussion ]
Cancer p'atients are prone t.O loss Of: appetite and Tablel.Statistics on nutrition and health education of all kind of cancer patients
changes in taste due to their own disease factors in different clinics.
and during radiotherapy or chemotherapy, which
seriously affect the nutritional intake of patients, oo |TBE | oo | s | s | ae | 9 bame | -
leading to nutritional loss, weight loss, and . Eg He| 4% | bE 456 Mae HR r25 § iEe sE &
malnutrition. Through the intervention of nutrition
and health education, nutrition evaluation and diet 1 EOEE LT LY 8 S 8 Ty 2]y
guidance for patients receiving radiotherapy, and i [erwen 103
continuous tracking and problem solving for FEEBL LY 0ot ot
malnourished patients with significant weight loss kAR AR AR R R
and reduced food intake. If there is an eating slem w3 [olulelololololo] o] 168

disorder, intestinal nutrition is taught the use of
products, the preparation of filling formulas and the " AR R AR R
correct amount of diet to improve the nutritional & e 158
status of cancer patients. Nutritional health BEEL B | L2 ju oo

education intervention can increase the nutritional 155 i AN AR R
intake of patients, thereby improving leukocytes

i

and chemotherapy indicators and maintaining Folgmemsl| | o | o o3 nlofofololo]|tL
patient weight, allowing patients to continue to
receive chemotherapy and radiotherapy, reducing %0 P
side effects and infection rates during cancer 80
treatment, and improving the prognosis of the 0 NIOEBEEREL
disease. o
= 103EFT/ 25
50
[ Methods ) N 0EEEEREL

(A) Cancer Center Nutrition Counseling Clinic

#1045 P2/ iR

Mainly referrals and appointments by physicians
and individual managers.

0 BEEREL

1T ||In w bl LI
/) %f( ‘éﬁ ,\3)6& ,{gb’ %’%}@% %’Qy @f& {1\‘%‘& Qjﬁ? é’x@

Consultation object:

R 10SE3E PR
(1) Patients with head and neck cancer receiving

. & & .
CCRT for the first time. & £ A e

(2) Inpatlents with hlgh risk of malnutrition and Figl.Statistics on nutrition and health education of all kind of cancer patients in
discharged BMI<18.5. different clinics.

(B) Nutrition and Health Education Clinic/

Consultation [ Conclusion]

In addition to improving nutritional status and

The referral is mainly based on the nutrition note ) . . . o
quality of life, the intervention of nutrition

issued by the doctor, and the patient needs to

receive consultation in the outpatient nutrition education can also enhance the efficacy of cancer
classroom at his own expense. treatment. The period of radiotherapy is a critical
(1)Consultation target: After the doctor’s period of nutritional decline. If the patient’s
assessment, according to the patient’s nutritional nutritional status can be maintained or improved

needs before, during and after cancer treatment, a

nutritional note will be proposed. during this critical period, the patient’s tolerance to

the treatment can be increased while reducing the
incidence of infection, mortality and comorbidities.
This is the main reason why cancer patients need
active nutritional support.

(2)Consultation project: Cancer diet and nutrition
note.

Consultation management: nutrition consultation
<48 hours completion rate.
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Development of novel sonosensitizer using ROS generating C-doped TiO,

nanoparticles for Cancer Treatment
Minal Thacker!, Chun-Chen Yang '?, Feng-Huei Lin'?3
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1. Institute of Biomedical Engineering, National Taiwan University, Taipei, 10051 Taiwan
2. Department of Materials Science and Engineering, National Taiwan University, Taipei 10617, Taiwan
3. Institute of Biomedical Engineering and Nanomedicine, National Health Research Institutes, Miaoli County, 35053 Taiwan

ABSTRACT

Sonodynamic therapy (SDT) is an emerging approach that involves eradicating solid tumors in a site-directed manner with the help of sonosensitizers and low intensity ultrasound. Ultrasound
penetrates deep into the target tissue and activates the sonosensitizers to produce reactive oxygen species (ROS) that generate the cytotoxic effect. Titanium dioxide has gained much attention as
nanosensitizer due to its varied properties. Hence, in this study spherical carbon doped titanium dioxide nanoparticles were synthesized by sol-gel process. The formation of C-Ti-O bond lowers the
bandgap energy of TiO, which would be beneficial for the phenomenon of sonoluminescence to improve the effectiveness of SDT. DCFDA, WST-1, LDH and live/dead assay result exhibits good
biocompatibility of the synthesized carbon-doped TiO, nanoparticle. Additionally, the antitumor efficacy of C-doped TiO, nanoparticles under ultrasound irradiation (SDT group) was evaluated using a
mice model injected with 4T1 cells. SDT group could decrease the tumor growth significantly on seventh day of the treatment. Moreover, H&E staining results confirmed the effectiveness of SDT to
cause the death of 4T1 cells in the tumor tissues.

INTRODUCTION

Cancer has been the leading cause of death in the US or 40 consecutive years. Even
though there are effective cancer treatments like chemotherapy, radiotherapy,
immunotherapy etc., they not only kill cancer cells but harm the healthy cells as well.
Thus, an alternative therapy with fewer side effects called “Sonodynamic therapy
(SDT)” was proposed. SDT consists of three elements: ultrasound, sonosensitizer and
oxygen molecules. Activated sonosensitizer generates ROS which may cause the
death of tumor cells. Hence, in this study, the sonosensitizer C-doped TiO, was
synthesized through doping carbon into the anatase structure of TiO, to diminish the
bandgap. A square wave of the ultrasound at a resonant frequency of 1.0 MHz,
intensity of 0.33 MPa and duty cycle of 50% was used to induce the inertial cavitation o o
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and generate sonoluminescent light to activate the synthesized C-doped TiO,. f\. .,q"‘\‘. & PR ,§‘ d.,\" & & &
< o §
» FS
4 o
MATERIALS & METHODS ) - - .
Figure 3: Cell viability and cytotoxicity induced by C-doped TiO,
Material activated by US evaluated by WST-1 and LDH assay respectively
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Figure 1: XRD and XPS pattern of C-doped TiO,
3 b "’” IR Sy . ..y""_."_'.,
Figure 6: H&E stained images of tumor tissue (a) Control group (b) C-doped TiO,
© US group (d) SDT group
CONCLUSION
This study demonstrated that C-doped TiO, nanoparticles could be viewed as
Figure 2: SEM and TEM images of C-doped TiO, sonosensitizers in SDT activated by low-intensity ultrasound for ROS generation as
- an effective strategy for alternative cancer treatments in the future.
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A safe and easy experiment to measure natural radiation using

charcoal filter and underground water

'Kazuko ONISHI, 2Shiori OKADA, and *Masahiro KAMATA
' Advanced Support Center for Science Teachers, Tokyo Gakugei University, 2Faculty of Education, Tokyo Gakugei University
4-1-1 Koganei, Tokyo, 184-5801, Japan

1. Purpose of research

In this work, we explored the possibility of using underground water which could be easily obtained in many places. By using a plastic bottle
and a charcoal filter cartridge, a safe and inexpensive apparatus was developed for collecting low concentration of radon in water phase in short
time 1. Our method makes it possible to observe the decay of radon and the production of its offspring species even if we use ordinary tap water
coming from underground water source.

2. Radon and activated carbon

Radon is contained in small amounts in
underground water [21. We collected Radon
using activated carbon I3, Because of the half-
life, the radiation dose rate changes with time.
We developed a method that makes it easy

to investigate.

3. About underground water in Japan

In Japan, there is underground water that naturally
springs. Some of them are capable of collecting water

freely. (Fig.5)

Charcoal

Fig.1 Radon and activated

Radioactive
detector

carbon

Fig.2 Radionuclides in groundwater
(Uranium series) 451

222Rn changes to
214Pp and 2'4Bi
depending on the half life.

< half-life >

© ??Rn — 3.8day
O 24Pb — 26.8min.
O 214Bj — 19.9min.
O 210pp — 22.3year

4. Experimental equipment and Experimental procedure

/

Glass tube

Silicone rubber
stopper i

Sample water
(1.751)

/

Acti Tube
(Charcoal FFilter)

2 Litter
PET Bottle

Acti Tube (Charcoal Filter)

Fig.3 Experimental equipment
\\9 p quip! AN

Fig.4 Experimental procedure

)

Shake the
sample water
vigorously

Tube.

4) Replace the
water and repeat
steps 1) to 3).

Slowly ventilate the
gas phase to the Acti

2) 0\/1F

Remove the lid and
attach the Acti
Tube.

5) Take out the activated carbon

inside Acti Tube, wrap it in a film,

and measure it with
USB Geiger.

v

24

UsBGeiger.

Charcoa
Filter

/

.

1) Spring water of
Otaka no michi
(Kokubuniji, Tokyo)

2) Spring water of Nukui
shrine (Koganei, Tokyo)

Fig.5 Underground water in Japan

3) Kita-machi park well
pump (Kokubuniji, Tokyo)

/

5. Experimental results and calculated value (7

Fig.6 is experimental result. At the start
of measurement, the count rate is low.
Activated carbon collects radon, but
radon emits only alpha rays. Since this
measuring device measures only beta
rays, the count rate does not increase.
After a while, the count rate increases
as its daughter nuclide, 2'“Pb and 2!“Bi,
are produced. These are to emit B-rays.
The half-lives of these nuclides are 26.8
min. for 24Pb, and 19.9 min. for 24Bi.

By the radioactive equilibrium, indicating

Count rate [ min.]

N

10 | Kitamachi Park well (Kokubunji City, Tokyo)

Time [min.]

Fig.6 Experimental result

250

7

that the count rate becomes constant at about 2 hours.

This map is a disaster prevention well map of Kokubunji City in Tokyo.

(Fig.7) The color scale is the result of radon concentration in

groundwater studied by this research. As you can see, the concentration
of radon varies from well to well even in groundwater in the city. This
may be due to the depth of the groundwater and the stratum through
which the groundwater flows. We believe that this research will lead to
not only radiation education but also learning about groundwater.

6.Conclusion

-The radon contained in trace amounts in the groundwater was able to be

collected efficiently using a charcoal filter for cigarettes.
-It can be confirmed that these radionuclides are attenuated.

And good agreement was also confirmed with the theoretical value.
-We believe that familiar groundwater can be used as a teaching material

for radiation education.

The color scale sh
groundwater. (Unit: counts per minute)

\_ Fig. 7 Disaster Prevention Well Map of Kokubuniji City (Tokyo, Japan) Y,

Q) 3
ows the radon

LA A
LG

concentration in
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