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Prof. Dr. Jorg Huwyler is full professor and head of
the Division of Pharmaceutical Technology, Department
of Pharmaceutical Sciences, University of Basel. His
research interests are in the field of drug delivery and
drug targeting using particulate drug carriers. Important
professional milestones after his PhD in biochemistry
and a habilitation in pharmacy were appointments at
the University Hospital of Basel and the Brain Research
Institute, UCLA School of Medicine, Los Angeles. From
1999 to 2006 he joined the pharmaceutical industry,
where he worked as DMPK project leader for F.
Hoffmann-La Roche Ltd. in Switzerland. He joined the
University of Basel in the year 2010.
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Templated inverted particles as a
novel pharmaceutical excipient

We ask you to write your abstract within this page

including charts if you will use them.

Many patients, and in particular small children
or elderly, have difficulties to swallow pharmaceutical
tablets. Here, a novel excipient is presented, which
consists of micrometer-sized capsules. These tiny hollow
particles can be loaded with drug substances of choice
and subsequently compacted to form orally dispersible
and taste-masked tablets. Drug loading is achieved
using an efficient self-loading mechanism. After oral
administration, tablets disintegrate within seconds when
in contact with saliva. It is thus possible to produce oral
dosage forms, which can be produced at low costs and
greatly facilitate drug administration. High acceptance
of this dosage form by patients will lead to improved
compliance and therefore contribute to a better therapeutic
outcome. We will discuss technical aspects of the new
technology and report about findings from a clinical

proof-of concept trial.

Publication: https://doi.org/10.1002/adfm.202303333
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KlaUS Pollinger (Head of Manufacturing Science and Technology, Aenova Group, Germany)
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e ] [Curriculum Vitae / Biography]
HHIMOEE 221, BIEHMOMA 5 %2 [, RIEL Klaus Pollinger is a pharmacist by training and
FET 10 SELL L OREBRZ RO, IIZEEIE B SE J OV o+ holds a PhD in pharmaceutical technology. He has over
NRU = a v T4 RIREN Y % B8 B R RS 10 years experience in the pharmaceutical industry.
720 Cld e < RS B TS Bl 2 5B (CDMO) (2B Klaus held various leadership positions in Pharmaceutical
T AR CEM#EE AT 5o Development and Manufacturing Operations. He

has broad expertise in Contract Development and
Manufactuing (CDMO) as well as innovative medicines.



The 7th Toyama-Basel Joint Symposium

Industry-University Collaboration

Session 1

47 R=Ya vOEH - FEIBRA
FEH— € 21281 % R L iR

HHTERNIBETICEE 252 5,846,
FNDEBEN 7 — 7y bAOFFERMEIEL, L
7eDo Ty XD EWIHERIESD 0. BITEAI X
Db 72, FIICE L Tk, BEONRSEE
SFRBEA O, WRTEEO MRS D S
FECEIERIES G £ 15,

L2 L7 6 Prii RS g Pk e o
FIZ200ENH Ho i F LL v ﬁm&
EEHEE R 4> (HPAPD) Tdh 5 Z & LkEtk
DIKRETHb, TOEL L LA, ROBERAIED
BHELZWEEIC T 50 M2 T RIS BAFS IR
IAM, VA7 OBERICEM T BEWCEBI N
JIUE % 5 R,

ZORFR, LR X ) RIEET RO 720 O ik
TREWN YY) 2— Y 3 Y52 TX 5 CDMO
(PR3 i B s 25U r— e A T a NS & —
A%, RIS — U A Oy 2RI E 2 B 2
LWL,

KRB N & EHRRITRE & 72 525,
80% UL L4 HDOWISERSE S T4 VIZh B IE
AT IS T D, B & BHREOE W
HERMLT L7012, =V ATaNS F—I13FE
Wixrr/ay—=vY) a—aryEEIRFIOFR
T T —F 2R T HLEN D L, KELTD
NAFTRAFE) T4 (EEFRZE) [ Eoz
DITHFE N DA IREREA R 15 2L

T bRy FANV M A MV—T 3 U
W BRI 7 2N K o TR L 72 FE BT I 1A 45k
hTh b, HYDOIY ORI 2 B3 5 HH]12
Lo TNALFTRAL Y 71 LHEFRIE I E
T 5,

HEHE 2 TSR OB & B A FEAG O HE AR 1T X
0 VHPAPI (GE3PRiGERsy) 3BEmEcd 5.
PRI SHBASS BE S, B L EEH R KO

EERRMEL OO, TS BHMRLMHERL T
CORL Y FNIZHEL L TWRRITIUE R S v,
WRor A, Ak, TR AHZHEETS
HPAPI ORI a vy 7 b ANDERNZ72H D
PO TEEL D,

(APD) 121

Enabling innovation - challenges and
strategies in solid dosage forms drug
development services

Patients benefit from innovative drugs as they
are highly specific to pharmacological targets and thus
have higher therapeutic efficacy and less side effects.
Regarding dosage forms oral solids are favored, as they
offer high advantages in patient therapy adherence
stability and world-wide distribution.

Novel Active Pharmaceutical Ingredients (APISs),
however, have two main challenges: unfavorable
toxicology, i.e. high-potent APIs (HPAPIs), and poor
solubility in aqueous environments. Both compromise
formulation as oral solid dosage forms. Additionally,
drug product development must be executed with a
strong focus on time, cost and risk mitigation.

Consequently, CDMO service providers are often
the right choice for drug product development services,
as they offer flexible and efficient solutions to overcome
the above-named challenges.

Poor aqueous solubility leads to limited therapeutic
efficacy and is true for over 80% of drug substances in
today’s R&D pipeline. To offer time and cost-effective
development, service providers must offer flexible
technology solutions and a proven scientific approach.
Preferred technologies to enhance oral bioavailability
are lipid formulations, particle design and amorphous
solid dispersions applying e.g. co-precipitation, hot-melt
extrusion and spray drying. Therapeutic systems enabling
targeted drug release can improve bioavailability and
therapeutic efficacy.

Driven by an increase in complex therapeutics
and growing sophistication in toxicological assessments
HPAPIs are on the rise. Pharmaceutical developers and
manufacturers must adapt to this trend by offering utmost
product and employee safety and simultaneously ensure
flexibility and cost effectiveness. Consequently, strict
adherence to a holistic HPAPI handling concept based
on the pillars production equipment, processes, people is
essential.

19



20

H70 BilleN—ENLY

ryvyrarvil

A Y b VR

PP

H Lk %H t@(ﬁﬁ%%ﬁﬁ%ﬁ%%ﬁ%%-%ﬁ\%%M%%-%E)

Kazuhiro Inoue (Director, Institute of Pharmaceutical Development/ Director, Pharmaceutical Research
Laboratories TOA PHARMACEUTICALS CO., LTD.)
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[Curriculum Vitae / Biography]
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In 1988, I finished master’s degree in Graduate
School of Pharmaceutical Sciences, Kyoto University,
then joined Sankyo Co., Ltd. (currently known as Daiichi
Sankyo Co., Ltd.). Since then, I engaged in the research
and development of drug delivery systems utilizing
transdermal and transmucosal administration routes
until 2020. In the middle of this period (in 2002), I studied
the iontophoresis technology in Leiden University
as a visiting scientist for one year. In 2012, I got my
PhD from Josai University for the research about the
transdermal drug absorption enhancing technologies.
From 2020, I am working in Toa Pharmaceuticals Co.,
Ltd. to the present.
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Academia/Industry Collaboration
in Toa Pharmaceuticals Co., Ltd.

The internship program of Toa Pharmaceuticals
Co., Ltd. (referred to as TOA) is introduced as one of the
academia/industry collaborative activities.

TOA is a pharmaceutical company conducting
research and development of drug products which utilizes
special administration routes such as eye, inhalation,
nasal and so on. In addition, TOA is manufacturing a
variety of oral drug products as a contract manufacture.
To assure the continuous growth by this business
schemes, TOA needs human resources with high research
capability in niche fields of pharmaceutical science and
with high capability to create innovation to improve work
efficiency. TOA is conducting the internship program
with the expectation that it will be a good way to find
and educate talents to match TOA’s needs.

Internship is the activity to provide the work
experience to students. In a report from ‘the academia-
industry council about the future of the employment
and university education’ in 2020, the internship is
defined as the opportunity for students to confirm if they
have sufficient capabilities to perform the job or as the
opportunity for students to improve their skills through
practice. According to this opinion, six divisions of TOA
(Regulatory Compliance and Assurance, Production,
Pharmaceutical Research, Analytical Research and
Metabolic Pharmacological Research) are preparing
their own program consisting of classroom lecture,
tour of facilities, roundtable, and practices twice a year
(summer and winter) for a group of about ten students!
(about 100 students per year). In the practice of research
and development divisions, students can experience
the preparation of drug formulations, non-clinical
ADME studies and analytical tests with actual materials
and equipment. Feedback from the students by a
questionnaire after the program suggests that students put
high rating on TOA’s internship program firstly because
students can understand TOA’s business and atmosphere
of working environment in advance, and secondly
because students can evaluate the suitability between
their capabilities and TOA’s business in advance. This
suggests that TOA’s internship program is working as
expected.
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Tatsuya Murakami (Professor, Dept. Pharm. Eng., Toyama Pref. Univ., Visiting Prof, iCeMS, Kyoto Univ.)
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[Curriculum Vitae / Biography]
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Prof. Tatsuya Murakami obtained his PhD in 1998
from Kyoto University, Japan. He was a researcher at
Kyowa Hakko Kogyo Co., Ltd. during 1998-2003, and
then a JST postdoctoral fellow at the Cancer Institute,
Tokyo until 2005. He was appointed as an assistant
professor of the Institute for Comprehensive Medical
Science, Fujita Health University. He also got a position
as JST PRESTO (Sakigake) Project Researcher in 2007.
Then, he moved to the Institute for Integrated Cell-
Material Sciences (iCeMS), Kyoto University in 2009 and
then he was promoted to iCeMS PI in 2009 and then a
program-specific associate professor (PI) in 2013. He has
visited Prof. Leroux Lab in EHT Zurich in 2012 to start
joint research on the development of pH-responsive
polymer-coated lipoprotein drug carriers. Then, he
was appointed as a full professor of the Faculty of
Engineering, Toyama Prefectural University as well
as a visiting professor of iCeMS, Kyoto University
in 2016. His research focuses on the development of
therapeutically active nanomaterials using lipoproteins.
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High-density lipoprotein

engineering for eye drop treatment
of age-related macular degeneration

Age-related macular degeneration (AMD) is a
leading cause of blindness in people of 60 years old or
more all over the world. Current major treatment of (wet)
AMD is intravitreal injection of biopharmaceuticals
that inhibit neovascularization. While they have
revolutionized the AMD therapy, the route of their
administration is highly invasive. Eye drops has been
desired, but there are no clinically approved ones
currently.

The main pathological mechanisms of AMD
are dyslipidemia, chronic inflammation, oxidative
stress, neovascularization, which are similar to those of
arteriosclerosis. The dyslipidemia is visualized as retinal
pigment subepithelial accumulations (drusen) in a pre-
AMD stage. The retinal pigment epithelium is a major
source of reactive oxygen species because it is rich in
mitochondria and is under high oxygen concentration due
to abundant blood flow. Thus, drusen is easily oxidized,
and then the retinal pigment epithelium is damaged
through chronic inflammation induced by its oxidized
products.

High-density lipoprotein (HDL) is natural lipid
nanoparticles in blood. Its physiological activities
are known to well counteract the pathophysiology
of arteriosclerosis, and in fact, reconstituted HDL
nanoparticles exhibit anti-arteriosclerotic effects. One
of the trends in HDL research is the search for HDL
subpopulations that show high therapeutic effects.
In contrast, we are developing engineered HDL
nanoparticles (engineered lipoproteins, eLPs) to enhance
its functionalities.

In this presentation, | will introduce our recent
work on the preparation of two eLPs containing corneal
absorption enhancer and neovascular-targeting peptides,
their HDL functionalities, and, their therapeutic effects in
a mouse model of AMD.
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TSUkasa Iki (Graduate School of Medicine and Pharmaceutical Science, Ph.D. Program Third year, University

of Toyama)
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Skeletal muscle atrophy reduces
cognitive function in normal mice

Our previous study revealed that muscle atrophy
shifted the onset of memory dysfunction earlier in young
mice model of Alzheimer’s disease (AD). The atrophied
muscles secreted hemopexin, and i.c.v. infusion of
hemopexin induced cognitive impairment in young
AD and wild-type mice. This indicates the possibility
that hemopexin is directly involved in the onset of
cognitive impairment. This study aimed to elucidate
the onset of the skeletal muscle atrophy-driven memory
impairment and establish a new strategy to prevent
cognitive impairment by approaching skeletal muscle
hemopexin. Normal mice (ddY, 11-13 weeks old) were
used. To investigate effects of skeletal muscle atrophy
specifically, we used young mice rather than aged
or accelerated senescence mice. The hindlimbs were
immobilized by cast-attachment for 14 days. After the
cast immobilization, wet weights of hindlimb muscles
were significantly lower in cast-attached mice than those
in non-cast mice. Object recognition memory in the
cast-attached mice was impaired. Hemopexin levels in
the skeletal muscle and hippocampus were increased in
cast-attached mice. We are investigating prevention of
memory deficit by hemopexin antisense oligo injection
to muscle.

These indicate that skeletal muscle atrophy induces
cognitive impairment in young mice independently of

AD pathology.
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Zebrafish larvae as a vertebrate
screening model

Zebrafish (Danio rerio) is widely used as a
model organism in research fields like toxicology, drug
discovery, and disease modeling. Zebrafish is used as a
preclinical model for human diseases due to the similarity
in disease characteristics, molecular mechanisms, and
clinical relevance. Zebrafish have both innate and
adaptive immune responses. However, during early
embryonic development, it relies upon innate immunity
for its defense. Zebrafish embryo's innate immune
elements, like macrophages and scavenger endothelial
cells, mirror the mammalian system in morphology
and function. The zebrafish larvae model is used as an
early-stage screening tool for studying pharmacological
aspects like the circulation behavior and the renal and
macrophage clearance of a variety of drugs. Drug effects
and toxicity studies such as mitochondrial toxicity,
nephrotoxicity, neurotoxicity, and behavior analysis were
reported using this model. Optical transparency, low cost,
and easy spawning on large scales make zebrafish a cost-
effective model compared to other animal models used in

drug screening.
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KOSUke MatSUda (Graduate School of Medicine and Pharmaceutical Science, Ph.D. Program First year,

University of Toyama)
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Behavioral analysis of effects of
mirogabalin using a mouse model
of atopic dermatitis

Atopic dermatitis (AD) is one of chronic itch
diseases. ltch caused by AD is intractable, so that
it reduces the quality of life of AD patients. In this
study, we investigated whether a novel gabapentinoid,
mirogabalin, attenuated AD pruritus using spontaneous
AD model mice.

When mirogabalin (10 mg/kg) was orally
administrated, spontaneous scratching behaviors of
AD model mice were significantly reducted. Then we
examined whether mirogabalin affected locomotor
function in healthy mice by Rotarod test. When
mirogabalin (10 mg/kg) was orally administrated,
locomotor function did not change. Furthermore,
intracisternal injection of mirogabalin (10 pg/site) in
AD model mice also significantly suppressed scratching
behavior.

These results indicate mirogabalin has antipruritic

effect via central nervous system for AD model mice.
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Small Molecules, Big Opportunities:
A Multi-Purpose Platform for Off-
Target Analysis

Safety issues are the most common reason for the
failure of drug candidates. Thus, the early identification
of adverse effects is of major importance for successful
drug development and can lead to a significant reduction
of development time, animals used in preclinical studies,
and the total associated costs. Computational structure-
based design methods are often time and resource
efficient and have experienced immense improvement
during the past years. By combining classical methods
such as molecular docking and scoring with state-of-the-
art deep learning models, we develop an online platform
that enables us to predict potential toxicity triggered by
compound binding to a large number of known human
off-targets. In addition, the platform offers structural
insight into unwanted ligand-protein interactions
providing potential hints on how to avoid them. Focusing
on high quality structural data and combining results
from several computational protocols and models
into a consensus prediction provides a high degree of

confidence.

27



28

AT =11 | EVATE i AV I VR AV SRy VA

ryrav2

E L AMPIE £

OB JC WR EummvkcsAcsE: TOERER AW - POHE TOEEE WL 1 4)

Motoya Salto (First-year master's student, Department of Biotechnology, Faculty of Engineering, Toyama

Prefectural University)
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Penicillin specifically leads to ROS
& RNS generation in E.coli L-form

Antimicrobial resistance (AMR) is a major concern
within clinical settings. Bacterial L-form has no cell wall
that is a target for antibiotics. In the past, L-form was
isolated from recurrent urinary patients, suggesting the
possibility of L-form as AMR. L-form typically requires
anaerobic condition for cultivation. In previous research,
it is thought that inhibition of cell wall synthesis causes
reactive oxygen species (ROS) generated from aerobic
respiration. On the other hand, from our result, the
growth of L-form cells is inhibited by adding nitrate as
a substrate for nitrate respiration even under anaerobic
condition. However, growth inhibition of nitrate could be
confirmed using only Penicillin as a cell wall inhibitor,
using Fosfomycin could be not. It indicates that the
production of ROS resulting in antibiotics is just not
only caused by stimulated central carbon metabolism
through inhibition of cell wall synthesis. It is crucial to
understand how antibiotics Kills bacteria, but even these
traditional antibiotics remains unclear. Our research
provides new insights into the lethality of antibiotics in
ROS production and the possibility of developing novel

antibiotics.



The 7th Toyama-Basel Joint Symposium

Student Oral Presentation

Session 2

TLIZHYET - TV 4 v T ierrmrm)
Aleksandra BlagOJ evic (Molecular Pharmacy, University of Basel)

HRD S5 CIVICHET 2 %
YOSZED, B LG EEiR
WEELTED XD ICHKEET 20

FIARRL, FREARITT T A B BR TH 55
fa BRI RS L CEREIR 25 &322 D
Hbo wWARTERE LZERENOBLDET -
TBEY, RBRWoORIZIZmiARHER & LR
50— FMEEWHREREBINTWS, iz, 7~
VU IVHEDOXEH A Y T 1k, HifRR B E FUG
AU R v Fasr T —EBEHET L, HR
WLLTOXFHAY Y VORI ZESL 2D, &
DF N KGR TRE S, 205170 -
FEREMHFEZ IS 2 Lz FHAF T 2110
DY AT 4 FiEGEZFOICOEDLL T, WE
Wr 7B L TEWIEEMETRE IS
ZEWNTE FHRY Vv OBENT B EEC
XV, HPLCHHEICE TV FMF Y U2 B3
L. BAEW s RO 2 TTREIC L7z, SEfalt
B7veA412kh, FFRAY Y UhHitk (Cls,
MASP2) b L 0% (Xlla) o 7a77—+¥
ZIHET S LRI, SPRHTIC L D
BEERESEMNT SN, S TEELZDIZ, F
HALZ T Fe b, FIvB IO~ ZADIMiEH T,
RO T IR EB L L 7 F VR LTl
GIEEEAZ R LI ETH D, For ORI,
FAHARY T VTHiEHIRER & LTH 5\ id PK/
PD §¢ % ) L S ¥ 72358 k00788 & LT,
RN T 2R EOBHREOFELE L BIRKLTH S
ZE R,

Learning from nature: How a leech derived
protein can act as lead structure for novel
host defense modulation strategies

The complement system is a first-line-of-defense
barrier against pathogens, yet can turn against host cells
to cause clinical conditions. To address the growing
interest in complement-targeted therapeutics, nature
can provide valuable lead structures for complement
inhibitors. Owing to their intricate host defense evasion
strategies, parasites are particularly interesting; e.g.,
gigastasin from the giant Amazon leech impairs serine
proteases that are vital for complement and coagulation
responses.

To explore the therapeutic potential of gigastasin,
we expressed the protein in E. coli and characterized its
molecular and functional properties. Despite containing
10 disulfide bridges, gigastasin could be expressed
as soluble protein at good yield and purity. Given
its exceptional thermal stability, gigastasin could be
subjected to HPLC purification to remove endotoxins
and enable lyophilization and long-term storage.
Chromogenic substrate assays confirmed that gigastasin
inhibits proteases of the complement (C1s, MASP2) and
coagulation system (FXIla), and the target selectivity was
corroborated by SPR analysis. Importantly, gigastasin
showed potent inhibitory activity towards the classical
and lectin pathway of complement in human, monkey,
and mouse serum.

Our studies establish gigastasin as promising
option for the treatment of complement-mediated
diseases, either as preclinical candidate or as molecular
template for derivatives with enhanced PK/PD properties.
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Molecular mechanism of Src-
mediated tyrosine phosphorylation
of TAB1

TAKZ1 binding protein 1 (TAB1) and p38 are
the key factors that regulate TAK1 activation. TAB1
directly binds to TAK1 and facilitates its activation. p38

which is Ser/Thr kinase activated downstream of TAK1

feedback inhibits TAK1 activation via phosphorylation
of TABL. While the above-mentioned Ser/Thr residue
Src a: J: A TABI _7'_ a3y ]) V2 phosphorylation has been studied previously, we are

@f%,ﬂ:o) ﬁ\%ﬁ% focusing on TAB1 Tyr-481 in its TAK1 binding domain.
In this study, we clarified the mechanism by which

TAKI binding protein 1 (TAB1) & p38 14, % p38 and proto-oncogene product Src cooperatively
FEIGZ % F —+ TAKL O HEALHIC b 5 & phosphorylate TABL Tyr-481.

BT Thb, TABLIZ TAKL L EEEAEL
T TAK1 2L T %5, €O T TiliEILL 72
p38 1% TAB1 @ Ser/Thr %3 %V V1L § % =
ETCTAKI %74 —=FNy Z7lET L, 2h g
Tld LFE D Ser/Thr 583k ¥ BRALAWFZE S LT
7275 F 41X TABL @ TAKL B A4 Y NIZHE
55 Tyr481 I2HEH L7z,

AWFFETld. p38 & HA B EE T W Src 31
LT TABI Tyr48l ®V) YLz L4 2 =
EEHLITL 72,
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AT ) =B I AN
MAPK/PI3K ¥ 7 F Mg Bl &
% KR BRI 53 DRI E DA

BHEAT ) —~ CEME@E) X, mdIGn
LB TH b, XTI ) —< Tl MAPK/ERK
B XU PIBK/AKT O ¥ 7 F MR ERIE TOLER
B EPMBIIIEZ R niZEE Y. ZhbHo
HREHE IS %EE’J?&KEE%U . ERR TIRRR IR MY TG
FLEOPFHIZBWTEES LR E2 R LT
Wb, UL, 1ZEAEDBEZRIIMEIFH TIHE
FIH 2R LTCLE) Lo o T AT /=%
2B 5585 MAPK/PISK ¥ 7" VAL % 12
W& Lfr7- e lHERPRAICLEE ENTW5S,

Z OME~NORY FAIZIE, AR T 7 a—
FHRHW SN MAPK J O PISK LX)V TD
TURARREE 103 B G 2 e mA b3 A W 2
N ATy MAZY) == (HCS) 7v+tA
DI NIz, HEWHEERO-OIZ, R¥ED T
475 —® 2576 FOMALY Y 2 & 25,696
HOME L RKRBIOERILEWE AT ) —=
TL7 A n+ 46 *EO)(ﬁlﬁ'ﬂﬁ/\ff@i)‘ 1&74‘ At
EOVHEE O IC50 fli 2 F5> MAPK B X O/ £ 72
X PI3 AR PO 3 A BHEWRE E LTHIEh
720 BAEOI Y A, HAHDOE Y MEAEYWD
F =2y FEZEIZHT SN TWb, FA7zH Okl
E. ¥—=F7y ML OEEREE E IS
YR BB E IS T 2 FUE RS &
FMICTH Ho mAAEIIZIE. IS OFTHRIHEYE
ERROEHEMBEHEDO) — NMeEWE LThH%T
HHEEHEBL TV,

Natural products targeting oncogenic
MAPK/PI3K signaling in melanoma:
The challenge of identifying the targets

Malignant melanoma is the deadliest type of skin
cancer. It harbors an unmatched rate of mutations which
frequently arise in the MAPK/ERK and PI3SK/AKT
signaling pathways. Specific inhibitors of these pathways
and especially combination of targeted therapies show
spectacular initial results in the clinic. However, most
patients acquire drug resistances within just a few
months." Novel inhibitors targeting oncogenic MAPK/
PI3K signaling in melanoma are therefore urgently
needed.

To tackle this issue, a generic approach was used:
An innovative high-content screening (HCS) assay
was developed that quantifies downstream inhibitory
activity at the MAPK and PI3K levels. To this end,
we screened our in-house library of 2,576 crude plant
extracts” as well as additional 25,696 pure natural and
synthetic compounds. A total of 46 active compounds
were confirmed as downstream inhibitors of MAPK and/
or PI3K with IC, values in the low micromolar range.
Current efforts aim towards target identification of the
most promising hits. Our strategy includes similarity
searches and assessment of physical binding as well
as enzymatic inhibition with heterologously produced
pathway proteins. Ultimately, we envisage to develop
these newly discovered inhibitors into lead compounds
for future drug development.

[1] Lim, S.Y., et al. Mechanisms and strategies to overcome
resistance to molecularly targeted therapy for melanoma.
Cancer 2017; 123: 2118-2129.

[2] Darr, L., Hell, T., et al. High-Content Screening Pipeline for
Natural Products Targeting Oncogenic Signaling in Melanoma.
J Nat Prod 2022; 85: 1006-1017.
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i&

> 7

B

JET Vv a — VYRR IEH: 9 D 9
BREKICBFA Y7077y —3
A R NY G &

TN T — VR 2 (NASH) 13405
EHRERENE LTRIET 2B TH L, £/20 H
BRI RAKRTH D, b b ORREL IEMEIC
WL 72BN < 7 A D RHE. T - 720

JAE, B M NASH IR Z-9W B % 29 % H#l
NASH E 7NV~ 7 AL E N7z A ITHFH
<~ A% H\W T, NASHIRREIZB T 5 Rl
OB Z RN LTz T OFREER. SIER L5 R
52007077 =% 7y AN HER
T5I LR L7, SRR OM&ER. —HiX
FPAMEALFAEIS, b ) —IIPRAE - MRASHIC B
595 2 ARSI Tz,

UEnS, Wixzu7zr—IY9 7ty b Ok
RNT V AH NASHIRREAER I DS Z L 2ATR
I N7z,

Roles of macrophage subsets in
the pathogenesis of non-alcoholic
steatohepatitis

Non-alcoholic steatohepatitis (NASH) is caused
by lifestyle-related disease such as type 2 diabetes and
frequently involves obesity and metabolic syndrome.
NASH develops from steatosis and progresses to fibrosis,
cirrhosis, and hepatocellular carcinoma. Nevertheless,
an effective drug against NASH has not been approved.
Furthermore, an animal model that precisely reflects
human NASH pathogenesis has not been established.

Recently, a novel NASH model mouse resembled
human NASH pathology was established by Ichimura-
Shimizu et al. (Biosci Biotechnol Biochem. ;85(4):941-
94, 2021). Using this model, we investigated roles of
immune cells in the development of NASH. We found
that two types of differential macrophage subsets,
CD11c" and Ly6C" macrophages, accumulated in
the liver at the early phase of NASH development.
Fluorescent immunohistochemistry analysis revealed
that CD11c" macrophages colocalized with collagen,
suggesting that this subset might promote advanced liver
fibrosis. In addition, we performed comprehensive gene
analysis to elucidate the function of Ly6C* macrophages.
This macrophage subset upregulated anti-inflammatory-
and tissue repair-related genes, indicating that this subset
might have a suppressive effect on NASH development
(Int J Mol Sci. ;23(21):13251, 2022).

Taken together, our data suggest that function and
dynamics of two macrophage subsets may play a key role

in the progression of NASH.
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Yutaka TakaOka (Professor, Division of Bioinformatics, Center for Advanced Antibody Drug Development,
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[Curriculum Vitae / Biography]

UIREE TN 3 NI Y PN N T S S i R L
BERAE CTHAALY 2 2 O RARRR I i e TRRIRIHE O 2.
FURIR AR A BEE 2R JE R o312 i Bk 2 R S i1 2%
R AR AN L REAR RIS R A2
WEFERT IR 20 HORUR 2R A B IR 22 R 72 8 201l
Ha kW A B AL IR B 22 (1997) . SOREERHF / B
{LFREFE T BT JE T GSC R A K27 (~1999), HL4:
WEZETTRIEDTZEIT AT ZE R (~ 2001) & BB R LR
LRI T (~ 2004), #F K2R FBEER AN ZER CGI
L vy —KaraEhl (~2007), [ REEdEESE (~2009).
[ ANRRE D TR A e EZ (~ 2011) A ORSEPR AR
WP BedE gz (~ 2021) ZRET. B IR A ZE R
PRefR #d% (20215 ~)o

Yutaka Takaoka is Professor in Bioinformatics
Division, Center for Advanced Antibody Drug
Development, University of Toyama from 2021 and a also
visiting Professor in Kobe University Graduate school
of Medicine, Kobe Tokiwa University, and Kumamoto
University, too. In 1999, his PhD degree was obtained
from the University of Tokyo for the investigation of
molecular mechanisms of amyloid pathology by using
mouse models. His specialties are based on both wet
(molecular cell biology) and dry experiment (molecular
simulation, data science, and Al). His research is focused
on the computational drug design and in silico pathology
from 2007. He has a national qualification for the
Practitioner of Acupuncture and Moxibustion (PAM) in
1988.
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IRAT & BB TOVEINC X B0k (R
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1. Nature Communications 11:2777., 2020

2. Biomedicines 9(3):249., 2021

3. Nature Genetics 55: 1009-1021, 2023

4. PLOS ONE 14(1): €0225244., 2019

5. Microbial Risk Analysis 22: 100227., 2022
6. Microorganisms 10(10): 2090.,2022

Prediction for the adverse reaction
and efficacy of medicine by
molecular dynamics simulation

In the last 10-15 years, computational drug
discovery and the research for molecular mechanisms
of diseases has become realistic in academia due to
improvements in computer performance. In the research
of drug discovery in academia, it is important to take
a different approach from that of pharmaceutical
companies, such as creating new computational drug
discovery methods for niche diseases. This is because,
academia has limitations in terms of research funding
and manpower and cannot do as same as pharmaceutical
companies.

Our research team is small, consisting of only three
members, but it is possible to conduct multiple studies
in parallel by taking advantage of the latency after
starting the data analysis such as MD simulation in the
computer. For analysis, we sometimes use workstations
in our laboratory, but when the scale of computation is
large, we have also tried to shorten the analysis time
by using supercomputers. Then, it is also important to
proceed the research together with in vitro results for the
computational analysis.

I introduce four outcomes in this session: (1)
evaluation of nucleic acid drugs [1]; (2) research and
development of computational DR (drug repurposing)
[2]; (3) prediction of disease pathology [3]; (4) future
prediction by molecular simulation analysis and
mathematical model derivation (prediction of side effects
and treatment prognosis [4]; prediction of infectivity of
coronavirus subspecies [5, 6].

1. Nature Communications 11:2777., 2020

2. Biomedicines 9(3):249., 2021

3. Nature Genetics 55: 1009-1021, 2023

4. PLOS ONE 14(1): e0225244., 2019

5. Microbial Risk Analysis 22: 100227., 2022
6. Microorganisms 10(10): 2090.,2022
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HEHEZ PR T 2221 A 0158

2013 4F 2019 4F & L RF R TEM5EE (1L5)
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2013-Present, Professor, Faculty of Engineering,
University of Toyama
Antibody Engineering and Technology for Application

2000-2013, Associate Professor, Faculty of Engineering,
University of Toyama

Research on the gene responsible for adult T-cell
leukemia

1997-2000, Assistant Professor, School of Medicine,
Nagoya University
Research on sulfated glycans and midkine

1992-1997, Researcher, RIKEN
Research on glycosyltransferase

1991-1992, Researcher, RIKEN
Research on activin, inhibin and follistatin

1991 PhD, Toyama Medical and Pharmaceutical
University
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%5 ETIANARANERZEGT L L2
ML, BREIEIC XY AR ICEE S NS
P4 ¥ b — 7 % 3RkT % 0Bl TgA Hifkahs
TANVAHFHEEEZ AT A EEZH LN L7,
NS ORRIT. BRI 2RI 00 2 % 7F 5
IO T ¥ 23 b RPN —
LD E4HROBRET 7 F VRIFEICKECH
MybsdbnEBbhsb,

Comprehensive analysis of nasal 1gA antibodies

induced by intranasal administration of the
SARS-CoV-2 spike protein

Intramuscular vaccines are recognized as capable
of eliciting antigen-specific systemic humoral immune
responses but are generally recognized as incapable
of inducing mucosal immune responses, which is
important for protection against respiratory viruses
such as severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2) and influenza virus. The emergence
of such highly infectious viruses may undermine the
therapeutic efficacy of the intramuscular vaccines,
requiring more effective vaccination to prevent the
viral transmission through the upper respiratory tract.
Immunoglobulin A (IgA) is differentially distributed
between the systemic and mucosal immune systems.
Monomeric IgA (M-1gA) is predominantly present in
serum, whereas multimeric secretory IgA (S-1gA) is
the most prevalent IgA in mucous secretions. Since
nose epithelial cells are a primary target for airborne
viruses, intranasal vaccination that induces S-1gA in
the upper respiratory tract is desirable for protection
against the infection and transmission of the viruses
To understand the precise contribution and molecular
nature of S-IgA induced by intranasal vaccination with
respect to its antiviral function, we developed over one
hundred antigen-specific monoclonal M-IgAs from mice
that were intranasally immunized with a SARS-CoV-2
spike protein. Antibody phylogenetic analysis revealed
that antibodies obtained from nasal mucosa and non-
mucosal tissues originated from common ancestral B
cells, suggesting that intranasal vaccination can elicit a
systemic antibody response. Analysis of the reactivity
and functionality of the antibodies revealed that non-
neutralizing M-IgAs recognizing various epitopes on
SARS-CoV-2 spike protein can protect against SARS-
CoV-2 infection when expressed as S-1gAs, indicating
that IgA multimerization contributes to efficient virus
neutralization on upper respiratory mucosa. Our
investigation is the first to demonstrate the function of
nasal S-1gA at monoclonal level, which will contribute
to future intranasal vaccine development, including the
improvement of mucosal adjuvants and mucosal antigen
delivery methods to induce effective mucosal immune
responses.
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TIATINT R (KA ) THEYS 2 I B
RO, 2008 RIS A BUS L7z, Bl &HmE, 2011 4F
FC. MRZEOWLRENE T MRk 25 FKROR
LICBT R L. Z0k, 20144E12 HF T
AN T AT REY VT4 I CRE) TS
HELT, MIBEICEAATTFAR) L RERYTFF FR
R DB ETRIE L T2e ZDH, 2015 FEICT 54 T
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5T ER R O A S 5 BER SR HL D HLA
720 20204E7 54 TN IZT, MAEWSF O RFEIZERE
BT, 2022 S N—E N KREFE (A4 R) Z2EE AW
AR RATHAT.

Robin Teufel studied Biology at the University of
Freiburg (Germany) with a focus on Microbiology and
obtained his Diploma in 2008. During his succeeding
PhD studies in the same place, he investigated the
enzymology of bacterial aromatic catabolism until
2011. He then pursued postdoctoral research at the
University of California San Diego (USA) until December
2014, where he explored the biosynthesis of bacterial
meroterpenoid and polyketide natural products. He
then returned to the University of Freiburg in 2015
as independent research group leader working on
the biosynthesis and enzymology of various bacterial
aromatic natural products. He completed his habilitation
in Microbiology in Freiburg in 2020, before taking on his
current position as head of the division “Pharmaceutical
Biology” at the Department of Pharmaceutical Sciences,
University of Basel (Switzerland) in 2022.

His current work centers on the identification
of natural products from plants and microorganisms
as possible drug candidates. In addition, biosynthetic
pathways and involved enzymes are being investigated
and engineered to generate novel bioactive natural
product derivatives, e.g. with antibiotic or anticancer
activity.
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Biosynthesis and Bioengineering of

Bioactive Natural Products

Natural products of microorganisms and plants
typically adopt important roles for their producer, e.g.
for communication (e.g. quorum sensing signals),
defense (phytoalexins, toxins etc.), nutrient acquisition
(siderophores etc.) or mutualistic/antagonistic symbiotic
interactions (e.g. as protective antibiotics). Often, their
biosynthesis is only partially understood or remains
entirely cryptic. The Teufel group seeks to identify and
structurally characterize natural products from plants and
microorganisms and investigate their potential as possible
drug candidates or lead compounds, e.g. for the treatment
of infectious diseases or cancer. While our in-house
library of plant extracts is utilized to directly screen for
desired bioactivities in combination with biochemical
assays or high-content screens (talks Dr. Eliane Garo
& Maria Karpouchtsi), our efforts also aim to unravel
complex biosyntheses of natural products and the
underlying enzymology. This knowledge is then applied
for the bioengineering of natural product derivatives.

Currently, our efforts focus on bacterial tropone
and polyketide natural products as well as sesquiterpene
lactones from plants. Tropone biosynthesis relies on
an unusual intertwining of primary and secondary
metabolism in bacteria, in which the initial steps are
shared for the various tropones and rely on enzymes from
phenylacetic acid catabolism. In this pathway, a distinct
reactive open-chain aldehyde intermediate is formed,
which is either further catabolized to central metabolites,
or, in the case of tropone biosynthesis, cyclized to
afford the characteristic tropone scaffold. The structural
diversification of this shared natural product precursor is
then mediated by tailoring enzymes that are specific to
each type of tropone natural product and producer strain.
Aromatic polyketides represent another major compound
class, which are produced by type Il polyketide
synthases that generate poly-B-ketone chains. Following
cyclization and aromatization of this highly reactive
chain, pathway-specific tailoring enzymes further modify
the carbon-backbone. | will showcase how structurally
and functionally distinct flavin-dependent redox tailoring
enzymes are employed for the functionalization of
tropone scaffolds in the late-stage biosynthesis of various
tropones as well as aromatic polyketides.

In addition, | present our efforts to understand how
structurally diverse sesquiterpene lactone derivatives
are produced in Artemisia species. Our results point
toward a hitherto unknown Diels-Alderase-like enzyme
that generates a remarkable breadth of bioactive natural
products. We seek to identify and exploit this enzyme
for the production of natural and unnatural sesquiterpene
derivatives as potential drug leads.
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Eliane Garo studied pharmacy at the University of
Lausanne (Switzerland) and obtained her PhD in 1999
at the institute of pharmacognosy and phytochemistry
under the direction of Prof. Hostettmann.

She then moved to San Diego, CA for a
postdoctoral training in marine natural products
working with Prof. Fenical at the Scripps Institution of
Oceanography, University of California, San Diego.

She then held several positions in industry where
she gained experience working with different natural
product drug discovery platforms. She was first working
as a senior scientist at Sequoia Sciences (San Diego,
CA). After moving back to Switzerland, she joined
the contract research organization BioFocus (Basel,
Switzerland) as a principal scientist.

She had the opportunity to go back to academia in
2013 (in the group of Prof. Hamburger). She is working
since then as a research associate and lecturer in the
division of pharmaceutical biology currently under the
lead of Prof. Teufel.
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Lead discovery approaches in natural product
research: identifying novel compounds targeting
oncogenic MAPK/PI3K signaling in melanoma
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Natural products have been a prolific source
of new medicines and continue to provide lead
compounds for drug discovery. However, identifying
bioactive compounds in complex extracts remains
a major challenge. We have established a platform
for high-throughput natural products lead discovery
that implemented new technologies and tools such as
2D-barcoded liquid extract libraries, HPLC-based activity
profiling, as well as advanced metabolomic analyses. To
illustrate our approach, we present a project aiming to
identify natural compounds targeting oncogenic MAPK/
PI13K signaling in melanoma.

A library of 2’500 plant extracts was screened in
an innovative high-content assay (HCS) using melanoma
cells. HPLC-based activity profiling combined with
UHPLC-HRMS/MS identified compounds most likely
responsible for the activity in the extracts. This approach
led to the isolation of a diverse set natural products
scaffolds. To further explore the chemical space of
natural compounds active on our targets, the assay was
upscaled to a 384-well format and used to screen a library
of 3’500 pure natural compounds. Additional natural
product scaffolds were discovered, complementing those
initially found from crude extracts. Our workflow can be
used with any modern high-throughput biological assay,
emphasizing the value of state-of-the art analytical tools
for efficient natural product lead discovery.
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Oct 2007 to Aug 2010: BioReal Inc. ( U.S.A)
Apr. 2017to Sep. 2019: Asta Pharmaceuticals
Inc.
Sep. 2013 to Apr. 2014: Graduate School of
Medicine and Pharmaceutical Sciences for
Research, University of Toyama
Aug 2010 - Aug 2013, Apr 2014 - Mar 2023
Cooperative Researcher, First Department
of Internal Medicine, Faculty of Medicine,
University of Toyama

2007 Ph.D. in Agriculture (Kinki University)

ORCID: 0000-0002-6169-9930
https://www.researchgate.net/profile/Yasuhiro-Nishida-2

Specialty: Applied Microbiology, Medicinal Pharmacology,
Molecular Applied Biology, Endocrinology

(Energy Metabolism, T2DM)

Current interests: Research and development of
nutritional supplements and other products based on
natural products



The 7th Toyama-Basel Joint Symposium

Pharmaceuticals and Bioscience

Session 4

WAL OY : 7T AY FH
F DL VEH

TAY XY F (LT AX) 3E LB oM
BTl AbhbAaT /)4 FEEh B~k
B oOREEAFE T 30 41T LRIV PURILE
Pt sz, A . BV — 7 Tld.
AT b3y R E IR B RO Bk
ZRH L AERMICAX 2 KEAEEL TWD, e
& U AX OFUERALTE . BR R R AL i
R —HIAME R O FGEICEH LIFZE%2 17> T
. FORR MO AT T A4 N e IIEE 4
BERBECTLIFWICLRENI—EHBEZHET S
HAemL7z

HIZAX 2SR E R B i2o ., HURIEE L
pumER ER (BRI . PUESTEM. RRAIAE
RECaE. U 20 &Rk 4 2 A B MR L R 5
LW ENTE 2 TNOOIEHEFE % 2
5 ECHMICHBILENICL 23 0TH L WS
TEHRWYWLELLDHY., ZOMHDE, ik
WILKSE L LM% 4T-> CT& 72 2O T AX
A YA R (V7 FvisE) ICEIEA b L
AN X DA YA VP L3R L2 2
VERZAT AHERLHEEYDIC, AX A
WiZPE D B - IREHRE 2 8ET A1EHOS B
DRI T & 2 DHURALIEE &z Lz, [54%
flcoI bary R TIEEREER] 2653553
R L 7ze AR AT ORGSR, S S ERNERE
WRIRGEHEE (CT7TFA FRA A7) IV) O
HD—>TdHhAH AMPK OEMALZ A L7=1EH T
HY. ZOEIT B LAERTH S
% &9 % LEBHKPUE] 282 L Vw122 7%
BOTHLEIWLPII L COEHZEL,
PGC-1 a /Sirtuins #i % IEEL L. VbW B HE
ILERPIIRE SN AEH SO Lz TOAE
MzEmU, HEWMECZ )20 5 1EMRET
FHIC AX 2SERKC & 23T IRE L 72,

Blessing of the Sea:
Pleiotropic Effects of Astaxanthin

staxanthin (AX) is an orange to red fat-soluble
pigment known as a carotenoids abundant in marine
products in Toyama Bay, and its strong antioxidant
activity was reported about 30 years ago. We, Fuji
Chemical Group, have been developing efficiently
commercial-production of AX by cultivation of
freshwater unicellular green alga named Haematococcus
pluvialis. We initially focused on the antioxidant activity
of AX, especially its lipid peroxidation inhibitory effect
and singlet oxygen quenching activity. Our results
also revealed that, in contrast to other carotenoids, AX
physically quenches singlet oxygen very stably in diverse
environments.

Furthermore, as AX has been recognized widely
among people, numerous researches have been conducted
on various physiological activities such as anti-
inflammatory effect, anti-aging (especially in the field
of dermatology), anti-fatigue, improvement of cognitive
function, improvement of endurance performance, and
amelioration of lipid/glucose metabolic dysfunction
associating with obesity and type 2 diabetes mellitus. In
considering the mechanism of these actions, there are
many effects that cannot be simply concluded from the
antioxidant effects of AX, therefore, we have conducted
collaborative research with the University of Toyama to
elucidate the mechanism of actions.

In the progress of this study, we found that AX has
a direct effect on the regulation of the insulin signalling
pathway, independent of oxidative stress-induced insulin
resistance. Starting from this study, we have elucidated
that AX has a "regulatory effect on mitochondrial activity
in skeletal muscle,” which is partially independent of
its antioxidant activity in ameliorating obesity-related
glucose and lipid dysregulation in diet induced obese
mouse. Further analyses revealed that these effects
were mediated via activation of AMPK, a target of anti-
diabetic drugs such as biguanides and imeglimin, and
that these unique effects did not induce the exercise
resistance as commonly described in inexpertly effect
with intake of antioxidant nutrients. Moreover, it was
also revealed that AX activates the PGC-1a/Sirtuins axis,
which is expected to have potential anti-aging effects.

Through these actions, we believe that AX will
contribute to the prevention of chronic diseases such as
metabolic disorders and age related disorders, which are
becoming serious social problems worldwide.
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Mar.1994; Ph.D. in pharmaceutical sciences at Hokkaido
University, Japan

Oct.1993-Mar.1995; Junior Scientist, the Japan Society for
the Promotion of Science

Apr.1995-0ct.1996; Assistant Professor, Department of
Applied Pharmacology, Institute of Natural Medicine,
Toyama Medical and Pharmaceutical University, Japan
Oct.1996-Sep.2005; Assistant Professor, Research Center
for Ethnomedicines, Institute of Natural Medicine,

Toyama Medical and Pharmaceutical University, Japan
Nov.1997-Feb.1998; Guest Researcher, National Institute
of Mental Health, National Institutes of Health, USA
Oct.2005-May 2010; Assistant Professor, Division
of Biofunctional Evaluation, Research Center for

Ethnomedicine, Institute of Natural Medicine, University
of Toyama, Japan

June 2010-Mar.2017; Associate Professor & Head,
Division of Neuromedical Science, Institute of Natural
Medicine, University of Toyama, Japan
Apr.2017-Mar.2020; Professor & Head, Division of
Neuromedical Science, Institute of Natural Medicine,

University of Toyama, Japan
Apr.2020-Present; Professor & Head, Section of
Neuromedical Science, Institute of Natural Medicine,
University of Toyama, Japan
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Axonal repairing by diosgenin
in Alzheimer’s disease and its
application to clinical study

In Alzheimer's disease (AD), repairing neuronal
circuits is very crucial to improve memory impairment.
We have aimed to repair the neural network by natural
medicines for development of a new therapeutic
agent for AD. We had focused on diosgenin, which is
known as a constituent of Yam (rhizome of Dioscorea
japonica or D. batatas). Our studies provided solid
evidence showing that administration of diosgenin to
AD model mice (5XFAD) restored memory impairment.
To figure out its mechanism, axon-growing neurons in
the hippocampus connecting to the prefrontal cortex
were selectively visualized. Diosgenin (p.o.) extended
damaged axons successfully to the prefrontal cortex. The
axon-growing hippocampal neurons and naive neurons
were captured by laser microdissection to serve DNA
microarray. The two genes with the largest increases in
expression (SPARC and Gal-1) in axon-growing neurons
were focused. Overexpression of them in hippocampal
neurons improved memory deficits and promoted axonal
reinnervation to the prefrontal cortex in 5XFAD mice.
In order to implement the results of our basic research,
effects of diosgenin in humans were evaluated. Taking
advantage of Borderline of Pharmaceuticals to Non-
pharmaceuticals in Japan, we optioned to perform
clinical studies with Yam extract as more realistic and
feasible approaches than those with diosgenin itself.
A randomized, double blinded, crossover clinical
study for healthy subjects clarified upregulation of
cognitive function by taking Yam extract for 12 weeks.
Furthermore, a specified clinical trial was conducted on
subjects with mild cognitive impairment and mild AD.
Results suggested certain effects of the diosgenin-rich
Yam extract for cognition.
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