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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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Behavioral analysis of effects of
mirogabalin using a mouse model
of atopic dermatitis

Atopic dermatitis (AD) is one of chronic itch
diseases. Itch 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 spontancous
AD model mice.

When mirogabalin (10 mg/kg) was orally
administrated, spontancous 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.
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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.
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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 (Cls, MASP2) and
coagulation system (FXIIa), 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

TAK1 binding protein 1 (TAB1) and p38 are
the key factors that regulate TAK1 activation. TABI
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 TABI. While the above-mentioned Ser/Thr residue

SI'C a: J: ZQ) TABI _?. a3y ]) VZ phosphorylation has been studied previously, we are
@‘%,f B D ﬁa\% 1%% focusing on TAB1 Tyr-481 in its TAK1 binding domain.

In this study, we clarified the mechanism by which

TAKI binding protein 1 (TABI) & p38 1&. % p38 and proto-oncogene product Src cooperatively

SEIE % % F — ¥ TAKL O HALHIEC WD 5 & phosphorylate TABI Tyr-481.
Pl Th b, TABLIZ TAKI L HESAL
T TAK] 2L %0 £ T THEHMEILL 72
p38 & TABL @ Ser/Thr #J:% V) Y iLT %
ETTAKlI Z 74— FNy 7HET S, 2hd
TIE LEL D Ser/Thr 52 ¥ BALAWIZE E T
&7z 413 TABL @ TAKL KX 4 Y ICHE
55 Tyr481 I2HEH L7z,

AWFFETld. p38 & HA B EE T W Src 31
LT TABI Tyr48l ®V) YLz L4 2 =
LWL,
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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 PI3K/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 ICy, 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] Diirr, 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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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,
CDl11c" 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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