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Terai S*', Ezoe S$**, Mano K*?, Matsuzaki Y**, Sato
Y, Yamahara K*°, Okano H*®% Recommendations for
the safe implementation of intravenous administration
of mesenchymal stromal cells.

Regenerative Therapy. 2025,29:171-176. doi: 10.1016/
jreth.2025.01.024.

Mesenchymal stromalcells (MSCs) are
immunosuppressive, inflammation-reducing, and
fibrosis-modifying cells that are currently being used
for a variety of diseases. In this context, the transvenous
administration of MSCs must be performed correctly
under controlled standards. To support clinical
practitioners, the Japanese Society for Regenerative
Medicine (JSRM) formed Mesenchymal Stromal Cells
Infusion Working Group and developed a proposal on
the management standards that should be followed by
medical practitioners in the implementation of
regenerative medicine regarding the transvenous
administration of MSCs. This review provides a
comprehensive framework for the appropriate
explanation of intravenous MSC administration to
patients, including detailed discussions on the
associated risks, protocols for addressing potential
complications during administration, and strategies for
ensuring patient safety. Particular emphasis is placed
on the precautions and preparations necessary to
mitigate the risk of fat embolism during MSC
administration. The review outlines methods for patient
monitoring to prevent such adverse events, protocols
for responding effectively if a fat embolism occurs, and
best practices for the handling of mesenchymal stem
cells to minimize the likelihood of complications.
Additionally, it includes recommendations for post-
administration patient observation to enhance safety
and efficacy. This review further incorporates a
detailed checklist aimed at facilitating safe and
effective MSC administration. It emphasizes the need
for implementers to exercise the highest standards of
care throughout the process. By addressing key
practical and safety concerns, this review aims to
serve as a valuable resource for ensuring the secure
and reliable application of MSC therapies in clinical
practice. We hope that this paper will lead to the safe
transvenous administration of mesenchymal stromal
cells and that these recommendations will serve as a
platform for the implementation of regenerative
medicine in the future.

Keywords: mesenchymal stromal cells, stem cell
therapy, safety
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Smith N*® Deguchi $*°, Kawamata S*'""', Moore

JC*B, Makovoz B*!, Sullivan S*™*%, Falco V*®, Al-

Riyami, AZ™' Considerations for the development

of iPSC-derived cell therapies: A review of key

challenges by the JSRM-ISCT iPSC Committee.

Cytotherapy. 2024;26:1382-1399. doi: 10.1016/j.jcyt.

2024.05.022.

Since their first production in 2007, human induced
pluripotent stem cells (iPSCs) have provided a novel
platform for the development of various cell therapies
targeting a spectrum of diseases, ranging from rare
genetic eye disorders to cancer treatment. However,

several challenges must be tackled for iPSC-based cell

therapy to enter the market and achieve broader
global adoption. This white paper, authored by the
Japanese Society for Regenerative Medicine (JSRM) -
International Society for Cell Therapy (ISCT) iPSC
Committee delves into the hurdles encountered in the
pursuit of safe and economically viable iPSC-based
therapies, particularly from the standpoint of the cell
therapy industry. It discusses differences in global
guidelines and regulatory frameworks, outlines a series
of quality control tests required to ensure the safety of
the cell therapy, and provides details and important
considerations around cost of goods (COGs), including
the impact of automated advanced manufacturing.
Keywords: regenerative medicine, iPSC-derived cell
therapies, the cost of goods (COGs)
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Global perspectives for cellular and gene therapy

development and regulatory expectations: a

conference report from the 2023 NIFDS-PMDA-USP

Workshop for Advanced Therapies.

Cell & Gene Therapy Insights. 2024;10(6),916-922.

doi: 10.18609/cgti.2024.102

The 2023 NIFDS-PMDA-USP Workshop for
Advanced Therapies, held in Seoul, South Korea,
brought together global regulators, industry
representatives, and United States Pharmacopeia to
discuss the development and regulatory expectations
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of cellular and gene therapies. These therapies are
transforming regenerative medicine and the treatment
of cancer and hereditary disorders, necessitating
adaptable and flexible regulatory frameworks. The
workshop emphasized the importance of inter-agency
consensus to accelerate market access for advanced
therapies, highlighting challenges and solutions in
product quality management, regulatory science, and
drug approval processes. To foster scientific
advancements and guide the creation of unified
regulatory standards, organizers selected topics such
as CAR-T therapy, advanced 3D bioprinting, and iPSC-
derived cardiomyocyte patches. These sessions focused
on quality control strategies, manufacturing
comparability, and pre-clinical safety studies. The
event underscored the need for ongoing dialogue and
collaboration to ensure the safe and effective delivery
of these innovative treatments globally.

Keywords: advanced therapies, regulatory frameworks,

cellular and gene therapies
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Development (AMED)’s initiative for regulatory
harmonization and evaluation has conducted
collaborative research projects spanning industry,
government, and academia. This initiative focuses on
“Research for the quality and process control for
pharmaceutical continuous manufacturing.” A notable
project under this initiative has investigated “A
feasibility research for Multivariate Statistical Process
Control (MSPC) in continuous manufacturing of solid
dosage formulation” since 2021. To ensure “State of
Control” in continuous manufacturing, one approach is
to continuously monitor and control Critical Quality
Attributes (CQA) and/or Critical Material Attributes
(CMA) using Process Analytical Technology (PAT)
such as near-infrared spectroscopy. However,
challenges, including low API content and technical
hurdles in high-frequency real-time monitoring,
sometimes make PAT-based control impractical. This
study has examined the feasibility of MSPC, which
enables simultaneous monitoring of multiple factors of
the manufacturing process, as an alternative tool for
anomaly detection within the control strategy for
continuous manufacturing. The investigation has
identified both technical and regulatory challenges. To
clarify the way for strategic integration of MSPC into
control strategy and description in CTD, the research
team developed “CTD mock-up document of the case
study for the implementation of the Multivariate
Statistical Process Control (MSPC) in the continuous
manufacturing process for oral solid dosage form.” The
control strategy presented in this mock-up document
is just one example, and it should be noted that other
approaches are also feasible.

Keywords: continuous manufacturing, CTD mock-up,
MSPC
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The United States Pharmacopeia (USP) and
European Pharmacopoeia (EP) general test methods
include <735>X-RAYFLUORESCENCE
SPECTROMETRY 1) and2.2.37X-RAY
FLUORESCENCE SPECTROMETRY 2) as X-ray
fluorescence analysis methods. However, the Japanese
Pharmacopoeia does not list X-ray fluorescence
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analysis. Therefore, we performed elemental impurity
analysis of ICH-Q3D 3) using an energy-dispersive
X-ray fluorescence spectrometer and a limit test
method while comparing USP and EP. The samples
used were commercially available oral drugs,
Irsogladine Maleate Tablets and Famotidine Tablets.
Class 1 : Arsenic (As), Mercury (Hg), Lead (Pb),
Cadmium (Cd), Class 2A : Vanadium (V), Cobalt (Co),
Nickel (Ni), and Class 2B : Palladium (Pd) elements
were evaluated. All samples met the compliance
criteria, indicating that X-ray fluorescence analysis can
be applied to the analysis of elemental impurities in
ICH-Q3D. In this context, further improvements in the
sensitivity of X-ray fluorescence spectrometers are
expected in the future.

Keywords: X-Ray fluorescence spectrometry, EDXR,

elemental impurities analysis
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Takakura Y*!, Hanayama R*%, Akiyoshi K**, Futaki
S*! Hida K*°, Ichiki T*°, Ishii-Watabe A, Kuroda
M*", Maki K**, Miura Y**, Okada Y*", Seo N*",
Takeuchi T*"?, Yamaguchi T*", Yoshioka Y*':
Quality and Safety Considerations for Therapeutic
Products Based on Extracellular Vesicles.
Pharmaceutical Research. 2024;41:1573-1594. DOI:
10.1007/s11095-024-03757-4
Extracellular vesicles (EVs) serve as an intrinsic
system for delivering functional molecules within our
body, playing significant roles in diverse physiological
phenomena and diseases. Both native and engineered

EVs are currently the subject of extensive research as

promising therapeutics and drug delivery systems,
primarily due to their remarkable attributes, such as
targeting capabilities, biocompatibility, and low
immunogenicity and mutagenicity. Nevertheless, their
clinical application is still a long way off owing to
multiple limitations. In this context, the Science Board
of the Pharmaceuticals and Medical Devices Agency
(PMDA) of Japan has conducted a comprehensive
assessment to identify the current issues related to the
quality and safety of EV-based therapeutic products.
Furthermore, we have presented several examples of
the state-of-the-art methodologies employed in EV
manufacturing, along with guidelines for critical
processes, such as production, purification,
characterization, quality evaluation and control, safety
assessment, and clinical development and evaluation of
EV-based therapeutics. These endeavors aim to
facilitate the clinical application of EVs and pave the
way for their transformative impact in healthcare.

Keywords: extracellular vesicles, quality, safety
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Molecule Covalent Inhibitors; Chiral Bioanalysis;

Remote Regulatory Assessments; Sample

Reconciliation/Chain of Custody (PART 1A -

Recommendations on Mass Spectrometry,
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Regulated Bioanalysis PART 1B - Regulatory
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Bioanalysis. 2024; 16(9): 307-364. DOI: 10.1080/

17576180.2024.2347153

The 17th Workshop on Recent Issues in Bioanalysis
(17th WRIB) took place in Orlando, FL, USA on June
19-23, 2023.

This 2023 White Paper encompasses recommendations
emerging from the extensive discussions held during
the workshop and is aimed to provide the bioanalytical
community with key information and practical
solutions on topics and issues addressed, in an effort to
enable advances in scientific excellence, improved
quality and better regulatory compliance.

This publication covers the recommendations on

Mass Spectrometry Assays, Regulated Bioanalysis/
BMV (Part 1A) and Regulatory Inputs (Part 1B).
Part 2 (Biomarkers, IVD/CDx, LBA and Cell-Based
Assays) and Part 3 (Gene Therapy, Cell therapy,
Vaccines and Biotherapeutics Immunogenicity) are
published in volume 16 of Bioanalysis, issues 7 and 8
(2024), respectively.

Keywords: LBA, cell-based assays, immunogenicity
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Dessy F*!, Sonderegger I*? Wagner L*?, Buoninfante
A* Wadhwa M*°, Agnes J*°, Aksyuk A*’, Baclin
A*!' Bonhomme M™*® Cloney-Clark $*°, Corsaro B*",
Neto JT*", Fries L*, Gagnon L*% Garofolo F**,
Giardina P*", Green T™*® Guimera N*", Harris S*'°,
Helmy R*Y, Huleatt J*'®, Ishii-Watabe A, Jaeger R*",
Jani D*®, Janssen S*%, Kierstead L*® Makar K*%,
Marshall JC*# Mayer C** Mendes DN*", Murphy
R** Nadarajah S*®, Nolan K*", Plested J*°, Scully
I*" Solstad T**, Stoop J*", Tan C*¥, Verch T*",
Wilkins D*", Xu A*®, Zheng L**, Zhu M**:
Harmonization of Vaccine Ligand Binding Assays
Validation.
Bioanalysis. 2024;16(19-20):1067-1091. DOIL: 10.1080/
17576180.2024.2411925
The urgency and importance of organizing a global
effort to harmonize clinical assay validation specific to
the vaccine industry was identified during the drafting
of the 2020 White Paper in Bioanalysis due to the lack
of clarity and regulatory guidance/guidelines in

vaccine immunoassay validation. Using industry and
WRIB vaccine network, a vaccine immunogenicity
assay validation working group was assembled
consisting of 16 companies. The work on the first
white paper started officially in April 2021 focusing on
Vaccine LBA Validation (Part 1), and the drafting of
Vaccine LBA Development (Part 2) and Vaccine LBA
Monitoring & Transfer (Part 3) are presently ongoing
and expected to be published shortly after this paper.
Moreover, recommendations on Vaccine Cell-Based
Assays Validation (ELISpot and Flow cytometry) and
Vaccine Molecular Assays Validation (PCR, NGS,
NanoString) are also on the WRIB publications agenda
and the drafting is planned to start in mid-2024. For
too long, vaccine scientists have not had a clear
validation guidance for clinical vaccine immunogenicity
assays. We hope that this common effort will help close
this regulatory gap.

Keywords: vaccine, ligand binding assay, potency
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Wojcik J*!, Sikorski T*?, Wang J*°, Huang Y™,
Sugimoto H*®, Baratta M*’, Ciccimaro E*’, Green
R*", Jian W*%, Kar S*°, Kim YJ*'°, Lassman M™!,
Mohapatra S*", Qian M*>, Rosenbaum ATI*?,
Sarvaiya H*® Tian Y™, Vainshtein I*", Yuan L*',
Tao L*Y, Ji A™® Kochansky C*", Qiu H*®, Maes
E** Chen LZ**, Cooley M*®, Dufield D**, Hyer
E**, Johnson J**, Li W* Liu A*®, Lu Y**,
Meissen J*' Palandra J*°, Tang X*¥, Vigil A*®,
Wei W*# Vinter S*, Xue Y*®, Yang L**, Zheng
N*® Benson K** McCush F**® Liang Z**, Abberley
L**, Andisik M**, Araya M** Cho S]**, Colligan
L** Dasgupta A*®, Dudek M™*, Edmison A*®,
Fischer $** Folian B**, Garofolo F*¥, Ishii-Watabe
A, Tvanova D**®, Gijsel SK**® Luo L*°, McGuinness
M** 'Day CO*¥, Salehzadeh-Asl R**, Neto JT*,
Verhaeghe T*", Wan K** Whale E**, Yan W*¥*,
Yang E*? Zhang J**: 2024 White Paper on Recent
Issues in Bioanalysis: Three Way-Cross Validation;
Urine Clinical Analysis; Automated Methods;
Regulatory Queries on Plasma Protein Binding;
Automated Biospecimen Management; ELN
Migration; Ultra-Sensitivity Mass Spectrometry
(Part 1A - Recommendations on Advanced
Strategies for Mass Spectrometry Assays,
Chromatography, Sample Preparation and BMV/
Regulated Bioanalysis Part 1B - Regulatory
Agencies’ Inputs on Regulated Bioanalysis/BMV).
Bioanalysis. 2025;17(5):299-337. DOI: 10.1080/
17576180.2025.2450194
The 18th Workshop on Recent Issues in Bioanalysis
(18th WRIB) took place in San Antonio, TX, USA on
May 6-10, 2024.

This2024 WhitePaperencompasses
recommendations emerging from the extensive
discussions held during the workshop and is aimed to
provide the bioanalytical community with key
information and practical solutions on topics and issues
addressed, in an effort to enable advances in scientific
excellence, improved quality and better regulatory
compliance.

This publication (Part 1) covers in Part 1A the
Recommendations on Mass Spectrometry Assays and
Regulated Bioanalysis/BMYV and in Part 1B the
Regulatory Inputs on these topics. Part 3 (Gene
Therapy, Cell therapy, Vaccines and Biotherapeutics
Immunogenicity) and Part 2 (Biomarkers/BAV, IVD/
CDx, LBA and Cell-Based Assays) are published in
volume 17 of Bioanalysis, issues 3 and 4 (2025),
respectively.
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Tounekti O*', Prior S** Wassmer S*!, Xu J**, Wong
A™ Fang X*!, Sonderegger I*°, Smeraglia J*°,
Huleatt J*7, Loo L**, Beaver C**, DelCarpini J*",
Dessy F*'!, Diebold S*2 Fiscella M*", Garofolo F*",
Grimaldi C*", Gupta S**, Hou V*'°, Irwin C*!, Jani
D™ Joseph J*!, Kalina W*", Kar S**® Kavita U*",
Lu Y*®, Marshall JC*'°, Mayer C**, Mora J*%,
Nolan K*®, Peng K**, Riccitelli N*#, Scully I*",
Seitzer J*®, Stern M*#, Wadhwa M*?, Xu Y*%,
Verthelyi D*¥, Sumner G*!, Clements-Egan A*%,
Chen C*¥, Gorovits B*", Torri A*", Baltrukonis
D** Gunn G**, Ishii-Watabe A, Kramer D*%,
Kubiak RJ™®, Mullins G**, Pan L*°, Partridge
MA*" Poetzl J*® Rasamoelisolo M*®, Sirtori FR*¥,
Richards $**® Saad OM™*, Shao W*®, Song Y**,
Song S*°, Staack RF**, Wu B**, Manangeeswaran
M*¥ Thacker S*¥: 2024 White Paper on Recent
Issues in Bioanalysis: Evolution of Immunogenicity
Assessment beyond ADA/NAD; Regulated
Genomic/NGS Assays; Hypersensitivity Reactions;
Minimum Noise Reduction; False Positive Range;
Modernized Vaccine Approaches; NAb/TAb
Correlation (PART 3A - Recommendations on
Advanced Strategies for Molecular Assays and
Immunogenicity of Gene Therapy, Cell Therapy,
Vaccine; Biotherapeutics Immunogenicity
Assessment & Clinical Relevance PART 3B -
Regulatory Agencies’ Input on Immunogenicity/
Technologies of Biotherapeutics, Gene, Cell &
Vaccine Therapies).

Bioanalysis. 2025;17(3):105-149. DOI: 10.1080/
17576180.2024.2439229

provide the bioanalytical community with key
information and practical solutions on topics and issues
addressed, in an effort to enable advances in scientific
excellence, improved quality and better regulatory
compliance.

This publication (Part 3) covers in the Part 3A the
recommendations on Gene Therapy, Cell therapy,
Vaccines and Biotherapeutics Immunogenicity and in
Part 3B the Regulatory Inputs on these topics. Part 1
(Mass Spectrometry Assays and Regulated
Bioanalysis/BMV) and Part 2 (Biomarkers/BAYV,
IVD/CDx, LBA and Cell-Based Assays) are published
in volume 17 of Bioanalysis, issues 4 and 5 (2025),
respectively.
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Ito H*, Ito M: Recent trends in ginseng research.

J Nat Med. 2024;78:455-466. doi: 10.1007/s11418-024-

01792-4

Ginseng, the dried root of Panax ginseng, contains
ginsenosides and has long been used in Korea, China,
and Japan to treat various symptoms. Many studies on
the utility of ginseng have been conducted and in this
paper we investigate recent trends in ginseng
research. P. ginseng studies were collected from
scientific databases (PubMed, Web of Science, and
SciFindern) using the keywords “Panax ginseng C.A.
“genetic diversity’,

Mevyer’, “ginsenosides’,

“biosynthesis”, “cultivation”, and “pharmacology”. We
identified 1208 studies up to and including September
2023: 549 studies on pharmacology, 262 studies on
chemical components, 131 studies on molecular biology,
58 studies on cultivation, 71 studies on tissue culture,
28 studies on clinical trials, 123 reviews, and 49 studies
in other fields. Many researchers focused on the
characteristic ginseng component ginsenoside to
elucidate the mechanism of ginseng’s pharmacological
action, the relationship between component patterns
and cultivation areas and conditions, and gene
€XPression.

Keywords: Panax ginseng C.A. Meyer, Mini-Review

* Graduate School of Pharmaceutical Sciences, Kyoto
University

VEIFHE =", HaEE - RS ENE ['HA V1R
WDV BBNMR AR 7 L& HARSER kI~

DI (G5-9-190) 1 12D\,

HASEG S 7 4 — F 4. 2024:33(2):189-192.

BAE, HRIQNEICm, "HA Y YoM eico
WTOBMRP RSN, AEBEOSEFHRE LT
[MHA Y BT C BNMR AR Y b b & AR
FREAOIEH (G5-9-190) | OYHEEBET LT3
F 2[R, EEEEORIETH L [ANARY TV, E
BH] ORERFTZ2IT->TWw5b. KEIELTIR, 'HA
Y U EHD S RBENH S BBNMRAXRY bV E
L, ShxHWTRBREFET 5, MRRROEZ R
Az, ARTIRET, BEHMEONE T OHERABRE
TR E NS FHE R L, "HA Y VU EHoEA
%%%mﬁié.mm,%&wmﬁﬁ%uﬁﬂﬁ%mw

AR EAT DR, FOHREERICBVTHEE
?«%ﬁ% F 7o B 3 AR AR & FE S B BRI T
NEIZDOWTHER B,

TR

AR g HARSER 5 (JP19) — MR

PR - R E [ANARY Vv, g 8] RO

BE BRI OV T DIEHIR L.

LML [ 4 V7 4 A—3 3 v . 2024;78(2):172.

EF VERPZORBL TR AR ETHYLNS
EmHNANRY DY OBATOJPI8O BN TIX, ~NAX
VY VIR ARREMAE LTC2RED T EANZANRY UV
PHEETE I NG, GLEORBIZESN TS
L2 LJPERSERZEEZORAEICLD, fﬁ%@/\x«‘J
VVREBIE2REN—-FEENTEYERH Y, W
2R —EEEINTVDLHRETH->TH, TOIE
RETBAEOIEEBEICHEAT 5 L2V L 7.
NMR’C“&iZSﬁ‘?: 2RIKOX P DS+ RETH B D72

S RBICE TN 2RO Y 7 F VA E N TGQNMR T
DERICERBEEZRIZTTIENEZ LN INHDIR
MEHEZ, NAXRY T (25(K) OARTHE SN
REZ P E LT, NMRZ W7ok
ErBE L7z TEOREHIRMZ 1T .

FRIHRA L - MR T3S O FHIREE  (BI%ED & KRR
%% 7).
PHARM TECH JAPAN. 2024;40:91-93.
FrAEERE R (e MR T8 OFFMifEE L L
T, TIFE TITIEAGTE)E PR 5 5 PR e b i s A R R
WL U TR SN2 190 R IR B bees - Pk R s
B FFAG R IZ D W TRSE L 72,
Keywords : & MR T8 &, AKiBHA, RICEE
B -+ TR I A N A R A B 3



244 [E YAV S i

(ST T

$5143% (2025)

ZEHR AT 5 o i B Sk A 0 5 2 & iR

7.

PHARM TECH JAPAN. 2024;40:88-90.

JEA: 55828 A S 38 H & AT B AN T84 50 o0 v I 55
PR A BT 4 v & SHRBRE ORI O W TRRL L
7z.

Keywords : K- bZretkiiiig, MEisieMie, HE
P55 Pl e A L R

W R Y — 7 v — 2 W EEGREO T A

W RG24 EA.

7 7~ > 7. 2024;60:522-526. doi: https://doi.org/

10.14894/faruawpsj.60.6_522

WY — 7 3 v FEA R W7 EEERFEDO T 4 )V
AGZERBEIZOWT, FERRIZHEE S 25T L 725
RN LSS L7,
Keywords : KMAC Y — 7 ¥ 2 v 7, 74V A%4Ee
P, AFEEEL Fa A LR

WHEIT, TR, IIARRHE, I LEHE: 7 A

i TE L B9 B N O HLH R A o BLIR.

FEBRR . 2024;42:902-909.

77 NmEHRIIEETEEO—TH ), BIZTH
WL UBE 2275, € MEDT ) AfREDERIRIEH
ARSI CTEIE SN TV A, EHEBNI Vv, RS
AR OERIRBFEE, BRIRWIZE E 7213RERE L THET
&5, BUE, ERWIZEOERNNLin vivor /) Atk & ex
vivor ) ARETRR DN, SHK—WAEFND. 7
) AFREIZTANWANRY ¥ —E DA AN ~NF
FNOFIEHLIETH L. AT, 7/ AmERHED
FRRBAFE 2179 L CHl- THB L RETHERIREE O/
bz, BRABRBMGICLELRTRECHY - 74t
TEPRIZ B9 5 Bk 2 B L 7.

Keywords : 7/ s, ERPARER, Hifl

SORHAL, JE B HRICBI a4 VB

SEOBUIR & Bl F o,

W &AL 2024;51:368-377.

a 8= VMg (companion diagnostics) (34F
FE DGO H R ERCEHIWEH 2 ¥ 5-81 T3 5 72912
RSN HERINBZWHESREGTH D, HFEE L OFFEH
3 - ARSI & 72 o T b, ENTIZ20244E 1 H
FTIA0H D T V8= F Y BIEIREINTED
ZD9H B3 H IV AHBEDOHEISZHET H72D DM
MCH5B. L Davn=F Wi, PCRiE HE
FHAESet  (immunohistochemistry : IHC) #:, in situ’>
A4 7Y ¥ AL ¥— 3 (in situ hybridization : ISH)

nEOFEMERMEIE LT, PAMEEETICELR
R (MER, WHARE BG%RE) RPAMESTFO
FEBI 2 fRNT S % 2 & THEE DRI D @IE D 1) 75 % )
YA Flo, RETEKIEAY -2 22 2 (next-
generation sequencing : NGS) #:2MHEH L 52 0
YR VEWESHEURRE SN TE Y, BAT AR
PIEH SN TS, NGSEHORIEHIZE D, 1RO
BTCEBODBAMEE G T OE R % R L, £
DIEFHFIEIZOVWTZOBIE DO K EFIFIHET 52 &
MUREIC R D DDOH b, —HT, Ty =% ZWFED
7l H OB, B L a v oi=F VB D
[RGB 76 12 B9 2 SR R AR IR R s dkli§7 % a0 v /8=
T BMEEO BRI T ARE L EETTED,
ZHZIE U7 o HE LAENAATHEO b Tw 5.
AT, Ty 3=F Y ZREEOREDRFEHANIZ DO
TS A L & B, Bl EoBEIZOWTHA L7
Keywords : I ¥ /3=F Y ZWr¥, #1704 ViR,
KWLy — 27 v 2

I EEE - BEEEESE - mRNAEE 3o 5V R &

H A

The Lipid. 2024;35:71-80.

MERESE, [T ~F R L4 ) T
LA FFTHERSR, ¥ 37 BIClRsnsZ LR
CHBAERIHERT 20T, LHAERICI HGESR
HEHG] THY, —HMICALBHZEEIZ VLR
Twb., ZHIZH L, mRNAESRIZHTHEEMRED
RNASHCTHEL SN TEBY, & X7 HICHEREh S 2
ETHAMRICERIL, BERRBICE ) #ESN S, mRNA
RIHIIIGHICe MRNTHIIRE NG LENH S Z L
5, fHTELBHMREROMBIIRENTHS. Ulo
£ Bl EoEWD S, BERESE L mRNAEIED b
BRHEDE 2 TIIRE R ->TBY, £hEhiZon
THEEEMmAIED S TWwab, AfgTid, WEFEZ &
FHICHERR 3 & mRNARIEDF NI OWTHH T 5 &
LB, EINICBITAMES Y 7 4 OBBEEMmIZ )72
B Mz L7z,

Keywords : #BEPE%E, mRNARSE, §EEH

I EME, AN, PR ¢ AR PR R o B i

EE - REWEHEOE 2 h.

NN FFA LR EL T X —. 2024:82:328-335.
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HAOEE R EHZ MR LoD, BHIL T 2HRER
FIRE 2 Tt LS 2 P o HE ol i I PR B 2% (Reprocessed/
Remanufacturing Single-Use Medical Devices : R-SUD)
DWW TR L 7.

Keywords : H.EflH EERHEER, BRAEHE, BRBEIRE

IR T, = BST © RARS O AW 2 a3l
BT 5 3WoekE e M EEE TV & IV 72 B2 R R
P B OV BE R A 2.

INAFA > Z R —. 2024:41 (5):20-27.

PEFRE S O A W B VERHINE, R R O S
Lo THU BN EW N A7 b b ER#ET
H72DICFEME NS, BRSO YR 2 ERHIIS
BIF 5 3L MEMET IV E v Bk ow
WD, B2 R T e OV g ARV AN 33 1) 2 BLIK
EEBOBEIZOWTIESL L 7.

Keywords : 3tz MRZJE €TV, Bz 8 i,
Bz I A

A, REEAERE T, R AR R TATZ 3G L
o7y g NEHFEEGICHET 2 E] OME L 5%
DEHRAIOEE.

oA > F—=E 7 > 2024,39(7):10-12.

HUE, W% & OR R % SRR T RE 2 B2 (ML)
ZHBEE LAIDS FESEREM TR, LI
o T&l EHESTICBITLAIOL IR /2
MDA LD, FRZ, WREZHEEHME L
AIZIGEH L7270 7 5 MRS IS 2 5%
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WCIRAIRIGH L7270 7 5 A EERFRE B3 2 B35
KB R, HleeBE S LEL S NAEHE 2 E
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FORBERI R TFH204E (20084F) 1 HIZAKRE S, W
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HENTWE, AKFETIZ, G RF 2 —IZE ) AREZ5]
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Quantitative NMR (gNMR), particularly 'H-qNMR,
is useful for determining the absolute purity of organic
molecules. However, identifying the target signal(s)
for quantification is difficult, because of the overlap
and complexity of organic molecules. Therefore, we
focused on the *P nucleus, owing to the simplicity of
its signals, and investigated the *P-gNMR absolute
determination method by using organophosphorus
drugs, water-soluble cyclophosphamide hydrate (CP),
and water-insoluble sofosbuvir (SOF). The optimized
and reproducible *P-gNMR conditions, such as gNMR
sample preparation (ie., selecting suitable deuterated
solvents and a reference standard (RS) for *P-gNMR),
hygroscopicity and solution stability of the analyte and
RS, and gNMR measurements—--such as acquisition
time, relaxation delay time, and spectral width--were
examined. The CP purities determined using *P-gNMR
agreed well with those for the established 'H-qNMR
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method in D,O. In contrast, the SOF purity determined
using *P-qNMR was 1.6% higher than that for
'"H-gNMR in the protic solvent CD;OD. Therefore,
using a protic solvent, such as CD;0D, was not suitable
for *P-gNMR; the deuterium exchange with the RS for
P.gNMR (i.e., phosphonoacetic acid) resulted in a
small integrated intensity. Consequently, the aprotic
solvent DMSO-d; was employed to determine the SOF
purity. The data revealed that the SOF purities
determined using *P-qNMR agreed well with the
established '"H-NMR values, indicating that the
absolute quantification of SOF using both *P-gNMR
and '"H-gNMR is possible in DMSO-d;. Thus, we
established an optimized and reproducible *P-gNMR
method in validation study across multiple laboratories.
Keywords: quantitative *P-NMR, absolute purity,
cyclophosphamide hydrate
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FELEMERE 2024144 (4):359-65. doi: 10.1248/yakushi.23-
00151-F
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PHARM TECH JAPAN. 2024:40:36-8.
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(Multiple Chemical Sensitivity/Idiopathic
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7z.
Keywords: {L#WE, SEWNREREE, L ¥ M) —
YA A
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DL |, Part2 FEFIT X HRBIEME, ARIE3 Ik

GREILAFIZEDT LT,

Visual Dermatology. 2025;24:227-9.

20094E T A 0 5, MK H 2 A ¥ (hydrolyzed
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gl OfFHICE ) I AFT LV F—2 5T L HHIH
MR E, MEEII2IBNE L2 AMIIKE s
MEIC b eI, BT LIV —F L EEREEMN %
BT, bbb, OBEFEPH 2T AFIEES
N7z0i37%E0, QHWPEZ & F %\ 3 A F R OEIR
WCEDT7UVF—%3MEL7-DId e, 2L T, O
FAWEHE O~ RE L7203 %8, O3 HTH
L. AT, HEOLTCARIZE T LIV F—D%
JEA A Z XLV THESL L 7.
Keywords: ARG 2 F, P73 MMb, A4+ F—
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PHARM TECH JAPAN. 2024:40(9):125-6.
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FPRBEITREHBZ [KREEHEEREHE ], H%F



248 [E YAV S i

=]
on

.
=

A 28 T W&

$5143% (2025)

iS5 7 WP R AKGEK T TOMMFEREADH 5 20T
HWIHHZ [EMEEE ] SVEMT, LB
ROREIZHBDTWE. Thb0HH R EOKE A
MR R ORFIMIC X - THEICHAE LATbh,
CD LX) BYNER R [BRYOETTA] IR 5.

Keywords: rolling revision, drinking water, water

quality standard

AINRREGL BT v FLEYW (PFAS) OKE TS
BUsHREE R,

Journal of the Mass Spectrometry Society of Japan.
2025;73(1):27-99. doi: 10.5702/massspec.24-026

BUE, B34 CIRAKEROPFOSE X UPFOA % KE
EWHERCEH 2 S KEELEHD 0K LIF %,
PFOS - PFOADANOPFASO AL i A 1) R 12D T
BMFIEN TS, 22T, EVEEN LMLV
TiE, KEERHMEREHE oA GERE) %k
FE L7z BRITHES L7z irili &2 381, LB RS CIRESE S AT A
F g PFASSOM O —F 0 #rik 2 MGt L, AE oWl
K, AKEEK, KEKREFICE TN D ZNSPFASORIT
FRERAEZIT-> T 5. Fiz, KEAFTOPFASHHTE
DB L ZOFIFIZOVTHMFT Z T TnE I &
5, K TEZONEIZOWTHMEZ KT 5.
Keywords: drinking water, water quality analysis, per

and polyfluoroalkyl substances (PFAS)
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LTwb. ZLTC, Z0L9 RREHMIITEEL 2 L3
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HOILFWEC X 2 RFEHELZDIET 272012, 20V
A7 EBONFE UTERG R Eokx xbkasz s
TWab. AT, AEWEEHAZRER B2 dl
VR b D B EVEREAR 0 72 50 DATERIEL ) FLA 2D
THEHL T 2 & & BT, TOIUIREFEIZO VTR,
Keywords : A EW - & A RER mBLHE, VA7 58
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FEEEE 2024:27:233.
FERZLEOREA 2 IR OBRRF ORIV T
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Keywords : %%,

BRIRAE, BRiEA
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YAKUGAKU ZASSHI. 2025;145(2):93-94. doi:
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BEMOREXWHRT 2720, B3 SWHEEY, <~
43 MY VEOHEYWE I, A SN LR LEE
FEhRTOoN TS, EEHEZERTLAFEWEE A0
i, BEWNEERICHEWREREELEIS N, Z Eh D,
HHEAHAN OB GV %2 WY H 2§ % BRI DS B K
Thb. AmlEINHEWEHFEORBEL, Lo
LAY, NROLMIZE > ThiAe T, JEEGEIE OEH
T, ENZREIEG AR R L s LT, A
WFZEr, B TEE L ONR P& e i) L TRz 3T
&7 BHAEDMBEL T, EORE - RO%MHKRT 57
D, WHOGHACEITHED X hk 4 AL O RIS D
LENTWVSA, ZOBURIZEAGIIB W T3
ENTVREEEVEw., 22 TRELY Y RTYT AT
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YAKUGAKU ZASSHI. 2025;145(2):101-104. doi:

https://doi.org/10.1248/yakushi.24-00164-2

Pesticides, veterinary drugs, and feed additives
(hereinafter referred to as “pesticides”) can remain in
foods when used in agricultural and livestock products.
Since consuming a variety of foods every day can
result in ingesting trace amounts of these pesticides,
which may be harmful to health, risk management for
residual pesticides in foods is necessary to prevent
adverse effects. Based on the Food Sanitation Act, the
Ministry of Health, Labour and Welfare (MHLW) has
established maximum residue limits (MRLs) for each
pesticide and each food type. Currently, approximately
770 pesticides have MRLs set. Since May 2006, Japan
has implemented a positive list system, prohibiting the
distribution of food containing residual pesticides
exceeding the MRLs or uniform limit of 0.01 ppm for
pesticides without established MRLs. Appropriate
analytical methods are required to determine whether
pesticides exceed the MRLs or uniform limit.
Currently, MHLW has notified ten simultaneous
analytical methods and approximately 350 individual
analytical methods. However, many pesticides still lack
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developed analytical methods. These methods should
be simple, quick, and accurate, but developing them is
challenging. The National Institute of Health Sciences,
in cooperation with local health institutes, registered
conformity assessment bodies, and universities, is
working on developing these analytical methods. This
lecture introduces an overview and the challenges of
analytical methods for detecting residual pesticides.
Keywords: pesticide, maximum residue limit, analytical
method
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Mo E N, BHMerl SR TRENYE LS LTI

WikadNzz. BARSA 3 b F ¥ VESORRWILE:, 7
) NRRE, BHEER EENEROSHORMFICL D,
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WIRFIOLT, SOsH—", BT, kETE", 55

FEHT", BARIEATY, KWEEIA : Kudoa hexapunctata

HIER L FEb N B EhaiHEA O R E— R ET.

IASR. 2024:45(4):68-69.

20244E 2 H8 BTN CKudoa hexapunctata?SRINWE &
EZ oD BEHI00% % M2 A KB ARSI E L
72, ZOFEMIIOVTHET 5.

R S PR AT

PEA G, NI B REZ 6 )k 2 % P a etk
V) USHET A VR RAEEL & SRR S O
77 NS F. 2024:8(7) 62-64.

WEAE, BT YE DA <58 & IRYSAE O Sk 72 [
LI KRELMEE 2 ->TEY, WEARO M Lo 7
Ot AZHEST L EREETH L. PEg) v E
7 A VA (BLV) (EHI504ERTI22em & L TR &£
WCHEL, EHEoS bIctH Rl 7. AR
&, 7 AICERLAEREEREEEEY DD,
BLV DAL DO JES % il - 7678 % 485 5.

Keywords : ZFEgetk) v o5 4 VR, Rl
IR, LRk, SRR E

* RRURFERE

TR HARIZBUT A~ A 3 b3 Rl &l
BZonT.

Yakugaku Zasshi. 2025;145:117-120. doi: 10.1248/
yakushi.24-00164-5

HAIZHET 2 EmICEOREY A 3 M 238 %
NTVENIZOWT, KARRARTE . ZofE,
F o RMERD HIFRITRAESAMERT A T b
FIUTHALT 7T MERT VD, EEPOIEITHRME
W7 EoOMELEHEREZF I ERI T M) a7V RILEW
VIR E Nz, Fo, BFREH, I—e—%Eh0HH
gl 2HmERHHEEINTVELFT T PRI VA
25 MrEUI VI Ladr SR BBANEETLE SN
TWR7E= Y VEPRHEN. 20X HI, HAEK
T 2 EmlZBWTIE, fka SRR O~fa b2 v
P ENL., AT, ~fAarF>rohThird
ANxH L CTRED BN H D EENTVDET 77 bFT
O WTRHT 5.
Keywords: ¥4 I ¥ v, BWMEYE, 777 M%<
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Dongrui Z, Miyamoto M, Yokoo H, Demizu Y:

Innovative Peptide Architectures: Advancements in

Foldamers and Stapled Peptides for Drug Discovery

Expert Opin. Drug Discov. 2024;19:699-723. doi:

10.1080/17460441.2024.2350568

Introduction: Peptide foldamers play a critical role in
pharmaceutical research and biomedical applications.
This review highlights recent (post-2020) advancements
in novel foldamers, synthetic techniques, and their
applications in pharmaceutical research. Areas
covered: The authors summarize the structures and
applications of peptide foldamers such as a, f3,
v-peptides, hydrocarbon-stapled peptides, urea-type
foldamers, sulfonic-y-amino acid foldamers, aromatic
foldamers, and peptoids, which tackle the challenges of
traditional peptide drugs. Regarding antimicrobial use,
foldamers have shown progress in their potential
against drug-resistant bacteria. In drug development,
peptide foldamers have been used as drug delivery
systems (DDS) and protein-protein interaction (PPI)
inhibitors. Expert opinion: These structures exhibit
resistance to enzymatic degradation, are promising for
therapeutic delivery, and disrupt crucial PPIs
associated with diseases such as cancer with
specificity, versatility, and stability, which are useful
therapeutic properties. However, the complexity and
cost of their synthesis, along with the necessity for
thorough safety and efficacy assessments, necessitate
extensive research and cross-sector collaboration.
Advances in synthesis methods, computational
modeling, and targeted delivery systems are essential
for fully realizing the therapeutic potential of foldamers
and integrating them into mainstream medical
treatments.
Keywords: foldamer, stapled peptide, drug delivery
system
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) AREFOME, 7 AfREENICET S HAR
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WDV L 72
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PHARM TECH JAPAN. 2024:40(8):97-99

HARDBE Tz AR OFRHIEOSIEICE L T,
CIEICAT o 7R UOEIC B 2 28 M & B F 2 73T
il DBEELO W TR L 72
Keywords : @z T-Hl¥R 2 &5, FORHIE, duk

REEACIE AT UV —ICB T B FOREIEE.
PHARM TECH JAPAN. 2024:40(8):100-102.
R34 ISR SN BEW T L vy v o FoR il
ROBAEFNIOWT, INF TORMGRWIES % &K
AL DB DOV THESL L 72
Keywords : W7 LIV ¥—, FoR, Bk

JE R © - s 2 A7 2 IRE RN

O REERHIE O BSE & Z DI .

Yakugaku Zasshi. 2024;144(5):511-519. doi: 10.1248/

yakushi.23-00178-2

Nanoparticles, including liposomes and lipid
nanoparticles, have garnered global attention due to
their potential applications in pharmaceuticals,
vaccines, and gene therapies. These particles enable
targeted delivery of new drug modalities such as
highly active small molecules and nucleic acids.
However, for widespread use of nanoparticle-based
formulations, it is crucial to comprehensively analyze
their characteristics to ensure both efficacy and safety,
as well as enable consistent production. In this context,
this review focuses on our research using atomic force
microscopy (AFM) to study liposomes and lipid
nanoparticles. Our work significantly contributes to
the capability of AFM to measure various types of
liposomes in an aqueous medium, providing valuable
insights into the mechanical properties of these
nanoparticles. We discuss the applications of this AFM
technique in assessing the quality of nanoparticle-
based pharmaceuticals and developing membrane-
active peptides.
Keywords: liposome, lipid nanoparticle, atomic force

microscopy, membrane-active peptide
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5. sAHEIOHIZIE, AR 2V L v ok etk
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BT B HHEMDESR L HIEIZ OV TR L.

Keywords: novel food, food safety, regulation
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Precision Medicine. 2024;7:8-9.

i o — FOFE LR E MY HiE, ZhFET
EN, Wb, 7 S ONSHLH & BRIR 4 S8R0 5 M B Z
NZENMELTE22DS, 4#HIEZ 9 LzEE - M %2R
AT2HI - B0 LB OMEHEIZ X - T, AFICE
FREEN T — FOFE#ELE, X0 P CRIRN %295
T=IEHOODOREEIC ) OEBDPTREE 5D D
LEzohb, AfES T, ENOIEFEG], R
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AL« EIE SRR E R O E RSB ISO IDMP.

Precision Medicine. 2024;7:24-27.

FEI SR LARME I C, IR 20 PR3 B ) Ve 4k
TEM OSSN E I & 70 B R D 720 O FEHE R
(ISO IDMP) 7ZsBAs S 7z, ENLIRE, FOR % ol
ISO IDMPOFEEIZ M 7= ki 25t o S, BAEE
EBE 2 N—FEF A AD720 O Y flA DML TE
7z, ARiTIE, ISO IDMPOBEE L & 12, FEEIZT
oEBSR R I MLA, S ONSARIFICBI) 5 FEEOBUIR
EREDOE G2 O THEELL 72
Keywords © EBSFEAELEEAE, EE3EMFRBIEHR, 1SO
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PRI, WHSERT, ANBRA™ 0 RS
Ho EBEBIAE O ENE A T % &R EA~OWEH
IZ2oWT,

B R L F 2 7 MU — 1 > X, 2025:56:

32-34.

[ PSR R LARA 1 CHZE S M7z R MR B D 72 D DR
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PO ZEIRIIB W THE L 2 5 RBENBN OO D
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0, K% LIZISO IDMPYESE o JE A% fi <2 [ B 1) 72
N—FF A ANOWMY A DMEREL TEX72 EH LI,
ARIOBH Y512 X HISO IDMPEPE A DM # S 3%
T 5720, HAREFRNIZE ISR QW 7E i [P35 i ik
R O BB o [N B A OV A A PR~ 3
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7 7~ 7. 2025:61(2):156.

Small interfering RNA (siRNA) PE35hiE, #Hink
PRI T A2 HHERERES ) 74 L LTEREINTS
D, RNATF#HICHED S FEWEE T O FIIHNIC & ) 3
WMEFET S, ThF T2, siRNARIEG % &R
WROBWEN %% 259 2 Tld, BBILAWOREISE
K5 2EWEHIZI A T, BENECH]R B ECY DA~ N
ATNFAL X =2 a VIHKIET HEIEHZ EE T 52 &
DWEETHLEREENTWS., —JTIRNADEAH
RAHINBIEIZ G- 2 B EIE, ST TIEEAEHT S
Twaw, 78 b=y AE, 7075 1Mo —Ff
THY, AT VAL IREEBE OBERICED
MBBIEASFHEIE SN D, AFTIE, SIRNADEAIZ X ) FE
RIS FIRRERIC 7 = 0 b — 3 2R 5 &z P A
Y5 2 & w5 202 L7z Missenhausen S OHF 8K H
ZHNT 5.

Keywords : 7 =1 F—3 A, siRNA, MAVS
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B A L F 2 7 P — W1 > X 202455

(3):195-197. doi.org/10.51018/pmdrs.55.3_195

BRSBTS, FRIERIRSRE DRV N A F E 3 R
HESY ) 714 OB TE SN2 MR T, FIAE
HAERTEWHOFHA» RO ONE. TDiz0, h=V
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Cavoski A™", Chiu WA*®, Davies H G*°, Giusti A*",

Hartung T**", Hirabayashi Y, Hogherg H T*%,

Joglekar R*** Kojima H, Krishnan K*", Kwon S*%,
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F*#* Whaley P*"*: Time for CHANGE: system-level

interventions for bringing forward the date of

effective use of NAMSs in regulatory toxicology.

Arch Toxicol. 2024;98(8):2299-2308. doi: 10.1007/

$00204-024-03802-6.

Regulatory toxicology is a complex adaptive system
of data generation (research and testing), interpretation
(evidence review and risk assessment), and impact
(decision-making, risk management). System factors
are the modifiable elements of how the parts of the
system respond to external and internal changes and
challenges, including how the parts respond to each
other. The general interest in relying more heavily on
NAMs disrupts the equilibrium of the traditional risk
assessment paradigm, or system, and may cause the
individual parts of the system to behave in different
ways (some optimal, some sub-optimal). CHANGE is a
3-year process based on involvement, networking, and
dialogue to build cross-system consensus on
fundamental system factors preventing the paradigm
shift and opportunities for intervention. CHANGE
includes an international group of people with different
roles and focuses, having different specializations,
working in different sectors with specific types of
chemical substances covered by specific legislations.
Building on previous and ongoing efforts and

initiatives, focusing on system factors, we believe

CHANGE can be a catalyst for bringing forward the
date of effective use of NAMs in the regulatory
toxicology system.

Keywords: New Approach Methods (NAMs),
CHANGE, regulatory toxicology
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Okubo Y, Hirabayashi Y, Fukuda J*: Advances in

Genomic Toxicology: In vitro Developmental

Toxicity Test based on Signal Network Disruption

Dynamics.

Current Opinion in Toxicology. 2024;39(10):100489.

doi:10.1016/j.cotox.2024.100489

Developmental toxicity outcomes in humans and
animals often exhibit variability; hence, the demand for
predictive non-animal alternatives, particularly human
cell-based models, are increasing. Despite
advancements in genomic toxicology, which have

facilitated the identification of toxicity mechanisms and
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potential biomarkers, existing transcriptome analysis-
based methods have yet to yield highly predictive in
vitro developmental toxicity assays. One possible
reason is that assays at a single time point could not
capture the entire dynamic signal network during
developmental processes. This article addresses the
challenges in comprehensive gene expression analysis
and introduces novel iz vitro developmental toxicity
assays focused on the time-dependent dynamics of
signaling pathway responses crucial to human
development.

Keywords: Developmental toxicity test, Signal

disruption dynamics, Live-cell reporter assay
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NAF T 7 7ay—oHESERS O3 FRER) O
BRRZ A RIS D T, 19974F L2 15 38 5 1 i) 5 A [
B4 (ICH) TRESNE: (X4 3527 7y —itH
I GOIEERIZ BT 5L MEFHG] (ICH-S6) #'4 F
FAUVHRBRENTWS, ICHS6 44 KT 4 i3,
% OB FE BRI 2 DNAB % H W Tk S h
TeRNVE Y, W, MR BER T, PUREOL R
HHNCHEHEN TS, FD7, FOREMFFMITE
STALEWO X ) Ml — BT R L, r—ANA
r— A0l R4T) T EHNTE D L) HERBFEHIIRS N
Twhb, —hFT, TOICHS6 (R1) 1 FI4 VIZH
LC, WES OBRSEMBFSEN O 208 % AR B BT O
BAb BRI, BhdbTy 77— s EE b S
S, BB HEI L FEICL > TREEINL L)1
oTWwh, AT, N4 FEIEMHBATEOBUIR & I
IRZAEEFANC 3517 5 FREIC DO W TR L 72
Keywords : ICH-S6, PuikdE, Z24VEEF

*RNEAT B R 3 i PRI R AR A A

EEFHY BEHB - Early life stressB X OGS
B2 BERED A ML RARIVE HHEEA R RIC
BIITTHE

DOHaD#F7E. 2024;12(1):30-38. doi: 10.51067/dohad.
12.1_30

Early life stress (ELS) is the extreme mental or

physical stresses in early life stages. Recently, we have
focused on ELS as environmental factor involved in a
health hazard for male reproductive system in
children. Neonatal maternal separation model and
corticosterone administration model are used to
evaluate the effects of ELS on male reproductive
system. As a result, it is showed that the exposure to
ELS and following excessive secretion of corticosterone
are related to decreased number of Sertoli cells
through upregulation of p27, the cyclin-dependent
kinase inhibitor. Moreover, the decrease of Sertoli cell
number was not recovered in postpuberty and it may
be involved in long-lasting damages on male
reproductive system, including the decrease of
spermatozoa count.

Keywords: early life stress, corticosterone, male

reproductive system
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Less than 10% of the candidate drug compounds are
associated with male reproductive toxicity. Genetic
and/or epigenetic information on sperm may be crucial
for fetal development. Therefore, developmental
toxicity, such as paternally transmitted birth defects, is
possible if genetic abnormalities in the male germ line
persist and accumulate in the sperm during
spermatogenesis. First, this study provides an
overview of chemical and male reproductive toxicity,
which may lead to developmental toxicity from the
perspective of male reproduction. Second, we
demonstrate methods for evaluating male reproductive
toxicity to anticipate male-mediated developmental
toxicity. We developed a novel staining technique for
evaluating sperm quality, as well as a noninvasive
imaging analysis of male reproductive toxicity. The
former is a mammalian male germ cell-specific staining
method using reactive blue 2 dye (RB2), as previously
confirmed in human sperm, and a method for detecting
the early-stage DNA fragmentation in a single nucleus
from mouse spermatozoa using single-cell pulsed-field

gel electrophoresis. The latter is a new, ready-to-use,



256 [ES VAR VSR T <Y

=]
on

(ST T

$5143% (2025)

and compact magnetic resonance imaging (MRI)
platform utilizing a high-field permanent magnet to
evaluate male reproductive toxicity. The
histopathological analysis supported the suitability of
the MRI platform. The present study, for the first
time, revealed a rapid, noninvasive evaluation of male
reproductive toxicity iz vive using compact MRI.
These novel toxicity assessments can help predict
male-mediated developmental toxicity, contributing to
accelerated drug discovery and drug repositioning.

Keywords: reproductive toxicity, developmental

toxicity

NEPE— - JERRIR A VERFMI IS B1F A New approach

methods & L CTOMIEA N NEOEH.

BEZEDdH A, 2024;291(9):835-842.
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Methodologies (NAMs) 2 & 2 31 274l 12: 00 e 7 13 2
ROREL o TV 5.
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fasb /Mg (extracellular vesicles : EV) 7%, 2%A % #74f
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X0, I TIREEM e MNPSOS Engineered Heart
Tissue DRI A, AR~ DILH b BEF s
TBY, FEHERFHGY — Ve LoD & PR
Na. Fkmiz, DNERHDIERBE L EOFEER D
FEUE A RO L 72 e M PSHIUBEEA A3 IS 2 AU, WA
A ZR L IEmRRBRE OB R Es RSN
5. AETIE, & MPSHURBEN 2 RN L 72 JEEIREE
fili 2 B3 % i OBl & SO ZITOW TG T 5.
Keywords : NAMs, 4, & MPSLH

Sato K, Taquahashi Y, Suzuki I*: Attempts to

improve non-clinical evaluation predictability by

vivo imaging and microphysiological systems-The
cases of the CNS seizure risk assessment and drug
delivery to the alveoli.

YAKUGAKU ZASSHI (in press).

To increase success rates of clinical studies,
preclinical evaluation systems have been expected to
improve human predictability. In addition, future
preclinical studies need to become more sophisticated
and efficient on the back ground of the adoption of
FDA Modernization Act 2.0 and the 3R principle
promotion of animal tests. In this review, we will
discuss about the efficiency of iz vive imaging in
preclinical studies taking an attempt to establishment
of in vitro in vivo extraporation (IVIVE) model for
seizure risk assessment using microphysiological
system (MPS) and magnetic resonance imaging
(MRI)’, and’ anattempt to predict drug delivery to the
alveoli as examples. In the seizure risk assessment of
new drugs so far, primary cultures of rodent neurons
and iz vivo behavioral observation have been mainly
used, however, since the human induced pluripotent
stem cell (iPSC) technology was reported, the need
for IVIVE model is more and more increasing to
improve human predictability. As an MPS, we here
introduce microelectrode array (MEA) system
recording of primary culture of rodent neurons, while
as in vivo experiments, we here introduce the
measurement of cerebrospinal fluid (CSF)
concentrations and MRI imaging of forebrains of the
rats Lp. injected with seizurogenic compounds. In case
of inhalation drugs, it has been difficult to confirm
whether or not the drugs surely reach alveoli. We
visualized two-dimensional spatial localization of
inhaled ciclesonide (CIC) in ratlungs after

administration of a single dose of a CIC aerosol using

by desorption electrospray ionization-time of flight

mass spectrometry imaging (DESI-MSI).

AL TR

Aoi T*', Asaka I'?, Akutsu H*®, Tto Y*', Kataoka

K*® Kanda Y, Kojima H, Sekino Y*°, Suemori H*?,

Nakagawa M*? Nakamura K*’, Nakamura Y*® Fujii

M*, Furue M™, YamazakiD:Secondary

Publication: Proposal for Points of Consideration for

Pluripotent Stem Cell Culture.

In Vitro Cell Dev Biol Anim. 2024 May:60(5):563-568.

doi: 10.1007/s11626-024-00863-w.

Human pluripotent stem cells, such as human
embryonic stem cells and human induced pluripotent
stem cells, are used in basic research and various
applied fields, including drug discovery and
regenerative medicine. Stem cell technologies have
developed rapidly in recent years, and the supply of
culture materials has improved. This has facilitated the
culture of human pluripotent stem cells and has
enabled an increasing number of researchers and
bioengineers to access this technology. At the same
time, it is a challenge to share the basic concepts and
techniques of this technology among researchers and
technicians to ensure the reproducibility of research
results. Human pluripotent stem cells differ from
conventional somatic cells in many aspects, and many
points need to be considered in their handling, even
for those experienced in cell culture. Therefore, we
have prepared this proposal, “Points of Consideration
for Pluripotent Stem Cell Culture,” to promote the
effective use of human pluripotent stem cells. This
proposal includes seven items to be considered and
practices to be confirmed before using human
pluripotent stem cells. These are laws/guidelines and
consent/material transfer agreements, diversity of
pluripotent stem cells, culture materials, thawing
procedure, media exchange and cell passaging,
freezing procedure, and culture management. We aim
for the concept of these points of consideration to be
shared by researchers and technicians involved in the
cell culture of pluripotent stem cells. In this way, we
hope the reliability of research using pluripotent stem
cells can be improved, and cell culture technology will
advance.

Keywords: Cell culture, Good Cell Culture Practice,
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Yamazaki D, Ishida S*: Global expansion of

microphysiological systems (MPS) and Japan's

initiatives: Innovation in pharmaceutical development
and path to regulatory acceptance.

Drug Metab Pharmacokinet. 2025 Feb:60:101047. doi:

10.1016/7.dmpk.2024.101047.

Microphysiological systems (MPS) are gaining
global attention as potential game-changers in
pharmaceutical development. Since 2013, MPS
suppliers from university laboratories in the United
States and Europe have competed to develop these
devices. After the development phase, the focus shifted
to the accumulation of applications using MPS for
pharmaceutical companies and end users. In Japan, the
AMED-MPS project was launched in 2017, and since
then, several MPS devices have been marketed by
project participated suppliers. Initially, while Japanese
pharmaceutical companies adopted foreign products,
they also exhibited interest in domestically produced
MPS devices. The utilization of new approach
methodologies, including MPS, is expanding in the field
of chemical substances risk assessment, and the
Organization for Economic Co-operation and
Development test guidelines are expected to adopt iz
vitro evaluation systems as alternatives to animal
testing. This publication reviews global and Japanese
trends surrounding MPS and outlines activities aimed
at the regulatory acceptance of MPS as evaluation
systems for medical drugs and chemicals.

Keywords: Microphysiological systems, New approach

methodologies, Regulatory science
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BB, AR TROIBICHEDNT, TOMIERHEE
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1) Lopez-Otin C. et al, Cell, 186, 243-278 (2023).

2) Widjaja A. A. et al, Nature, 632, 157-165 (2024).

3) Castillo-Quan J. I et al, Proc. Natl. Acad. Sci. U. S.

A, 116, 20817-20819 (2019).
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Bourcier T*', McGovern T*', Cavaliero T** Ebere

G*’, Nishikawa A, Nishimura ]!, Ogawa K, Pasanen

M** Vespa A™, Van der Laan JM**: ICH S1

prospective evaluation study: weight of evidence

approach to predict outcome and value of 2-year rat
carcinogenicity studies. A report from the regulatory
authorities subgroup.

Front Toxicol. 2024,6:1353783. doi:10.3389/ftox.

2024.1353783.

The International Council for Harmonisation of
Technical Requirements for Pharmaceuticals for
Human Use (ICH) initiated a process in 2012 to revise
the S1B Guideline “Testing for Carcinogenicity of
Pharmaceuticals”. Previous retrospective analysis
indicated the importance of histopathological risk
factors in chronic toxicity studies, evidence of
endocrine perturbation, and positive genetic toxicology
results as potentially predictive indicators of
carcinogenic risk. In addition, a relationship between
pharmacodynamic activity and carcinogenicity
outcome in long-term rodent studies has been reported.
It was postulated that these factors could be evaluated
in a Weight-of-Evidence (WoE) approach to predict
the outcome of a 2-year rat study. The ICH S1B(R1)

Expert Working Group (EWG) conducted a
Prospective Evaluation Study (PES) to determine the
regulatory feasibility of this WoE approach. Drug
Regulatory Authorities (DRAs) evaluated 49
Carcinogenicity Assessment Documents (CADs),
which describe the WoE for submitted pharmaceutical
compounds. Each compound was categorized into a
carcinogenic risk category including a statement of the
value of the 2-year rat study. The outcome of the
completed 2-year rat studies was evaluated in relation
to the prospective CAD to determine the accuracy of
predictions. Based on the results of the PES, the EWG
concluded that the evaluation process for assessing
human carcinogenic risk of pharmaceuticals described
in ICH S1B could be expanded to include a WoE
approach. Approximately 27% of 2-year rat studies
could be avoided in cases where DRAs and sponsors
unanimously agreed that such a study would not add
value. Key factors supporting a WoE assessment were
identified: data that inform carcinogenic potential
based on drug target biology and the primary
pharmacologic mechanism of the parent compound
and major human metabolites; results from secondary
pharmacology screens for this compound and major
human metabolites that inform carcinogenic risk;
histopathology data from repeated-dose toxicity
studies; evidence for hormonal perturbation;
genotoxicity data; and evidence of immune modulation.
The outcome of the PES indicates that a WoE
approach can be used in place of conducting a 2-year
rat study for some pharmaceuticals. These data were
used by the ICH SIB(R1) EWG to write the R1
Addendum to the S1B Guideline published in August
2022.

Keywords: carcinogenicity study, ICH, weight of

evidence
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Parsons BL*!, Beal MA™? Dearfield KL***, Douglas
GR*% Gi M™ Gollapudi B*®, Heflich RH*', Horibata
K, Kenyon M*’, Long AS™? Lovell D*® Lynch AM™®,
Myers MB*!, Pfuhler S*', Vespa A*? Zeller A™",
Johnson G, White PA**: Severity of Effect
Considerations Regarding the Use of Mutation as a
Toxicological Endpoint for Risk Assessment: A
Report from the 8th International Workshop on
Genotoxicity Testing (IWGT).
Environ Mol Mutagen. 2024. doi: 10.1002/em.22599.
Exposure levels without appreciable human health
risk may be determined by dividing a point of
departure on a dose-response curve (e.g., benchmark
dose) by a composite adjustment factor (AF). An
“effect severity” AF (ESAF) is employed in some
regulatory contexts. An ESAF of 10 may be
incorporated in the derivation of a health-based
guidance value (HBGV) when a “severe” toxicological
endpoint, such as teratogenicity, irreversible
reproductive effects, neurotoxicity, or cancer was
observed in the reference study. Although mutation
data have been used historically for hazard
identification, this endpoint is suitable for quantitative
dose-response modeling and risk assessment. As part
of the 8th International Workshops on Genotoxicity
Testing, a sub-group of the Quantitative Analysis

severity could be applied to mutation. To approach
this question, the WG reviewed the prevailing
regulatory guidance on how an ESAF is incorporated
into risk assessments, evaluated current knowledge of
associations between germline or somatic mutation
and severe disease risk, and mined available data on
the fraction of human germline mutations expected to
cause severe disease. Based on this review and given
that mutations are irreversible and some cause severe
human disease, in regulatory settings where an ESAF
is used, a majority of the WG recommends applying an
ESAF value between 2 and 10 when deriving a HBGV
from mutation data. This recommendation may need
to be revisited in the future if direct measurement of
disease-causing mutations by error-corrected next
generation sequencing clarifies selection of ESAF
values

Keywords: genetic disease, germ - line mutation, risk

assessment
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Beal MA*', Chen G** Dearfield KL***, Gi M*,
Gollapudi B*®, Heflich RH™", Horibata K, Long AS™*',
Lovell D*¥, Parsons BL*’, Pfuhler SP*°, Wills J**,
Zeller A*", Johnson G*'2, White PA*"; Interpretation
of In Vitro Concentration-Response Data for Risk
Assessment and Regulatory Decision-making: Report
from 2022 IWGT Quantitative Analysis Expert
Working Group Meeting.
Environ Mol Mutagen. 2024. doi: 10.1002/em.22582.
Quantitative risk assessments of chemicals are
routinely performed using iz vivo data from rodents;
however, there is growing recognition that non-animal

approaches can be human-relevant alternatives. There
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is an urgent need to build confidence in non-animal
alternatives given the international support to reduce
the use of animals in toxicity testing where possible. In
order for scientists and risk assessors to prepare for
this paradigm shift in toxicity assessment,
standardization and consensus on iz vitro testing
strategies and data interpretation will need to be
established. To address this issue, an Expert Working
Group (EWG) of the 8th International Workshop on
Genotoxicity Testing (IWGT) evaluated the utility of
quantitative iz vitro genotoxicity concentration-
response data for risk assessment. The EWG first
evaluated available iz vitro methodologies and then
examined the variability and maximal response of iz
vitro tests to estimate biologically relevant values for
the critical effect sizes considered adverse or
unacceptable. Next, the EWG reviewed the approaches
and computational models employed to provide human-
relevant dose context to iz vitro data. Lastly, the EWG
evaluated risk assessment applications for which iz
vitro data are ready for use and applications where
further work is required. The EWG concluded that
vitro genotoxicity concentration-response data can be
interpreted in a risk assessment context. However,
prior to routine use in regulatory settings, further
research will be required to address the remaining
uncertainties and limitations.

Keywords: clastogen, genetic toxicology, new approach

methodology
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A* Chiu WA™® Davies HG™, Giusti A*'"°, Hartung
T**" Hirabayashi Y, Hogberg HT*", Joglekar R*",
Kojima H*", Krishnan K*", Kwon S*', Osborne

0J*" Roggen E*'® Rooney AA*' Rousselle C*",

Sass JB**? Sepai 0*#, Simanainen U**, Thayer

KA** Tong W*®, Wikoff D**, Wright F*¥, Whaley

P*!%. Time for CHANGE: system-level interventions

for bringing forward the date of effective use of

NAMs in regulatory toxicology.

Arch Toxicol. 2024;99:2299-2308. doi: 10.1007/s00204-

024-03802-6.

There has been considerable work over the past 20
years designed to bring about a paradigm shift in
regulatory toxicology from chemical risk management
decisions based on data from animal studies to a “Next
Generation Risk Assessments’ (NGRAs) system
founded on New Approach Methods (NAMs). Whilst
all NAM definitions include iz silico, in vitro, ex vivo
and in chemico approaches (Schmeisser et al. 2023),
some also cover iz vivo reduction and refinement
approaches (ICCVAM 2018; USEPA 2018). The
perceived potential benefits of NAMs that are driving
the paradigm shift include better protection of humans
and the environment, the reduction of animal testing,
and ultimately, a faster and more cost-effective test
systems for evaluating chemical safety (Dent et al.
2021; USEPA 2014).

In this article, we introduce the “Collaboration to
Harmonise the Assessment of Next Generation
Evidence (https://vkm.no/english/change/collaboratio
ntoharmonisetheassessmentofnextgenerationevidence.4
46€970eb18cbde223fe711f2.html)” (CHANGE) project,
a new initiative that seeks to design system-level
interventions for bringing forward the date of effective
use of NAMSs, explaining its goals, approach, project
management, governance, and funding. CHANGE is far
from the first effort to shape the use of NAMs in
regulatory toxicology, and we seek to build on or
complement efforts by ECHA, EFSA, ICCVAM, NTP,
PARC, US EPA, and many others (ECHA 2016, 2023;
EFSA et al. 2022; ICCVAM 2018; NTP 2024; PARC
2023; PrecisionTox 2024; USEPA 2018), all of which
seek to inform, progress, and advance use and adoption
of NAMs.

Keywords: next generation risk assessment, New

Approach Methods (NAMs), regulatory toxicology
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Corton JC*!, Auerbach SS*? Koyama N** Mezencev

R™!, Yauk CL*', Suzuki T: Review and meta-analysis

of gene expression biomarkers predictive of

chemical-induced genotoxicity iz vivo.

Environ Mol Mutagen. 2025 doi: 10.1002/em.22646.

There is growing recognition across broad sectors of
the toxicology community that gene expression
biomarkers have the potential to identify genotoxic
and nongenotoxic carcinogens through a weight-of-
evidence approach, providing opportunities to reduce
reliance on the 2-year bioassay to identify carcinogens.
In August 2022, a workshop within the International
Workshops on Genotoxicity Testing (IWGT) was held
to critically review current methods to identify
genotoxicants using various ‘omics profiling methods.
Here, we describe the findings of a workshop subgroup
focused on the state of the science regarding the use
of biomarkers to identify chemicals that act as
genotoxicants iz vive. A total of 1341 papers were
screened to identify those that were most relevant.
While six published biomarkers with characterized
accuracy were Initially examined, four of the six were
not considered further, because they had not been
tested for classification accuracy using additional sets
of chemicals or other transcript profiling platforms.
Two independently derived biomarkers used in
conjunction with standard computational techniques
can identify genotoxic chemicals i vivo (rat liver or
both rat and mouse liver) on different gene expression
profiling platforms. The biomarkers have predictive
accuracies of 292%. These biomarkers have the
potential to be used in conjunction with other
biomarkers in integrated test strategies using short-
term rodent exposures to identify genotoxic and
nongenotoxic chemicals that cause cancer.

Keywords: biomarker, genotoxicity, transcript profiling

*1 US. Environmental Protection Agency

*2 National Institute of Environmental Health Sciences
*3 Chugai Pharmaceutical Co., Ltd

** University of Ottawa

Froetschl R*!, Corton JC*? Li H*®, Aubrecht J**,
Auerbach SS*!, Caiment F*°, Doktorova TY*,
Fujita Y™, Jennen D*°, Koyama N*® Meier MJ*’,
Mezencev R*? Recio L*", Suzuki T, Yauk CL*":
Consensus findings of an International Workshops
on Genotoxicity Testing workshop on using
transcriptomic biomarkers to predict genotoxicity.
Environ Mol Mutagen. 2025 doi: 10.1002/em.22645.
Gene expression biomarkers have the potential to
identify genotoxic and non-genotoxic carcinogens,
providing opportunities for integrated testing and
reducing animal use. In August 2022, an International
Workshops on Genotoxicity Testing (IWGT) workshop
was held to critically review current methods to
identify genotoxicants using transcriptomic profiling.
Here, we summarize the findings of the workgroup on
the state of the science regarding the use of
transcriptomic biomarkers to identify genotoxic
chemicals iz vitro and in vivo. A total of 1341 papers
were examined to identify the biomarkers that show
the most promise for identifying genotoxicants. This
analysis revealed two independently derived iz vivo
biomarkers and three iz vitro biomarkers that, when
used in conjunction with standard computational
techniques, can identify genotoxic chemicals iz vivo
(rat or mouse liver) or in human cells in culture using
different gene expression profiling platforms, with
predictive accuracies of >92%. These biomarkers have
been validated to differing degrees but typically show
high reproducibility across transcriptomic platforms
and model systems. They offer several advantages for
applications in different contexts of use in genotoxicity
testing including: early signal detection, moderate-to-
high-throughput screening capacity, adaptability to
different cell types and tissues, and insights on
mechanistic information on DNA-damage response.
Workshop participants agreed on consensus
statements to advance the regulatory adoption of
transcriptomic biomarkers for genotoxicity. The
participants agreed that transcriptomic biomarkers
have the potential to be used in conjunction with other
biomarkers in integrated test strategies iz vitro and

using short-term rodent exposures to identify
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genotoxic and non-genotoxic chemicals that may cause
cancer and heritable genetic effects. Following are the
consensus statements from the workgroup.
Transcriptomic biomarkers for genotoxicity can be
used in Weight of Evidence (WoE) evaluation to:
determine potential genotoxic mechanisms and
hazards; identify misleading positives from in vitro
genotoxicity assays; serve as new approach
methodologies (NAMs) integrated into the standard
battery of genotoxicity tests. Several transcriptomic
biomarkers have been developed from sufficiently
robust training data sets, validated with external test
sets, and have demonstrated performance in multiple
laboratories. These transcriptomic biomarkers can be
used following established study designs and models
designated through existing validation exercises in
WoE evaluation. Bridging studies using a selection of
training and test chemicals are needed to deviate from
the established protocols to confirm performance when
a transcriptomic biomarker is being applied in other:
tissues, cell models, or gene expression platforms. Top
dose selection and time of gene expression analysis are
critical and should be established during transcriptomic
biomarker development. These conditions are the only
ones suited for transcriptomic biomarker use unless
additional bridging or pharmacokinetic studies are
conducted. Temporal effects for genotoxicants that
operate via distinct mechanisms should be considered
in data interpretation. Fixed transcriptomic biomarker
gene sets and analytical processes do not need to be
independently rederived in biomarker validation.
Validation should focus on the performance of the gene
set in external test sets. Robust external testing should
ensure a minimum of additional chemicals spanning
genotoxic and non-genotoxic modes of action. Genes in
the transcriptomic biomarker do not need to be known
to be mechanistically involved in genotoxicity
responses. Existing frameworks described for NAMs
could be applied for validation of transcriptomic
biomarkers. Reproducibility of bioinformatic analysis is
critical for the regulatory application of transcriptomic
biomarkers. A bioinformatics expert should be
involved with creating reproducible methods for the
qualification and application of each transcriptomic
biomarker.
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The Society for the Advancement of AOPs
Knowledgebase Interest Group (SKIG) is a vibrant
assembly of more than 40 international experts focused
on advancing the Adverse Outcome Pathways (AOP)
framework. SKIG operates through regular online
meetings, where two or three presentations per
session—followed by lively Q&A interactions—delve
into both technical and scientific topics critical to the
AOP domain, with a particular focus on AOP-Wiki
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related issues. Presentations cover a broad spectrum
of subjects, such as ontology-based harmonization, Al
tools for AOP development, the integration of omics
data, incorporating temporal aspects into AOPs,
automated access to AOP-Wiki contents, the role of
physiological maps and other approaches in
establishing biological relevance, and many more. This
caters to a diverse audience of scientists, regulators,
and policymakers, and this dynamic approach allows
readers to engage with specific subjects of interest
rather than following a chronological sequence when
perusing this report. The document also offers a
concise summary of practical adaptations implemented
in the AOP-Wiki following meeting discussions.
Covering the meetings held in 2023 and 2024, the
report reflects SKIG's ongoing contributions and
indicates that the group will continue to operate in
2025 and beyond. SKIG's work to foster the
development and application of AOPs is pivotal in
supporting the European Union’s policy on the
protection of animals used for scientific purposes
(Directive 2010/63/EU) and the European
Commission’s Roadmap towards phasing out animal
testing for chemical safety assessments.
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Gastrointestinal cancer is one of the most common
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malignancies worldwide. The molecular mechanisms of
gastrointestinal cancer, particularly several types that
are resistant to treatment, have not been fully
elucidated. The Special Issue entitled “Advances in
Molecular Mechanisms of Gastrointestinal Tumors”
includes a collection of a variety of articles on
gastrointestinal stromal tumors, colorectal cancer,
esophageal squamous cancer, gastrointestinal tumors,
gastric carcinogenesis, and gastric cancer. This
editorial aims to summarize recent perspectives on the
mechanisms of gastrointestinal tumors, where
molecular pathway networks are involved.
Epithelial-mesenchymal transition (EMT) is
essential to the development of drug resistance in
cancer, metastasis, and recurrence of cancer. The
microenvironment and EMT are involved in
gastrointestinal tumor progression such as metastatic
colorectal cancer. Recent findings highlight the
importance of molecular mechanisms in terms of
microenvironmental and immune regulations in
gastrointestinal tumors. Chronic inflammation and the
gut microbiota, in relation to immune response, have
been closely investigated in gastrointestinal tumors.
Furthermore, phytochemicals have been found to be
effective in gastrointestinal cancer, which underscores
the importance of understanding the molecular
pathway mechanisms regulated by phytochemicals as
anti-gastrointestinal tumor agents. The modes of action
of phytochemicals include inhibiting pathways related
to either wingless-type MMTYV integration site family
(Wnt) /B-catenin, apoptosis, phosphoinositide 3-kinase
(PI3K)/protein kinase B (PKB, AKT)/mammalian
target of rapamycin (mTOR), mitogen-activated
protein kinase (MAPK), or NF-xB, or otherwise
detoxification enzymes or adenosine monophosphate
(AMP)-activated protein kinase. It is crucial to reveal
the molecular mechanisms of gastrointestinal tumors

to develop novel therapeutics to overcome drug

resistance.
Keywords: cancer, gastrointestinal tumor, molecular

mechanism
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