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KniHiyHi acnekTn TpaHCcnaWinHUX gocnig>xeHb
OHKOreHe3sy WiyHKa U po3po6kn HOBUX
MeToAiB NiKyBaHHSA

. FopaH TpoceT AHZepceH'?, YxyH-Men Yxao?,
MoH Epik F'poH6ex!3, IusaH YxeHb*, OkcaHa 3asuyKiBCbKa®,
Onyd AimiTpi Poe!, lyaHb YxeHb!?

T Kageapa KniHiYHOI | MOeKyIsipHOI MeanLnHM,

HopBe3bKuii yHIBEpCUTET MPUPOAHNYNX Ta TEXHIYHUX HAYK,
TpoHrevim, HopBeris

2 BigaineHHs xipyprii, JlikapHsi Hamcyca, Hamcyc, HopBeris

3 BigaineHHs xipyprii, JlikapHsi cB. Onaga, TpoHreiim, Hopseris
4 BigaineHHs Xipyprii, 1-wa aginivioBaHa ikapHs
HaHKIHCbKMi MeAnMYHOro yHiBepcnteTty, HaHkiH, Kutari

> Kageapa ¢izionorii, J/IbBIBCbKMH HaLiOHa/IbHWNI MEANYHMI
yHiBepcuTeT iM. [aHuna ananybkoro, JibBiB, YKpaiHa

Y UbOMYy KOPOTKOMY MOBiAOMMIEHHI NpeACTaBNeHO AMcepTaLito Ha
OTpUMaHHS CTyneHs AokTopa @inocodii Ha TeMy TpaHCAALINHMX
[OCNIgXeHb i3 BUKOPUCTAHHAM nepenoBuX METOAIB MidKAMCUU-
naiHapHOI iHTerpauii Mixk 6a30BMMK 1 KNIHIYHUMK AOCNIAXKEHHS-
MW Ta MiX Cyxumn (06umcnioBanbHUMK) i NpakTUYHUMKU (ekcne-
PUMEHTaNbHUMW Ta KAIHIYHMMK) AocnigXeHHaMKU. PesynbTaTtu
nokasaam MOXJ/IMBUIA MNPUYNHHO-HAC/IAKOBUIA 3B'S30K MiX He-
BpasibHOK iHHEPBALIE | OHKOreHe30M paky LUyHKa vyepes ne-
peaasaHHsa curHanis Wnt i meTabonivuHe penporpamMmyBaHHs B Mi-
KpocepeaoBuLli NyxauHW. BignosiaHO, noTeHuian Ans nikyBaHHSA
paKky LIyHKa nokKasanu CenekTMBHa BaroToMis, 60TyniHiuHMA
HeMpOoTOKCMH Tuny A (iH'ekuinHe BBeAEHHS B AINAHKN MyXUHN),
RADOO1 (Takox BigoMuii sik eseponimyc), CPI-613 (peBimicTar)
Ta iBepMeKkTMH. OUiHIOBaHHSA nokasano, Wo Len TpaHCAsAuinHmn
OOCNIAHMUBKNIA Nigxia rapaHTye edeKTUBHUIA PO3BUTOK HOBUX
3HaHb i3 PyHAAMEHTANbHUX MEAMYHUX HayK, @ TakKoX Lo BU-
3Ha4yeHHsa poni BarycHol iHHepBaLil Ta MOXNMBOCTI Ti Moaynauil
nig Yac OHKOreHesy LUyHKa CTaHOBUTb LiiIHHMUI BHECOK Yy cdhepu
AOCNIoXeHHsA racTpoeHTeponorii 1 paky. Moxnuei poni aHriore-
He3y NpOTM HeMporeHesy n HepBOBOI perynauii TpaBHOI cMCTeEMM
BapTO BMBYATK B noAasiblUMX AOCNIAXKEHHSAX.

KnrouoBi cnnoBa: ractpoeHTeposoris, OHKOMOris, TpaHCcAsAUin-
He AOCNiAXEeHHS, afjeHOKapLuMHOMa LWYyHKA, OHKOreHes, MeTa-
6oniyHe penporpamyBaHHS.

*Lllo cTaTTio HaAMXHYIM AOKTOPCbKi AncepTauii B HOpBe3bKOMY YHIBEPCUTETI NMPUPOAHUYMX
i TexHiYHMX Hayk, 2023:360, i aucepTauis Ha OTPUMaHHS CTyneHs AokTopa dinocodii Bia 1
nuctonaga 2023 poky B HopBe3bKOMY yHiBEpPCUMTETI NPUPOAHNYNX | TEXHIYHUX HayK. ISBN
978-82-326-7420-6 (apykoBaHa Bepcisi); ISBN 978-82-326-7419-0 (enekTpoHHa Bepcis);
ISSN 1503-8181 (apykoBaHa Bepcisi); ISSN 1503-8084 (oHnaiH-Bepcia). FopaH TpoceT
AHpaepceH 6yB KaHAMAATOM Ha OTPUMaHHA CTyneHs AokTopa dinocodii, JyaHb YxeHb, oH
Epik IpoH6ex i YxyH-Meit Yxao 6ynu kypaTopamu. fuzaH YxeHb i OkcaHa 3asukiBcbka
6ynu onoHeHTamu, a Onyd AimiTpi Poe — agMiHicTpaTopoM aTecTauiliHoi KOMicil.
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Clinical aspects in translational research on
gastric tumorigenesis and development of
new treatments

Ggran Troseth Andersen'?, Chin-Mei Zhao?, Jon Erik Grgn-
bech!3, Yijiang Chen*, Oksana Zayachkivska®, Oluf Dimitri
Rge!, Duan Chent

' Department of Clinical and Molecular Medicine, Norwegian
University of Science and Technology (NTNU), Trondheim,
Norway

2 Department of Surgery, Namsos Hospital, Namsos, Norway

3 Department of Surgery, St. Olavs Hospital, Trondheim, Norway

4 Department of Surgery, The 1% Affiliated Hospital of Nanjing
Medical University, Nanjing, China

>Department of Physiology, Danylo Halytsky Lviv National
Medical University, Lviv, Ukraine

This brief communication presented a dissertation of PhD
thesis on translational research using state-of-the-art
methods of multi-disciplinary integrations between basic
and clinical research and between dry- (computational) and
wet- (experimental and clinical) investigations. The findings
showed possible causal association between neural innervation
and tumorigenesis of gastric cancer via Wnt signaling and
metabolic reprogramming within the tumor microenvironment.
Accordingly, selective vagotomy, Botulinum neurotoxin type
A (injection into the tumor areas), RAD0O0O1 (also known as
Everolimus), CPI-613 (devimistat) and ivermectin were found
to be potential for treatment of gastric cancer. The assessment
showed that this translational research approach guaranteed
the efficient development of novel knowledge in fundamental
medical sciences, and that the identification of the role of
vagal innervation and the possibilities of its modulation during
gastric tumorigenesis represented valuable contributions to
the fields of gastroenterology and cancer research. Possible
roles of angiogenesis vs neurogenesis and brain-gut axis would
be worth exploring in further research.

Keywords: Gastroenterology, oncology, translational re-
search, gastric adenocarcinoma, tumorigenesis, vagotomy,
metabolic reprogramming.

*This article was inspired by Doctoral theses at NTNU, 2023:360 and PhD dissertation on
November 1, 2023 at NTNU. ISBN 978-82-326-7420-6 (printed ver.); ISBN 978-82-326-
7419-0 (electronic ver.); ISSN 1503-8181 (printed ver.); ISSN 1503-8084 (online ver.).
GTA was PhD candidate, DC, JEG and CMZ were supervisors. YC and OZ were opponents,
and ODR was administrator of assessment committee.
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Introduction

Translational research can be defined as “a
bidirectional process that involves multidisci-
plinary integration among basic, clinical, prac-
tice, population, and policy-based research”.
The overall goal of translational research
is to close the “bench-to-bedside gap” by
speeding up scientific discovery for patients
and community benefit. The essential loop of
translational research should compose both
clinical aspects, such as questions and needs
in the bedside and patients’ outcome, and
laboratory research including study hypoth-
eses, aims, experimental designs, interpre-
tation of findings and introduction to clinical
trials and practice. In historical perspectives,
gastric adenocarcinoma (GA) has been an ex-
cellent example of translational research. GA
is a heterogeneous disease, both genetically
and phenotypically which progresses via dif-
ferent pathways of tumorigenesis. There are
still knowledge gaps between “bedside” and
“bench-side”, particularly regarding the roles
of neural innervation and metabolic repro-
graming in GA tumorigenesis and progres-
sion. Thus, research strategy of this series of
studies that included three publications and
one manuscript in the PhD thesis was to in-
vestigate the vagal innervation and metabol-
ic reprograming of GA, providing clinical and
experimental evidence for developing new
treatments [1-4].

Potential contributions to knowledge

This series of studies included four cohorts of
180 patients, eight datasets of 763 patients
and 948 mice (GA models and controls) and
4 cell lines of human GA. Clinical cohort stud-
ies, clinical trial phase Ila, preclinical trials,
in vivo, in vitro and in silico experiments
were performed. Transcriptomics and metab-
olomics in combination with multiple bioinfor-
matics and computational drug-target inter-
action prediction and drug repurposing were
applied. The results showed that vagotomy
reduced the risk of gastric stump cancer after
distal gastrectomy and there was a possible
causal association between vagal innervation
and GA tumorigenesis in which certain sig-
naling pathways, particularly hyperactivity of
Wnt signaling, were involved. There was cor-
relation between human GA and mouse GA
model in terms of signaling pathways in gen-
eral and metabolic gene expression profile in
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particular. Clinically-used surgery and drugs
were found to be potential for treatment of
GA, particularly including selective vagotomy,
injection of Botulinum neurotoxin A into the
tumor areas, and drugs such as RAD0O01 (also
known as Everolimus), CPI-613 (devimistat)
and ivermectin. In addition, a biomarker net-
work of gastric intestinal metaplasia (GIM)
for GA tumorigenesis was established. Thus,
this series of studies provided new evidence
in understanding the molecular mechanisms
of association between the tumorigenesis and
neural innervation and in identifying molecu-
lar biomarkers and networks for developing
new treatments for GA and GIM. In particu-
lar, vagal innervation contributed to gastric
tumorigenesis via M3 receptor-mediated Wnt
signaling in the stem cells and denervation
might represent a feasible strategy for the
control of GA. Vagotomy and metabolic inhib-
itors reversed the metabolic reprogramming
in GA and intratumoral injection of Botulinum
neurotoxin A with systemic administration of
everolimus and CPI-613 could be a potential
therapy for GA. Ivermectin might be a prom-
ising drug candidate for treatment of GA.
Taken together, the results of this series of
studies and other relevant studies have made
contribution to bridge the knowledge gaps
between “bedside” and “bench-side” partic-
ularly regarding “cancer-nerve crosstalk” in
general [5-11].

Furthermore, this translational research might
represent a state-of-the-art methodology in-
cluding multidisciplinary integrations between
basic and clinical research and between dry-
(computational) and wet- (experimental and
clinical) investigations (Fig. 1).

Assessment of contributions

The series of studies included in this thesis
demonstrated a broad scope, incorporating
both clinical and preclinical research based on
significant high numbers of patients involved
and mice used. This comprehensive approach
was commendable for gaining new insights
into gastric cancer and understanding Correa’s
pathway, from gastritis, atrophy, intestinal
metaplasia, dysplasia, to ultimately malignant
neoplasms. It perfectly demonstrated that the
translational research approach guarantees
the efficient development of novel knowledge
in fundamental medical sciences.
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Figure 1. Methodology and methods of translational
research presented in this series of studies. Note:
Translational research starts from clinical observations
and patient medical needs. “"Bedside-to-Bench through
wet- and dry-laboratory” research promotes the search
for new evidence and interventions, which can be
accelerated in “"Bench-to-Bedside” research by clinical
study to impact research activities. Colored circles
show various methods used in this series of studies and
potential impacts for the future, i.e., precision medicine

This research was one of the pioneering
works in understanding mechanisms-of-ac-
tion by vagotomy, pharmacological inhibi-
tion, muscarinic antagonists and M, receptor
knockout in connection with gastric cancer. It
also discussed the link or cycle between pre-
clinical and clinical trials. Furthermore, it dis-
cussed how metabolic reprogramming played
a role in gastric tumorigenesis and potential
underlying mechanism behind vagotomy-in-
duced tumor prevention. Accordingly, drug
repurposing through translational approach
was discussed. The thesis also discussed how
biomarkers will be helpful in clinical manage-
ment and suggested the molecular network
instead of individual biomarkers for predic-
tion, early diagnosis, potential prevention
and treatment.

Research methodologies were based on di-
verse research approaches, including wet-
lab experiments in vivo, in vitro, and dry-lab
studies in silico (computational modelling),
and human clinical trials. This diversity en-
hanced the credibility of the findings and
their applicability to clinical practice, bridg-
ing the gap between scientific discoveries
and their practical implementation in clini-
cal settings. The identification of the role
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of vagal innervation and the possibilities of
its modulation during gastric tumorigenesis
proposed as therapeutic strategies repre-
sented valuable contributions to the fields of
gastroenterology and cancer research. Iden-
tification of a novel "molecular network” as
a potential biomarker of progression from
gastric intestinal metaplasia to gastric ad-
enocarcinomas will help improve knowledge
in gastric carcinogenesis. This is necessary
for the effective clinical management of gas-
tric cancer, including screening, differential
diagnosis, prognosis determination, and
prediction of treatment response. This the-
sis will serve as a good example of how to
facilitate the transition of findings from basic
sciences into effective treatments and inter-
ventions. It will accelerate the advancement
of medical innovations and benefits oncology
patients by offering new personalized treat-
ment options.

The thesis was a multiple center research
and experimental investigations at levels of
molecular signaling, cell biology, physiology
and pharmacology, and patients to establish
a connection between experimental research
data obtained in vivo, and in vitro, as well
as lab data about gene expression profiling
and in silico modelling and patient cohorts.
It presented exceptional examples for intro-
duction of contemporary healthcare innova-
tion. Of note, combination of retrospective
and perspective approaches in multi-center
cohorts and the form of presentation with
focusing on the clinical aspects were appre-
ciated.

However, there were some limitations in the
thesis. For instance, the number of the pa-
tients enrolled in the clinical trial would be
ideally higher than ones enrolled. The roles
of angiogenesis vs neurogenesis [12] and
brain-gut axis [13] in gastric tumorigenesis
would be worth discussing for further re-
search.
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