
HAL Id: hal-03894052
https://hal.science/hal-03894052

Submitted on 12 Dec 2022

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Distributed under a Creative Commons Attribution 4.0 International License

Miniaturisation of metabolomic and fluxomic workflow
on spheroids cultures applied to the treatment of gastric

cancer.
Nina Lager-lachaud, George Alzeeb, Noémie Butin, Thibaud Lante, Hanna
Kulyk, Cécilia Bergès, Laurent Corcos, Catherine Le Jossic-Corcos, Floriant

Bellvert

To cite this version:
Nina Lager-lachaud, George Alzeeb, Noémie Butin, Thibaud Lante, Hanna Kulyk, et al.. Miniaturi-
sation of metabolomic and fluxomic workflow on spheroids cultures applied to the treatment of gastric
cancer.. Analytics 2022, Sep 2022, Nantes, France. �hal-03894052�

https://hal.science/hal-03894052
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://hal.archives-ouvertes.fr


AcknowledgmentsReferences

Analytics, 2022, Nantes, France

MetaboHUB (MetaboHUB-ANR-11-INBS-0010)

Nina Lager-Lachaud1,2, George Alzeeb4, Noémie Butin1,2,3, Thibaud Lanté1,2, Hanna Kulyk1,2, Cécilia Bergès1,2, Catherine Corcos4, Laurent Corcos4, Floriant Bellvert1,2

1 Toulouse Biotechnology Institute (TBI), Université de Toulouse, CNRS, INRAE, INSA, 31077 Toulouse, France
2 MetaboHUB-MetaToul, National Infrastructure of Metabolomics and Fluxomics, Toulouse, France
3 RESTORE, Université de Toulouse, CNRS ERL5311, EFS, ENVT, Inserm U1031, UPS, Toulouse, France
4 INSERM, Faculté de Médecine, 29200 Brest, France

Miniaturisation of metabolomic and fluxomic workflow on spheroids cultures applied to the 
treatment of gastric cancer

Conclusions

Introduction

Single spheroid  Objective : Development of automated workfow (sample preparation and mass spectrometry) to analyse a single spheroid

Spheroid (3D) culture models are becoming essential to mimic what happens in tissues in vivo. They are more representative of the cell-cell

contact, dynamic interactions and reduce the impact of plastic compared to traditional 2D cultures. According to the models of cultures,

metabolic differences were observed (in glycolytic activity, ATP production and sugar nucleotides synthesis). Expression of drug resistance genes

may be also different and spheroids are often more resistant to the drug than 2D cultures. Culture of single spheroids are used to analyse with

high throughput a large number of conditions. The challenge of this project was to be able to perform a study of metabolism for single spheroid

(metabolomics and 13C metabolomics) of gastric cancer cell line.

[1] Gastric cancer cell death analyzed by live cell imaging of spheroids. Alzeeb, et al. 2022

[2] Metabolic flux analysis of 3D spheroids reveals significant differences in glucose metabolism from matched

2D cultures of colorectal cancer and pancreatic ductal adenocarcinoma cell lines. Tidwell, et al. 2022

[3] The use of a double coaxial electrospray ionization sprayer improves the peak resolutions of anionic

metabolites in capillary ion chromatography-mass spectrometry. Hirayama, et al. 2020

[4] Single Spheroid Metabolomics: Optimizing Sample Preparation of Three-Dimensional Multicellular Tumor

Spheroids. Rusz, et al. 2019

Material and methods

HGT-1 (human gastric cancer cell line)

~ 10 000 cells

Réf. : MSGVN22

 Glucose 12C or 13C

 Also 2D culture

 with (lovastatine) or without (control) drug

Automated sample preparation

Vacuum pump

SPE module

Vial LC-MS

Extraction 
ACN:MeOH:Eau (2:2:1) + A.F

Mass spectrometry analysis

Capillary Ion 

Chromatography

Make-up

IPA +0.1% AA

Mass spectrometer

Culture Data analysis

Absolute quantification
12C culture

Isotopic profiling
13C culture

13C profiler

IsoCor

GraphstatsR

 Validation of a high throughput sample preparation protocol applied to single spheroid.

 Ability to analyze a single spheroid (400 cells injected) for absolute quantification and isotopic profiling  by mass spectrometry.

 Metabolic differences between 2D and 3D cultures : Higher level of most central metabolites in spheroids / Stronger impact of drugs on 2D than on 3D cultures.

 Non targeted analysis in process…

Results and discussion

2D 3D

Metabolomic differences between 2D and 3D cultures
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Quantification and isotopic profiling of central energy metabolism according to culture model
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Spheroids metabolism analysis
Comparison with 2D culturesSpheroids metabolome coverage

Drug impact on spheroid metabolism
Comparison with 2D cultures

 71 central metabolites analyzed : 

 50 metabolites detected distributed on the 3 families of compounds

19 metabolites quantified (trend low limit of quantification) 

 Reproductibility

Quantitative metabolomics

FruBP

G6P

2/3PG

Cit

Mal

Suc

ADP

CMP

UMP

Glycolysis Krebs cycle Nucleotides

R
a

ti
o

 Q
u

a
n

ti
fi

ca
ti

o
n

Is
o

to
p

o
lo

g
u

e
fr

a
ct

io
n

Isotopic profiling
Lovastatine
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