
Because all Differential Profiles share common metabolite identifiers, any compound or condition can be queried across the entire collection derived from all studies in repositories. For a given 
metabolite, its behavior across diverse biological contrasts and events is displayed together, showing where and how strongly it changes. Conversely, for a given biological event, the metabolites that 
respond can be retrieved at once and ranked by effect. The same structure therefore supports exploration from either direction, metabolite-first or biological event/contrast-first.
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integMET:公共メタボロミクスデータの統合的再解析基盤の構築
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Study Deposits

Group X Group Y
Metabolite Sample

A
Sample
B

Sample
C

Sample
D

Sample
E

Sample
F

Glutamate 3000 4000 3000 1500 1000 800

Citrate 500 300 250 2000 1000 1200

… … … … … … …

Data matrix / Feature table

(metabolites & samples)

Metabolite Fold Change

Glutamate 3.0

Citrate 0.6

… …

Differential Profile

Consistent direction of change

Simmons et al. Adv Exp Med Biol.
 2016;939:139-166.

Study A
This study focuses on 
lung cancer metabolic 

change for …..

This study employs LC-
MS with ……..

This study reveal new 

metabolic shift of ….

Study text information

Pubtator

1. Generate “Differential Profile”

Gene

Disease

Chemical

Metabolomics has produced extensive datasets now archived in public repositories, yet much of their value remain 
largely unused. Differences in analytical conditions prevent direct comparison of signal intensities mass spectrometry 
signals across studies, and incomplete metadata makes relevant datasets hard to find. To unlock these data, we are 
building a database that recasts each study as group-to-group comparisons, a Differential Profiles expressed as fold 
changes of metabolites observed in group-to-group comparisons, rather than as absolute intensities of raw data 
matrices. This representation makes measurements comparable across studies and enables cross-study exploration 
from either a metabolite or a study-background angle, promoting data reuse and cross-disciplinary discovery.

Mass spectrometry-based metabolomics is widely used, and its data continue to 
accumulate in public repositories such as MetaboLights and Metabolomics Workbench.

However, the intensity values of mass 
spectrometry measurements are instrument- 
and condition-dependent and therefore 
meaningful only within a single study.  
Therefore signal intensities are not compared 
to other projects, preventing pan-repository, 
cross study analysis. 

Moreover, the metadata accompanying repository entries are often 
incomplete and non-standardized, making even the discovery of 
relevant studies difficult. As a result, the vast body of metabolomics 
data already deposited cannot be reused or integrated, leaving most 
of its potential value unrealized.

Metabolomics

 Data Repository

2. Extract Biological meaning/category

Metabolomics datasets are collected comprehensively from public repositories (MetaboLights, Metabolomics Workbench) and their  
formats standardized. From each data matrix and sample table, sample groups and the contrasts between them are defined, and per-
metabolite quantitative values are converted into fold changes and p-values for each contrast. In parallel, study context and sample 
information are extracted from the associated free-text descriptions using LLM/NLP and linked to each DiffProf entry, so that studies can 
be retrieved by biological background as well as by metabolite.

At its core, the database reorganizes repository data around the “Differential Profile” structure into three linked 
layers. The Study layer captures each dataset as a source, with its research background and sample context. 
The Differential Profile layer captures the biological contrasts within a study together with the metabolite 
increases and decreases that accompany them. The Metabolite layer holds each compound with annotations 
such as the contrasts in which it varies and its pathway membership. Linking these three layers turns 
heterogeneous repository data into a single multi-layer resource that can be entered from any point and 
traversed to the others.

Because every dataset is expressed on a common scale, the differential 
profiles become directly comparable across studies. As one application, 
all disease-related differential profiles were extracted and summarized as 
a disease-by-metabolite heatmap, in which each cell is colored by how 
often that metabolite is found to vary: redder cells mark disease–
metabolite pairs whose variation is observed in more studies. These high-
frequency cells stand out, revealing cross-study trends in disease-
associated metabolic variation that are invisible within any single dataset.

Landing page Differential Profile page

The reprocessed repository was assembled into a working database organized as three linked layers — Study, Differential Profile, and Metabolite — and made navigable through a 
graphical interface. Because the layers are cross-linked, a query can move freely between them: from a biological event or contrast of interest to the metabolites that vary in it, or, 
conversely, from a metabolite of interest to the differential profiles in which it changes. Such exploration runs across all studies at once, making metabolic variation searchable pan-
repository rather than one study at a time. This differential-profile-based integrated database is currently under development and will be publicly available at https://integmet.org 
in August 2026.

Discussion

By converting isolated, previously unusable datasets into 
differential profiles, this approach makes them directly 
comparable across the entire repository. The metabolic 
changes linked to a phenomenon of interest become 
immediately visible, and the biological events in which a 
given metabolic change occurs can be searched pan-
repository, enabling exploratory reanalysis. The same data 
also support meta-analysis, pooling related contrasts to 
identify reliable biomarkers.

Within an organization, MS data are typically 
analyzed once and then shelved, rarely revisited. 
Applying this Differential Profile  structure to 
internal data turns this unused data archive into a 
reusable asset. Teams can then ask whether a 
metabolic change has appeared in earlier 
projects, benchmark new results against 
accumulated history, avoid repeating 
experiments, and meta-analyze across their own 
past projects, so every dataset keeps paying off.

Platform-dependent signal values
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The reprocessed repository was assembled into a working database 
organized as three linked layers — Study, Differential Profile, and 
Metabolite — and made navigable through a graphical interface. This 
differential-profile-based integrated database is currently online and 
publicly available at https://integmet.org
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DiffProf semantic graph
Similarity of metabolic change in each differential profile is quantified based on the iDMET method. (Matsuta R, et al, 
BMC Bioinformatics. 2022.  ) This similarity is then used to graph structure in which differential profiles that shows 
similar metabolic change are clustered. Together with extraction with keyword of interest and community detection, 
differential profiles with similar metabolic change can be spotted and can perform in-depth analyses like enrichment 
and analysis. 

Biological context/ meaning of differential profiles are embedded inti vectors 
via conversion to natural language. These embedding vectors are used to 
generate a graph structure that represents semantic similarity of the 
differential profiles.

Semantic cluster of 
diabetes vs healthy
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