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Metabolites are fundamental  and essential  for brain development . Yet, 
despite lots of research studies on the brain cell  types, their spatial  
metabolomic  organization remains poorly understood . We employed 
advanced  MALDI imaging approach  to create high-resolution  spatial  
maps of the metabolites  in developing human brains. Our �n dings 
revealed the metabolic  domains and structural  features de�n ed by 
unique metabolomic  compositions,  highlighting the critical  
importance  of localized metabolism  in the brain's cellular  
microenvironment

Left  Panel: Human cortical  development,  illustrating  the organization of 
cortical  zones,  cell  types and organization of cortical  structure . Right  
Panel: Multimodal of the developing human cortex. (A) the 
distinct  layers of the cortex, (B) Spatial  transcriptomics  revealing the 
distribution of di�e rent  cell  types across the cortical  layers,  represented  
by distinct  colors (C) Metabolic  mapping of structure  across the cortical  
layers,  represented  by distinct  color .

Spatial Integration: Beyond Cell Type
Cortical Development and Neural Progenitor Cells

Sample  Collection  Brain tissue  samples  were systematically  
collected  from a well-characterized  cohort  of 20 developing human 
brains. These samples  spanned  key gestational  weeks,  from GW 14 to 
GW 20, chosen to capture  critical  periods of brain development  such  
as neurogenesis,  neuronal migration and the establishment  of distinct  
cortical  layers. This broad temporal sampling  ensures  a 
comprehensive  understanding of spatiotemporal  lipid dynamics 
during human cortical  maturation  
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Study Design

The Missing Part: Cell Micro -Environment
Our previous single-cell  RNA study 
has provided clear  identi� cation  of 
cell  types within the developing 
brain. The metabolic  micro-
environment,  as a critical  
determinant of cellular  activity and 
fate, represents  a signi� cant  
missing  piece in this puzzle. High-
resolution  spatial  metabolomic  
pro�lin g is urgently needed.

Our work demonstrates  that spatial  metabolomics  is a 
transformative  tool for advancing our knowledge of human 
brain micro-environment. By integrating spatial  
metabolomic  with transcriptomics  pro�le s,  our analysis  
unveiled a striking correspondence  between metabolomic  
layers and anatomical  cortical  layers,  suggesting distinct  
metabolomic  microenvironments  that drive the 
development  of speci� c  cortical  regions.
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Method Imaging was performed on 10 µm -thick cryosections, using a 
2,5-dihydroxy benzoic acid as matrix. The data was acquired using a 
Bruker  timsTOF FleX MALDI instrument. 

Data  Analysis  The imaging data were annotated  using SCiLS TM Lab 
2025b and analysis  with Metaboscape TM 2025, custom  code used to 
capture  spatial  metabolic  patterns and perform the spatial  
architecture  integration.

Across Gestational weeks

Method:   m/z 200-1350
Polarity:   Positive Ion mode 
Tims mode:   O�
Laser shots:  200 per pixel
Pixel resolution:  10 µm
Laser speed:  10 KHz 
Matrix:   HCCA  10mg/mL in 
70% ANC, 0.2%TFA 

Conclusion

Through MALDI imaging, we achieved  spatial  integration 
of metabolomic  data, enabling the construction  of a 
detailed  'chemical  brain' map. Metabolomic  data clearly  
re� ected  and delineated  the complex regional structures  
of the developing human brain cortex. This approach  
allowed  us to resolve and visualize the spatial  
metabolomic  landscape  of the developing human brain at  
high resolution,  providing unprecedented  insights into 
cell -cell  micro-environment.
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