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Hypoxia and Metastasis targeting with 

MALDI-MSI

• hypoxia = low oxygen

• Tumour hypoxia is clinically associated with metastasis

• Metastases are responsible for 90% of cancer patient deaths

• Lysyl oxidase (LOX): A critical mediator of hypoxia-driven 
metastasis

• LOX expression is clinically correlated with hypoxia, 
metastasis and poor survival

• LOX inhibition prevents invasion and metastasis

Erler et al, 2006, Nature 440
Levental et al, 2009, Cell 139
Le et al, 2009, JCO 27



Email: marie-claude.djidja@icr.ac.uk

Hypoxia and Metastasis targeting with 

MALDI-MSI

• Goal:  Understand hypoxia-driven metastasis and uncover novel 

therapeutic targets and treatment strategies

• Aims: Use of MALDI-MSI to localise and identify proteins present within 

the tumour-microenvironment and associated with metastatic progression
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MALDI-Mass Spectrometry Imaging
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Presentation overview

1. Investigation of hypoxia at the primary tumour site

2. Identification of metastasis-associated proteins

3. Investigation of proteins involved at the pre-metastatic niche at 

secondary sites
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Hypoxia targeting with MALDI-MSI
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Hypoxia targeting with LCM and ESI-MS
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Identification of metastasis-associated proteins
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 Tumour cells secrete factors that elevate fibronectin expression at distant sites of future 

metastasis (Kaplan et al, 2005, Nature 438: “The pre-metastatic niche”)

 Bone marrow-derived cells (BMDCs) are recruited to these sites and create a pre-

metastatic niche:
wt CM (3wks) shLOX CM (3wks)

+LOX Ab

(no LOX)

+ pure LOX

(LOX)

CM alone

(no LOX)

CM alone

(LOX)

LOX CD11b DAPI (lungs of tumour-free mice)

• Pre-metastatic niches 

determine where metastases 

form

• We noted BMDC 

accumulation is associated with 

LOX expression 

(Erler et al., 2009, Cancer Cell)

MALDI-MSI of proteins involved in pre-metastatic niche formation 

and metastatic progression
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LOX in CM recruits BMDCs to pre-metastatic sites

• Use of SILAC (stable isotope amino acid) to monitor the CM and/or the tumour cells

• Use of MALDI-MSI to localise biomolecules involved in these processes

3 weeks

labeled conditioned 

media (CM)
IV labeled tumour cells

Mimic of metastasis

Tumour cells grow better

MALDI imaging

Classical proteomics

MALDI-MSI of proteins involved in pre-metastatic niche formation 

and metastatic progression
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m/z 1198 actin

m/z 1029

MALDI-MSI of proteins involved in pre-metastatic niche formation 

and metastatic progression

m/z 944 histone H2A m/z 1374
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To summarise: ‘Every picture tells a story’

Possibility to map and localise hypoxia at the primary tumour site. 

Identification of several hypoxia regulated proteins using LCM combined 

with ESI-MS.

 Use of quantitative methodologies such as iTRAQ

Localisation and identification of several proteins detected at the primary 

tumour and enriched in metastatic tumours

 Validation in vitro and in vivo of potential metastatic-specific protein 

targets

On-going work: develop improved MALDI-based quantitative studies 

using SILAC methodologies for the investigation of proteins involved in 

the pre-metastatic niche formation.

Application on clinical samples from patients and TMA

a) m/z 944 H2A b) m/z 1105 TNFR c) m/z 1198 actin d) m/z 1400 periostin

M-C. Djidja et. al., Anal Bioanal Chem . 2010, DOI 10.1007/s00216-010-3554-6
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