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Introduction
• Ovarian cancer Biomarker discovery limitation 

– sampling sizes and sampling bias a/w severe intratumoral heterogeneity of ovarian cancer 
– tendency toward cystic and hemorrhagic or necrosis in tumor.  
– occasionally difficult to match gross lesions with microscopic findings, especially in borderline lesions. 

• Proteomics limitation 
– sampling lysis hinders localization of biomarker distribution in proteomics. 

• MALDI-IMS 
– direct application of MALDI-time of flight (TOF)-mass spectrometry (MS) on tissue sections 
– emerging methodology that has evolved from MALDI tissue profiling
– enables the identification of large proteins form biological samples, by combining molecular analysis 

with examination of histological sections. 
– specific information on local molecular composition, relative abundance, and spatial distribution for 

image profiling. 

• Common obstacles for MALDI-IMS
– the quality of the tissue samples, difficult procedures for application of the matrix, and enzymatic 

digestion.

• New concept and aim 
– Establish portrait of IZs in ovarian cancer and verify IZ-specific proteins through 2-D gel EP and IF 



Microscale Proteome Analysis

I. Drop System 
Shimadzu Corp.

II. Spray System 
Bruker Corp.

[James Mobley,et dal . Tissue Profiling by MALDI-Tof MS: Basic Principles From Small Molecules to Proteins ]



Schematic representation of the MALDI-IMS technology

1) Application of matrix and 
enzymatic digestion of proteins.

2) Identification of proteins using 
protein database matching. 

3)  Validation of protein identities. 
Recently, identification of 
proteins may be directly 
performed from the MALDI-IMS 
without any analytic process of 
extraction and proteolysis. 

Solid line, performed in the present study; 
Dotted line, not performed in the present 

study, but possible. 
CHCA, α-Cyano-4-hydroxycinnamic acid; 
DHB, 2,5-dihydroxybenzoic acid; 
SA, sinapinic acid; 
MS, mass spectrometry; 



Materials and methods 
I. MALDI-IMS Analysis

Cryosections of samples (10 μm thickness).  
Transferred to pre-cooled  (-20℃) conductive indium-tin-oxide (ITO)-coated glass slides. 
Washing for 15-30 s in 70% ethanol and once for 15 s in 100% ethanol. 
MALDI matrix application using an ImagePrep station (Bruker, Bremen, Germany) with no 
pretreated digestion.  
Matrix for MALDI measurement by 10 mg/mL sinapinic acid (SA) in 50% acetonitrile with 0.2% 
trifluoroacetic acid (TFA). 
MALDI measurements in linear mode in a mass range of 3,000-30,000 Da. 
Spectra during 100 consecutive laser shots and Flex-Imaging 2.0 for the reconstruction of images 
from the spectra
Image files from a dataset obtained from matrix spots of 80-200 μm in diameter. 
Following MALDI-IMS analysis, scanned at 1200 dpi resolution, and co-registered with MALDI-IMS Following MALDI-IMS analysis, scanned at 1200 dpi resolution, and co-registered with MALDI-IMS 
results.

- PCA Statistical Analysis 
Mass spectra for the tissue by assigning representative areas of the IZ, TZ and NZ.  

II. Verficaition –I 
2-D Gel Electrophoresis, Image Analysis, and Protein Identification by MS
- Protein Extraction
- 2-D Gel Electrophoresis and Image Analysis
- Protein Profile Analysis
- Protein Identification by MS 

III. Verification-2 
Immunofluorescent Staining, Confocal Microscopy, and Image Analysis



Methods
I .Sample Preparation

Prepare one petri dish with 70% Ethanol (HPLC grade) and one with 90% or   
pure Ethanol (HPLC grade). Wash the slide one to two times gently for 15 to 30 
seconds in the 70% Ethanol and once for 15 seconds in the pure Ethanol. 

II. Spray Coating for MALDI Imaging

Matrix solution: 10 mg/ml sinapinic acid in 50% Acetonitrile,  

0.2%    Trifluoroacetic acid. 0.2%    Trifluoroacetic acid. 

Liquid white-out: To paint teach marks for flexImaging.

III. Tissue profiling



Results(1)
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Results (6)
Table 1. Protein Identification of Interface Overexpression. *

Spot 
No.

Protein name Accession No. PI a/ PI b
MW a/ MW b

(K Da)
Sequence

Coverage (%)
Est'Z 
Score

Fold IZ/N c Fold IZ/T d

9026 PRDX 1 CAI13096 9.58/6.4 25.82/19.13 46 2.36 3.1 1.8

1619 Plastin 2 P13796 4.81/5.2 67.26/70.84 31 2.41 1.76 1.72

*The peptide profiles of the protein spots treated with trypsin were analyzed by MALDI-TOF MS. ProFound (http://129.85.19.192/profound_bin/WebProFound.exe) was used 

to search the protein database for protein identification using peptide mass fingerprinting (PMF). The mass and pI values specified are theoretically matched by a database 

search. a: observed, b: theoretically calculated, c: the rate of increase in intensity (average interface sample intensity/average normal sample intensity), d: the rate of increase 
in intensity (average interface sample intensity/average tumor sample intensity). 



Summary of Results 

1. Optimization for tissue MALDI-IMS includes enzymatic digestions, solvent composition, 
and matrix composition. The choice of matrix is determined by the mass size range, CHCA 
for detection of low molecular weight peptides using a TOF mass spectrometer in reflectron 
mode, and SA preferentially for relatively higher masses using the linear mode. Protein 
analysis is most frequently carried out with tissues prepared using SA as the matrix in 50–
60% acetonitrile.  This protocol tends to give the best protein extraction, sensitivity, and 
resolution for high molecular mass species (>5 KDa).  

2. Image analysis of discrete molecules in tissue can be acquired by using MALDI-IMS to 
determine their spatial localization with a lateral resolution of 80-200 μm. By combining determine their spatial localization with a lateral resolution of 80-200 μm. By combining 
direct tissue MS with PCA, we were able to extract signals with different localizations and 
eventually images for each signal.   

3. The identification of biomarkers directly from tissue sections is important for the 
diagnosis of tumors, and is the main aim for developing the MALDI-IMS technology.  
Additionally, MALDI-IMS may have an even greater potential for providing more complete 
tissue profiles.  



Conclusion 

IZs are different from the adjacent tumor or normal zones, 
and plastin 2 and PRDX 1 may be interface-specific 

markers in ovarian cancer. 

Tissue MALDI-IMS could be utilized for comparative 
proteomics with preserved phenotypes.


