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Figure 1. Focuses of EN in south-east Europe
Aristolochic acids (AA) present in Aristolochia plants is the toxic environmental agent responsible for Chinese Herbs Nephropathy (CHN), a type of rapidly progressive renal fibrosis. AA is a mixture of structurally related nitrophenanthrene carboxylic acids, containing two major components – AAI & AAII (Figure 2). Previous investigations revealed that AAI induced strong nephrotoxicity in mice whereas AAII resulted only in mild nephrotoxicity. Recently, strong indications have been presented, that dietary poisoning by AA is also responsible for EN and its associated urothelial cancer (UC). 
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Figure 2. Structure of AAI and AAII, metabolic activation pathway and DNA adducts formation. 
Currently, it is still unclear why only some patients in late stages of EN are prone to UC. The diagnosis of EN is also a problem because, especially in its initial stage, it is difficult to differentiate it from other renal diseases of differing origins. Therefore, genomic and proteomic investigations are necessary as one of the most promising approaches for discovery of biomarkers  as an initial tool for early identification of EN susceptible patients in affected areas.

Project aim to investigate proteomic changes in urinary and blood specimens of model animals prone to poisoning with AA and, of patients suffering from EN and/or UC by using SELDI-TOF MS. Another important aspect of the project is establishment of MALDI-imaging mass spectrometry (IMS) and, it’s application for discovery and distribution determination of tissue specific markers within the kidneys of model animals, in degenerated kidneys and/or UC of affected patients. The IMS, a recently developed state-of-the-art technology for direct spatial distribution determination of tissue specific proteins and peptides allows us to localize disease-specific molecular changes within the tissue and, to directly detect and characterize disease marker proteins. This IMS approach holds a great potential for tissue specific biomarkers discovery. At final, identification of specific proteins by LC-ESI-MS/MS and MALDI-MS was successfully applied.

Completion of this research should provide an insight into the etiology of EN and, will lead to discovery of renal EN and associated UC biomarkers thus, enabling early diagnosis and most effective follow-up treatments. Furthermore, considering that EN represents not only a health, but also serious social, environmental and economic problem in the endemic areas including Croatian regions, further investigations in this field are of essential importance to assure better quality of life for susceptible patients in areas affected.

Project results
AA-sensitive DBA mice and less AA-sensitive C57BL mice, established in collaboration with SUNY, Stony Brook, NY, USA, were applied to follow the effect of AA-toxicity. Proteomic platforms for the identification of urinary and plasma biomarkers associated with AA-toxicity integrated SDS-PAGE, SELDI-TOF MS coupled with ProteinChip technology, MALDI-TOF-TOF and LC-ESI tandem MS. 
Changes in protein profile determined with SDS-PAGE
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Figure 3. SDS-PAGE of urine samples obtained from mice during AAI treatment. DBA mice (A) and C57BL mice (B) were used to follow the effect of AAI treatment (1.8 mg/kg/day, i.p.) for 4 days. Urine samples were collected at day 0 (Line 1, 4, 8); day 2 (line 2, 5, 9) and day 4 (line 3, 6, 9) following AAI treatment. CP-calibration proteins. 

Identification of mouse urinary proteins with LC-ESI-MS/MS and MALDI-TOF-TOF MS/MS 
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Table 1. Proteins identification in the urine of AAI treated mice  
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 Band no.        LC-ESI-MS/MS protein [image: image15.wmf]Id                   MALDI protein [image: image16.png]


Id                                      Score              
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  Meprin 1 alpha, Serum Albumin

2. [image: image18.wmf] 

  Cerruloplasmin                                          Plakophilin-1                                                            64                    
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  Inter-α-inhibitor, heavy chain 4                  Mouse serum albumin                                           390
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  Transferin                                                  Mouse serum albumin                                           141 

5.                                                                     Epididymal-specific lipocalin-13                               70       
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                                                                             Major urinary protein 2 and 3                            87, 62

6.  Mouse serum albumin                                Major urinary proteins 1-4, 6, 8, 11         293, 117,113
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                Hemopexin                                                 Coronitin-1C                                                             36

7.                                                              Major urinary protein 11 and 8, 6, 1     416, 420, 418

                                                                    Major urinary protein 2, 5, 3                 434, 98, 392 

                                                                    Microtubule-actin cross linking factor-1                 65

                                                                    GRIP-1-associated protein 1                                90

[image: image23.wmf]                                                                    Cytocrome P450, Cytoplasmic dynein                    61

8. Major urinary protein 1, 2, 6, 7                    Major urinary protein 11 and 8, 6, 1       203, 198, 198 

        Major urinary protein 10, 11, 13, 14             Major urinary protein 2, 5                                298, 43 
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                                                                    Protein kinase C                                                 52

11.                                                                     Ectoderm-neural cortex protein 2                             35    

                                                                            Transcriptional elongation factor SPT5                    41 
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                                                                            N-acetyl glucosamine-6-sulfatase                            40
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Serum amyloid               

In the urine of AAI treated mice, of particular interest is a protein peak identified as Meprin A, a metallopeptidase that contributes to renal and urogenital pathogenesis of endotoxicity.
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Figure 4. Tryptic in-gel digest of mice urine following AAI treatment (band 7. Fig.  3A) identified by MALDI-TOF-TOF MS/MS using Mascot software and SwissProt database search. 

SELDI-TOF profiles of blood plasma proteins obtained from AAI treated mice 

The protein profiles of fractionated mouse plasma samples determined by SELDI-TOF MS using CM10 ProteinChip chemistries are shown in Figure 5. Plasma samples of AAI treated and control, non-treated mice were processed by ChipergenExpress software following analysis in the ProteinChip Reader. After 4 days of treatment plasma protein pattern of AAI treated mice was drastically changed. The most significant changes in protein profiles between AAI treated (4 day) and control, non-treated mice (day 0) were observed in the low-molecular weight range in fraction 3 (m/z=6420.43, Fig. 5 A) and fraction 6 (m/z=3363.15, Fig. 5 B).
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Figure 5. Profiling of plasma proteins with SELDI-TOF MS. Plasma samples of AAI treated (day 4) and control, non-treated (day 0) mice were processed by ChipergenExpress software following analysis in the ProteinChip Reader. Results overview, ~3-10 kDa region: CM10 ProteinChip Array, pH 5 eluent, Fr. 3 (A) and organic solvent eluent, Fr. 6 (B). 

Statistical Evaluation
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Figure 6. Graphical presentation of a cluster from the comparison of the treatment group at low mass range by use of cation-exchanger (CM10) arrays. The clusters mass average (m/z) was 6420.43 (A) and 3363.15 (B) and, the p-value was 0.05. Red – before AAI treatment; blue – after AAI treatment.  

Cluster Statistics 

Table 2. Potential biomarkers found according to P-Value (<≤0.05) and ROC area.

ULTRAFLEXTREME MASS SPECTROMETER
[image: image3.wmf]
Figure 7.  Bruker Daltonics Ultraflextreme MALDI-TOF and MALDI-TOF-TOF mass spectrometer.

Ultraflextreme (Figure 7.) the newest instrument to the Proteomics laboratory is the powerful technology platform designed for the analyses of tissue sections commonly referred to as IMS. It features an MALDI-TOF and MALDI-TOF-TOF mass spectrometer with optimized laser (smartbeam technology), flexImaging software for data acquisition, sophisticated ClinProTools software for statistical evaluation and classification by hierarchical clustering or Principal Component Analyses (PCA). In the IMS workflow (Figure 8. and Figure 9.), mass spectrometric data are acquired directly from a cryostat section of a tissue. Spectra obtained in a measuring grid across the tissue area with high lateral resolution can be correlated with underlying tissue architecture without any geometrical distortion, enabling true molecular histology.  The direct spatial distribution of proteins and peptides allows us to localize disease-specific molecular changes within the tissue and, to directly detect and characterize disease marker proteins. This IMS approach has a great potential to uncover proteins differentially expressed in injured vs. non-injured or malignant vs. non-malignant tissues. 


Figure 8. MALDI tissue imaging: Principle and workflow. 
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Figure 9. ImagePrep – unique matrix application device for Imaging MALDI. High spatial resolution, high spectra quality and high reproducibility. 

MALDI Images of mouse kidney 
Three major parameters: matrix thickness, incubation time and wetness were optimized to accomplish homogeneous matrix-coating within 30-100 cycles since, it is crucial for the quality of IMS data. Tissue sections were acquired by optimized flexImaing methods and, a high spatial resolution of the images was obtained by flexAnalyses. Mass imaging of fresh-frozen mouse kidney tissue section that combines molecular specificity with location is shown in Figure 10. 
000


Figure 10. Differential expression of proteins along the mouse kidney. Selected mass traces that were used to define tissue classes (cortex, outer medulla and inner medulla). Image resolution 100 μm (smartbeam laser), laser focus adjusted to 20 μm instrument resolution, 500 shots per spectrum. 
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Figure 11. Spectra corresponding to specific pixel (*) of the regions of interest processed in felxAanalysis 
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Figure 12. Mouse kidney data set with defined regions of interest (cortex, outer medulla and inner medulla versus overall average spectrum). 2D Scan plot of selected regions A) and 2D Density plot of selected regions B). 

Summary

Proteomic investigations are one of the most promising approaches for discovery of biomarkers for renal EN, and are necessary to uncover largely unknown specific proteome changes underlining this disease. IMS is a powerful technology for analyzing the spatial arrangement of proteins in native tissues with the ability to localize disease-specific molecular changes. Therefore, IMS approach has a great potential to uncover molecular details in renal and urothelial tissues that can be correlated with pathology of affected patients. In addition to the urinary and plasma proteome study, IMS could be used to elucidate mechanism of AA-toxicity responsible for EN whereas, discovery of renal EN and UC biomarkers should provide the basis for rational diagnosis and prognosis establishment.
Activity 

● FLEX SeriesTM MALDI Imaging Operation Course, Bruker Daltonics, Inc. June 21-24, 2010.      

● FLEX SeriesTM MALDI TOF Operation Course, Bruker Daltonics, Inc. September 12-16, 2010.

● COBRE Center for Cancer Research Development (CCRD) and Center for Stem Cell Biology  

   (CSCB) annual Symposium “Breakthroughs in Cancer Mechanism, Treatment and Prognosis”, 

   March 11, 2010. Providence, RI, USA.
● M. Rucevic, D. Hixson, L. Cao, F. Huang, D. Josic, Use of monolithic supports for separation  

   of complex protein mixture and sample preparation for high-throughput analyses in mass

   spectrometry. MSS 2010 – 4rd Monolith Summer School & Symposium, May 28 – June 2,  

   2010. Portoroz, Slovenia.
● COBRE Center for Cancer Research Development (CCRD) and Center for Stem Cell Biology   

   (CSCB) fall Symposium, September 24, 2010. Providence, RI, USA.
Publications
● J. Clifton, F. Huang, M. Rucevic, L. Cao, D. Hixson, D. Josic. Protease Inhibitors as possible   

    pitfalls in proteomic analyses of complex biological samples, submitted to Journal of     

    Proteomics. 

● Scientific publications involving the identification of urinary and plasma biomarkers of AA-

   toxicity and tissue IMS investigation are currently in preparation. 

● The obtained results will be presented at the 59th ASMS Conference on Mass Spectrometry, 

   June 5 - 9, 2011, Denver, CO, USA.
Endemic Nephropathy (EN) is a chronic renal disease that occurs in some rural areas in Southeastern Europe. Despite numerous studies conducted to date, the etiology of this disease still remains unknown. 
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MALDI Imaging MS – matrix deposition strategies
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