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ABSTRACT  

Renal cell carcinoma (RCC) accounts for several percent of all adult malignant tumor cases 

and is directly associated with over one hundred thousand death cases worldwide annually. 

Therefore, there is a need for cancer biomarker tests and methods capable of discriminating 

between normal and malignant tissue. It is demonstrated that gold nanoparticle enhanced target 

(AuNPET), a nanoparticle-based, surface-assisted laser desorption/ionization (SALDI)-type mass 

spectrometric method for analysis and imaging can differentiate between normal and cancerous 

renal tissue. Diglyceride DG(18:1/20:0) sodium adduct and protonated octadecanamide ions were 

found to have greatly elevated intensities in cancerous part of analyzed tissue specimen. 

Compounds responsible for mentioned ions formation were pointed out as a potential clear cell 

RCC biomarkers. Their biological properties and localization on the tissue surface are also 

discussed. Potential application of presented results may also facilitate clinical decision making 

during surgery for large renal masses.  
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Keywords: low molecular weight compounds; MALDI; mass spectrometry imaging; nanoparticles; 

renal cancer; SALDI. 

 

INTRODUCTION 

Renal cell carcinoma (RCC) accounts for 2-3% of all adult malignant tumors. RCC is an 

adverse malignancy, accounting for more than 80% of kidney neoplasms.
1,2

 It is usually divided 

into three main categories, such as clear cell (ccRCC), chromophobe and papillary RCC. Relative 5-

year survival for kidney cancer is 71%. According to GLOBOCAN in 2012 there were 

approximately 337,800 new cases of RCC and 143,400 kidney cancer-related deaths worldwide.
3
   

Patients with ccRCC have the worst prognoses when compared to chromophobe or papillary 

subtype of RCC. Clear cell RCC has characteristic yellowish appearance, and in most cases is well 

circumscribed. On microscopic examination it has abundant clear cytoplasm due to high content of 

lipids and glycogen.
4
 Tumor necrosis in analyzed sample pathological report represents unfavorable 

features and is significantly associated with higher risk of death from ccRCC.
5
 

As there are several different types of RCCs with different survival rates, specific 

biomarkers are needed for early detection and monitoring of recurrence and response to treatment.
6,7

 

Since the introduction of mass spectrometric techniques for proteomics, numerous attempts have 

been made to discover cancer-specific proteins and peptides.
8
 It was shown that it is possible to 

employ matrix-assisted laser desorption ionization/mass spectrometry (MALDI MS) for 

identification of biomarkers for bladder cancer in urine.
9,10

 Similarly, alterations of peptide level in 

serum were used to distinguish benign and malignant tumors of RCC.
11

 

With the development of MALDI/MS for imaging of proteins, it became possible to 

combine conventional proteomic techniques for protein identification with mass spectrometric 

imaging for the correlation with spatial information.
12-15

 Conventional MALDI imaging requires 

that tissue sections are placed on a conductive surface, such as that of a metal or of indium tin oxide 

(ITO)-coated glass followed by the careful application of a suitable matrix on the sample surface.  
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Herring et al. reported the application of MALDI imaging to cancer-invaded kidney tissue for the 

correlation of protein distributions with local disease states.
16

 MALDI imaging has further been 

successfully applied to the identification of peptides present in clear cell RCC (ccRCC) through the 

detection of peptide signatures from in-situ trypsin-treated tissues by Morgan et al.
17

 Identified 

peptides that were derived from proteins, such as vimentin, α-enolase and histone 2A, may be 

considered as potential peptide signatures for ccRCC. Using MALDI imaging in combination with 

liquid chromatography MS/MS (LC-MS/MS), Kim et al. group focused on two proteins, S100A11 

and the ferritin light chain, that are specific for papillary RCC cancer regions.
2
  

MALDI imaging MS has been investigated as a tool to assist grading of urothelial 

neoplasms and to improve its accuracy.
18

 The method has also recently been employed for the 

analysis of a microarray of renal tissue samples from 789 patients. Comparison of the mass 

spectrometric signals with clinico-pathological features revealed significant differences between, 

for example, papillary and clear cell renal cell cancer.
19

 

These early results demonstrate that MALDI MSI must be considered as a powerful tool for 

biomarker discovery.  However, well-known drawbacks of MALDI include (i) abundant and 

numerous chemical background peaks in the low-mass region (m/z < ≈ 1,000) due to the presence 

and ionization of the applied matrix; (ii) the frequent need for external mass calibration; (iii) low 

mass resolution and accuracy due to the thickness of the tissue samples; (iv) low ionization 

efficiency for many organic compounds, present in the samples in their noncharged states; (v) 

inhomogeneous matrix crystallization; and (vi) commonly observed acid-catalyzed hydrolysis of 

various biomolecules.  In particular, these problems make MALDI unsuitable for the identification, 

analysis and imaging of low-molecular-weight compounds, and thus for metabolomic biomarker 

research.   

To circumvent these limitations, we here report on the application of the gold nanoparticle-

enhanced target (AuNPET) laser desorption/ionization MS method for metabolic biomarker 

discovery.  AuNPET,
20

 which belongs to the surface-assisted laser desorption/ionization (SALDI)
21
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type of methods, circumvents many of the problems of MALDI.  Results from AuNPET analysis 

and imaging of RCC samples, with a focus on biomarker discovery, are reported. It should be noted 

that there are no RCC imaging results made with the use of nanoparticle-based methods published 

to date. 

 

EXPERIMENTAL SECTION 

Enrollment of patients  

After receiving protocol approval from the bioethics committee at the University of 

Rzeszow (Poland), eleven patients with kidney cancer scheduled for radical nephrectomy were 

enrolled in the study between March and December of 2015. Informed consent was obtained from 

all patients. Each patient donated 10 ml of blood, 100 ml of urine and 1 cm
3
 of cancerous and 

normal renal tissue removed ex vivo after surgical resection of kidney. The specimen described in 

this work was obtained from an 80-year-old, asymptomatic female with diabetes type II, 

hypertension and hyperthyroidism. A CT (X-ray computed tomography) scan revealed the presence 

of a 79x89x81 mm tumor, localized in the lower pole of the right kidney and with no nodal 

involvement or distant metastases. All laboratory test results (complete blood count, kidney function 

tests, CRP, urine analysis, bleeding profile) were within normal limits. Pathological analysis 

confirmed the malignant character of the tumor - renal cell carcinoma (RCC), subtype: clear cell, 

Fuhrman III with 10% necrosis within tumor and invasion into kidney capsule. 

 

Materials.  

AuNPET targets were prepared on stainless steel plates, as previously described.
22

 All solvents used 

in this work were of HPLC purity. 

 

Methods 

Laser desorption/ionization (LDI) MS and MS/MS analysis of tissue extracts on AuNPET 
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LDI MS and MS/MS experiments were performed in reflectron mode using a time-of-flight 

mass spectrometer (Bruker Daltonics, Autoflex
TM

 Speed). The instrument is equipped with a 

pulsed, 352 nm solid-state laser (Bruker Daltonics, 1 kHz SmartBeam II) operated at a laser pulse 

repetition rate of 1000 Hz and with a laser pulse energy of approximately 100−190 µJ. In reflectron 

mode, the operating voltages were as follows: ion source 1, 19 kV; ion source 2, 16.7 kV; lens 8.4 

kV; reflector 1, 21 kV; reflector 2, 9.55 kV. The pulsed ion extraction (PIE) delay time was 150 ns. 

Spectra were recorded in positive ion mode in the m/z range of 80-2000, with ions below m/z 80 

deflected from the flight tube.  All spectra were internally mass calibrated using the gold ion 

clusters (Au
+
 to Au

7+
) peaks observed in all mass spectra. Mass calibration employed - a best fit to a 

cubic equation, based on 5-10 internal mass standards (gold ions and clusters from Au
+
 to Au10

+
). 

MS/MS measurements were performed using the LIFT
TM

 (low mass) method.
23

 FlexAnalysis 

(version 3.3, Bruker) was used for data analysis.   

 

Sample preparation 

Normal and cancer tissue samples for MS and MS/MS analyses were collected (approx. 1 

mg) from central parts of both RCC and normal tissue (ca. 1x1 mm area of sample collection) of 

specimen used in imaging experiment. The samples were first ultrasonicated in water (100 µL) or 

tetrahydrofuran (100 µL) producing extracts for MS analyses. The extracts (0.3 µL) were separately 

applied to the AuNPET substrates (see below), The sample spots were air-dried and analyzed in the 

time-of-flight (ToF) mass spectrometer.  

 

LDI MS Imaging  

Measurements were performed using the time-of-flight mass spectrometer (Bruker 

Daltonics, Autoflex
TM

 Speed) in reflectron mode. The instrument is equipped with a pulsed, 352 nm 

solid-state laser (Bruker Daltonics, 1 kHz SmartBeam II) operated at a laser pulse repetition rate of 

1000 Hz and with a laser pulse energy of approximately 100−190 µJ. The spatial resolution in 
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imaging mode was 150 × 150 µm and, in each individual spot, mass spectra were recorded from 

500 laser shots, using the default random walk method (Bruker, FlexImaging 4.0).  Spectra were 

recorded in positive ion mode in the m/z range of 80-2000, with ions below m/z 80 deflected from 

the proper ion trajectory.  In reflectron mode, the operating conditions voltages were as follows: ion 

source 1, 19 kV; ion source 2, 16.7 kV; lens 8.4 kV; Reflector 1, 21 kV; reflector 2, 9.55 kV. The 

delay time was 150 ns. All spectra were externally mass calibrated using gold ion clusters (Au
+
 to 

Au
7+

). All images shown were constructed using an m/z window of ± 0.01%, and TIC normalization 

was used throughout.  

Tissue sample for MS imaging was used as received after surgery. The tissue surface 

selected for imaging has a dry appearance with no shiny, visible liquid on its surface. Material was 

transferred to the AuNPET target surface by allowing the two surfaces to touch each other for one 

second followed by sample removal and drying of target with flow of nitrogen. Peaks obtained in 

MS experiments were identified with the aid of Human Metabolome Database
24

 and LIPID 

Metabolites and Pathways Strategy.
25

 Experimental and calculated isotopic distributions were 

compared for all of ions listed in Table 1. Calculated/experimental m/z differences for all identified 

compounds are below 5 ppm. Other identification methods were also used as mentioned in Results 

and Discussion. 

 

RESULTS AND DISCUSSION 

AuNPET imaging of RCC specimen 

In order to test the applicability of AuNPET/MS to the analysis of human tissue, in general, 

and to cancer biomarker discovery, in particular, several series of analyses were conducted. The 

chosen object was surgically removed clear cell subtype of renal cell carcinoma with visible borders 

between cancerous tissue (RCC), perinephric fat and normal kidney tissue with distinguishable 

renal papilla, all separated by tumor pseudocapsule (Figure 1A). Material was transferred from the 
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RCC object to the AuNPET substrate by briefly touching the two surfaces, as described in Methods 

(Section 2.3). After drying with a flow of nitrogen gas for 2 minutes, the target was inserted into 

MS ion source. The process is very rapid; the total time required from receiving of cancer tissue 

until the target has been inserted into the ion source was 3-4 minutes. 

Material transferred from the object to the AuNPET surface was easily observed by visual 

examination or by optical low-magnification microscopy, allowing the appropriate area coordinates 

for the imaging to be specified in the software.  Additionally, a ‘chemical photograph’ of transferred 

material (Figure 1B) was constructed by superposing the ion images of m/z 207.1, 184.1 and 907.7, 

each containing information about different regions of the analyzed specimen. This kind of image 

was previously shown to be very helpful, both in determining the location of total material 

transferred to the AuNPET plate and in locating key-structural elements of the imaged object.
20

 The 

size of the imaged area of the RCC sample was ca. 25x15 mm. The spatial resolution was 150x150 

micrometer; mass spectra were obtained for 18719 pixels; and the time required to obtain the image 

was approximately 12 hours.  

The MS imaging data contains not only spatial information, but also information on what 

compounds are present in the sample. Comparison of list of peaks with HMDB database allowed to 

prepare list of peaks of interest which were additionally visually correlated with specimen structure. 

Interesting ions and their ion are shown in Table 1. It should be noted that all ions shown in Table 1 

were found in both water and THF extracts. 

One of the most interesting compounds found in LDI MS spectrum analysis was glutamine, 

considered to be a potential RCC biomarker.
26

 MS imaging proved that considering protonated ion 

intensities, this compound was found in external parts of both normal and cancer tissue regions 

(Figure 1 K). 
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Table 1. Tentative identification
24

 of selected mass peaks observed in the RCC MS imaging  

Compound name Ion formula m/zcalc.
1
 Image  

Glutamine
2
 [C5H10N2O3 + H]

+
 147.0764 Fig. 1K 

2-Propionyl-2-thiazoline
2
 [C6H9NOS + Na]

+
 166.0297 Fig. 1F 

Glutamic acid
2
 [C5H9NO4 + K]

+
 186.0163 Fig. 1D 

Dihydrowyerone
2
 [C15H16O4 + Na]

+
 283.0941 Fig. 1E 

Octadecanamide [C18H37NO+H]
+
 284.2948 Fig. 1I 

Eicosenoic acid
2
 [C20H38O2+H]

+
 311.2945 Fig. 1C 

3-(8,11,14-

Pentadecatrienyl)phenol
2
 

[C21H30O + K]
+
 337.1928 Fig. 1J 

Sodium oleate
2
 [C18H33O2Na + K]

+
 343.2010 Fig. 1G 

2-Methyl-5α-androst-2-en-17β-ol 

acetate 

[ C22H34O2 + K]
+
 369.2190 Fig. 1H 

4,4'-Diaponeurosporene
2
 [C27H43OF + K]

+
 441.2930 Fig. 2I 

Camelliol C
2
 [C30H50O + Na]

+
 449.3754 Fig. 2H 

DG(15:0/18:2)
2
 [C36H66O5 + Na]

+
 603.4959 Fig. 2J 

DG(14:0/20:0)
2
 [C37H72O5 + Na]

+
 619.5272 Fig. 2K 

PG(P-16:0/12:0)
2
 [C34H67O9P + H]

+
 653.4752 Fig. 2O 

DG(18:1/20:0) [C41H78O5 + Na]
+
 673.5747 Fig. 2N 

PG(14:1/14:1)
2
 [C34H63O10P + Na]

+
 685.4051 Fig. 2M 

PG(13:0/15:1)
2
 [C34H65O10P + Na]

+
 687.4208 Fig. 2L 

PG(14:1/20:5)
2
 [C40H67O10P + H]

+
 739.4545 Fig. 2S 

Solanesyl diphosphate
2
 [C45H76O7P2 + H]

+
 791.5139 Fig. 2R 

PE(40:2)
2
 [C45H86NO8P+H]

+
 800.6164 Fig. 2Q 

PS(18:3/20:5)
2
 [C44H70NO10P + H]

+
 804.4810 Fig. 2P 

PS(P-16:0/22:6)
2
 [C44H74NO9P + Na]

+
 814.4993 Fig. 2W 

PA(20:0/22:6)
2
 [C45H77O8P + K]

+
 815.4988 Fig. 2V 

Vinaginsenoside R11
2
 [C41H70O14 + K]

+
 825.4397 Fig. 2U 

PS(38:7)
2
 

 

[C44H72NO10P + Na]
+
 828.4786 Fig. 2T 

[C44H72NO10P + K]
+
 844.4525 Fig. 2G 

20:1-Glc-campesterol
2
 [C54H94O7 + H]

+
 855.7072 Fig. 2F 

TG(12:0/20:4/22:6)
2
 [C57H90O6 + H]

+
 871.6810 Fig. 2E 

PC(O-18:1/24:0)
2
 [C50H100NO7P + Na]

+
 880.7130 Fig. 2D 

TG(54:8)
2
 [C57H94O6 + Na]

+
 897.6943 Fig. 2C 

PC(O-22:1/22:2)
2
 [C52H100NO7P + Na]

+
 904.7130 Fig. 2B 

22:0-Glc-Campesterol
2
 [C56H100O7 + Na]

+
 907.7361 Fig. 2A 

1
Calculated m/z vaules; 

2
putative metabolite. DG: diacylglyceride; TG: triacylglyceride; PA: phosphatidylglycerol; PC: 

phosphocholine; PG: glycerophosphoglycerols; PS: phosphatidylserine; PE: glycerophosphoethanolamines. 
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Figure 1. Optical photograph of the imaged surface of the renal cancer carcinoma (RCC) specimen 

(A); sum of selected ion images with total abundance in each pixel displayed on a gray scale and 

with the different regions delineated by the yellow dashed lines (B). Images C-K present ion images 

for m/z values of 311.29 (C), 186.02 (D), 283.09 (E), 166.03 (F), 343.20 (G), 369.22 (H), 284.29 (I), 

337.19 (J) and 147.08 (K), respectively. Spatial resolution of ion images is 150 x 150 µm.  
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Figure 2. Ion images (A-W) of the same area of the RCC as shown in Figure 1 for m/z values of 

907.74 (A), 904.71 (B), 897.70 (C), 880.71 (D), 871.68 (E), 855.71 (F), 844.45 (G), 449.38 (H), 

441.29 (I), 603.50 (J), 619.53 (K), 687.42 (L), 685.41 (M), 673.57 (N), 653.48 (O), 804.48 (P), 

Page 11 of 19

ACS Paragon Plus Environment

Analytical Chemistry

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



12 

 

800.62 (Q), 791.51 (R), 739.45 (S), 828.47 (T), 825.44 (U), 815.49 (V), 814.49 (W) respectively. 

Spatial resolution – 150 x 150 µm.  

 

Inspection of the selected ion images reveals a variety of different patterns, which reflect the 

concentrations of the corresponding parent compounds.  Of particular interest are those compounds 

whose abundance correlates with the different tissue region, as illustrated in Figures 1A and 1B. For 

example, the ions of low polarity compounds found at m/z 311.29, 283.09, 343.20 and 337.19 

(Figure 1C,E,G,J) have the highest abundance in the perinephric fat region of analyzed specimen.  

Other ions, such as m/z 619.53, 653.48, 804.48, 791.51, 739.45 and 814.50 (Figure 2K,O,P,R,S and 

W, respectively) are detected at similar abundances throughput the images surface. Similarly, ion 

images visible in Figure 2C,G-I,Q,T,U, are having highest intensities in various parts of normal 

tissue. In contrast to the above mentioned distributions, images H (Figure 1) and N (Figure 2) 

present clearly highest ion intensities in cancer region. Compounds forming ions of m/z values of 

369.2190 (H) and 673.5747 (N) are discussed below. 

One of the most interesting single ion images can be seen in Figure 1I or Figure 3D and 

belongs to protonated octadecanamide ion. The confirmation of identity of this compound was 

aided by LIFT
TM

 fragmentation and also comparison of isotopic distribution (Supporting 

Information S1). Mentioned ion was found mainly in the cancer region of analyzed specimen, but 

also small regions of much lower intensity of this ion were found in normal tissue. Detailed analysis 

of this sample suggest that its presence in normal tissue region is associated with existence of blood 

vessel. As can be seen in Figure 3E, spectra extracted from cancer and normal tissue regions 

presents very big difference in intensity for this ion being few thousands for cancer and just dozens 

for normal tissue regions. It should be noted that much lower intensity of protonated 

octadecanamide ion peak in normal tissue region cannot be explained by less probable effects such 

as local differences of nanoparticle activity or different thickness of transferred material as 

intensities of neighboring gold ions Au
+
 (m/z approx. 197) and Au2

+
 (m/z approx. 394) are quite 
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similar in cancer (Figure 3A,C, top) and normal (Figure 3A,C, bottom) regions. This magnitude of 

difference of intensity of octadecanamide ion may be a very desirable feature considering detection 

of cancer tissue. Mentioned effect probably originate from high affinity of low-polarity compound 

to gold nanoparticles, an effect similar to nanoparticle-based solid phase extraction, a technique 

used for enrichment of low-polarity compounds.
27

  

 

 

Figure 3. Ion image generated for protonated octadecanamide ion, m/z 284.29 (D). Parts A-C and E 

of figure presents extracted spectra for areas marked with white squares for both cancer (B, upper 

spectrum) and normal region (B, lower spectrum) of the sample. 

 

Compound which cationisation product was found at m/z 369.2190 was analyzed with the 

use of LIFT fragmentation (Supporting Information S2) which proved that it contains one AcO 

group, at least two methyl groups and a steroid-type skeleton. Careful examination of potential 

candidates found in HMDB database suggested that only one compound fits to all of the conditions 

- 2-methyl-5-androst-2-en-17-ol acetate. However, also other isomers that are not listed in human 

metabolomic databases and containing above mentioned functional groups could also fulfill 

presented conditions. 
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Figure 4. Ion image generated for DG(18:1/20:0)-sodium adduct, m/z  673.57 (A). Part B of figure 

presents extracted spectra for areas marked with white squares for both cancer (B, upper spectrum) 

and normal region (B, lower spectrum) of the sample. 

 

One of the most interesting images obtained with the use of AuNPET LDI MS method is 

presented in Figure 4A. The comparison of this image with merged ion image (Figure 1B) proves 

that the most intense signals were found only on cancer region of the analyzed sample. Analysis of 

Figure 4A suggest that AuNPET-based imaging could be also considered useful for accurate 

distinguishing between malignant from normal renal tissue. Extracted spectra from cancer and 

normal regions (white squares, Figure 4 A) shown in Figure 4 B demonstrates that there is an 

unexpected, very high difference of intensity of m/z 673.57 ion peak. Mentioned peak intensity in 

cancer tissue was found to be in 200-280 range, while this values were much smaller for normal 

region being in 5-8 range of the relative intensity scale. The 25-56 higher intensity of this potential 

cancer biomarker is much higher than for the most of reported biomarkers.  

The 673.57 peak was identified as diglyceride DG(18:1/20:0)-sodium adduct on the basis of 

isotopic distribution as well as LIFT fragmentation (Supporting Information S3-5). It is noteworthy 

that discussed compound was never mentioned in literature as a potential RCC biomarker. What is 

more, this compound was absent in commonly made electrospray ionization (ESI)-based analysis of 
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the same cancer extract. The cause of this phenomenon is most probably high affinity of discussed 

diglyceride to gold nanoparticles.  

High concentration of DG in cancerous tissue as observed in our study may be connected 

with activity of phospholipase C (PLC) which is also dependent on protein kinase C. Numerous 

studies have shown involvement of protein kinase C (PKC) in cancerogenesis. PKC are a family of 

serine/threonine protein enzymes that directly controls function of other proteins by 

phosphorylation of hydroxyl group of serine and threonine. Mentioned enzyme also indirectly 

controls various cellular processes including proliferation and apoptosis. Dysregulation in the 

balance between those two processes contribute to cancerogenesis. Rising concentration of calcium 

ions (Ca
2+

) or diacylglycerol (DG) activates PKC and promotes its relocation from the cytoplasm to 

the cellular membrane. DG is the end product of hydrolysis of phosphatidylinositol 4,5-

bisphosphate (PIP2) by phospholipase C (PLC). Overexpression of different PKC-isomers were 

reported in bladder, brain, colon, breast, prostate and renal cancer. According to Brenner et al., 

increased expression of PKC correlates with renal cell carcinoma grading.
28

 Moreover, Chuize and 

co-workers have shown that the higher was the PKC (isomer alpha) membrane to cytosol (M/C) 

ratio, the more advanced was the renal carcinoma both in grade and stage.
29

 There is also growing 

evidence linking PLC expression to metastatic potential of the tumor by promoting neo-

angiogenesis and dysregulation of integrins.
30

 

From the medical point of view, current imaging methods (computer tomography, magnetic 

resonance imaging) nor intraoperative histological examination of resected specimen cannot 

differentiate between benign and malignant renal tumor. Such diagnosis pre-operatively can only be 

established with renal biopsy. However, it is not a standard procedure made before renal cancer 

surgery and it can be only employed in selected cases. It is made mainly to obtain histological 

results before ablative treatment, to select patients for surveillance approaches and in setting of 

metastatic disease to choose the most suitable targeted pharmacologic therapy. Studies have shown 

that up to 22% of renal biopsies are non-diagnostic.
31

 Insufficient specimen volume, interobserver 
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inconsistency in pathologic report, complicated renal tumors histopathology, histological 

heterogeneity within a tumor or tumor necrosis, all constitutes diagnostic difficulties.  

Because of high risk of positive surgical margins and unfavorable prognosis, European 

Association of Urology guidelines recommends to favor radical nephrectomy over nephron-sparing 

surgery (NSS)/partial nephrectomy for large renal tumors. However, after confirming non-

malignant nature of the tumor, possibly with intraoperative MS examination, when risk of positive 

margins is not clinically significant, NSS could be technique of choice. Those patients would 

benefit from lesser decline of renal function after surgery and have better quality of life. Numerous 

studies have shown that positive surgical margins after NSS may be as high as 7% and it is 

associated with increased risk of local recurrence. Standard intraoperative evaluation of frozen 

sections yields high false negative or inconclusive results and do not correlate well with final 

pathological result.
32,33

 A promising solution to this problem may be similar to the one shown by 

Eberlin who proved that mass spectrometric imaging may be a method of choice for assessing 

surgical margins after surgery for gastric cancer.
34

 Considering clear differentiation between tumor 

and normal tissue shown in Figure 4A, it may be stated that methodology presented in this work 

may be suitable for determination of surgical margins of ccRCC. 

 

CONCLUSIONS 

Laser desorption/ionization mass spectrometry with the use of nanoparticle-enhanced 

SALDI-type target AuNPET was used for analysis and imaging of normal and cancer tissue regions 

of a single specimen removed surgically from patient. Ion images produced for few dozens of 

compounds of interest presented attention-grabbing differentiation of intensities. Few most 

important compounds were discussed in detail with attention to their biological significance. 

Diglyceride DG(18:1/20:0) and octadecanamide were pointed out as a potential biomarkers. 
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