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The  characterization  of  differences  among  polar  lipid  classes  in  tumors  and  surrounding  normal  tis-
sues  of  20 kidney  cancer  patients  is performed  by hydrophilic  interaction  liquid  chromatography  (HILIC)
coupled  to electrospray  ionization  mass  spectrometry  (ESI–MS).  The  detailed  analysis  of  identified  lipid
classes  using  relative  abundances  of  characteristic  ions  in negative-  and  positive-ion  modes  is used for the
determination  of  more  than 120 individual  lipid  species  containing  attached  fatty  acyls  of  different  chain
length  and double  bond  number.  Lipid  species  are  described  using  relative  abundances,  providing  a  better
visualization  of  lipidomic  differences  between  tumor  and  normal  tissues.  The  multivariate  data  analysis
idney cancer
lycerophospholipids
ILIC-HPLC/ESI–MS
ultivariate data analysis

methods  using  unsupervised  principal  component  analysis  (PCA)  and  supervised  orthogonal  partial  least
square (OPLS)  are  used  for  the  characterization  of statistically  significant  differences  in identified  lipid
species.  Ten  most  significant  up-  and  down-regulated  lipids  in  OPLS  score  plots  are  also  displayed  by
box  plots.  A  notable  increase  of relative  abundances  of lipids  containing  four  and  more  double  bonds  is
detected  in  tumor  compared  to normal  tissues.

© 2015  Elsevier  B.V.  All  rights  reserved.
. Introduction

Kidney cancer ranks among 10 most common cancers for
oth men  and women, representing approximately 3% of adult
umors [1,2]. Renal cell cancer (RCC) represents more than 90%
f malignant kidney tumors. The principal histological RCC sub-

ypes include clear cell RCC (70–80%), papillary RCC (10–15%) and
hromophobe RCC (3–5%). RCC is characterized by the resistance
o virtually all cytotoxic agents. Before the advent of targeted

Abbreviations: aCN, average carbon number; aDB, average double bond;
E, cholesteryl esters; CN, carbon number; DB, double bond; ESI, electrospray

onization; HILIC, hydrophilic interaction liquid chromatography; HPLC, high-
erformance liquid chromatography; Chol, cholesterol; IS, internal standard; LPA,

ysophosphatidic acids; LPC, lysophosphatidylcholines; MDA, multivariate data
nalysis; MS,  mass spectrometry; NP, normal phase; OPLS, orthogonal partial
east square; PC, phosphatidylcholines; PCA, principal component analysis; PE,
hosphatidylethanolamines; PI, phosphatidylinositols; RCC, renal cell cancer; RF,
esponse factor; RP, reversed phase; SM,  sphingomyelins; TG, triacylglycerol.
∗ Corresponding author. Fax: +420 466037068.

E-mail address: Michal.Holcapek@upce.cz (M.  Holčapek).
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570-0232/© 2015 Elsevier B.V. All rights reserved.
therapy, surgery was  the only effective treatment of this tumor.
However, only a small proportion of patients with metastatic dis-
ease could be cured with surgery. Cytokines, the only systemic
agents with some reproducible activity, were effective only in a
minority of patients. Targeted therapy has changed the natural
course of metastatic RCC. In the last decade, a number of targeted
agents have been introduced, including multiple tyrosine kinase
inhibitors sunitinib, sorafenib, axitinib and pazopanib, the mono-
clonal antibody bevacizumab and mammalian target of rapamycin
inhibitors everolimus and temsirolimus. Despite this progress, few,
if any, patients are cured by currently available drugs. In the search
of new effective therapies novel molecular targets associated with
malignant transformation have to be identified.

Lipids play an essential role in many biological processes,
including the formation of cellular or intracellular membranes
and compartments, the energy storage, the synthesis of hor-
mones and the signal transduction [2–4]. The disruption of lipid

metabolism and associated signaling pathways alters cellular func-
tion resulting in a spectrum of disorders, including the cancer.
For example, palmitic acid (16:0) is a substrate for the formation
of lipids required for the cellular proliferation and tumorigenic

dx.doi.org/10.1016/j.jchromb.2015.07.011
http://www.sciencedirect.com/science/journal/15700232
http://www.elsevier.com/locate/chromb
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jchromb.2015.07.011&domain=pdf
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Fig. 1. (A) Positive-ion HILIC-HPLC/ESI–MS of total lipid extracts of normal (black line) and tumor (red line) tissues of a patient with clear cell type of kidney cancer. HPLC
conditions: column Spherisorb Si (250 × 4.6 mm,  5 �m),  flow rate 1 mL/min, separation temperature 40 ◦C, gradient 0 min  – 94% A + 6% B, 60 min – 77% A + 23% B, where A is ace-
tonitrile and B is 5 mM aqueous ammonium acetate. (B) Comparison of average concentrations [�mol/g] of individual lipid classes in normal and tumor tissues for 20 patients
with  their standard errors. Peak annotation: TG – triacylglycerols, Chol – cholesterol, CE – cholesteryl esters, PI – phosphatidylinositols, PE – phosphatidylethanolamines, IS
– ospha
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 internal standard, PC – phosphatidylcholines, SM – sphingomyelins, LPC – lysoph
y  an asterisk, where * refers to the significance p ≤ 0.05 and ** p ≤ 0.01. (For interp
ersion of this article.)

ipid signaling, while lysophosphatidic acids (LPA) and some spe-
ific eicosanoids serve as proliferative receptors. On the other
and, ceramides and sphingosines have antiproliferative and pro-
poptotic activity and are involved in the programed cell death
3–7]. Furthermore, arachidonic acid (20:4) belongs to major n-

 polyunsaturated fatty acids that affect increased production of
nflammatory mediators [4].

Many studies addressing the lipidomic analysis of various bio-
ogical samples benefit from high sensitivity and selectivity of the
oupling of high-performance liquid chromatography and mass
pectrometry (HPLC/MS). The separation in normal phase (NP) [8,9]
r hydrophilic interaction liquid chromatography (HILIC) systems
10] enables the lipid class separation according to the polarity.
eversed phase (RP) HPLC on nonpolar stationary phases is fre-
uently used for the separation of individual lipid species according
o the fatty acyl chain length [11]. The quantitative analysis of lipids
an be performed using the MS  with the direct infusion (shotgun
ipidomics) or HPLC/MS approaches. Shotgun is the most frequently
sed technique due to the rapid nontargeted analysis using pre-
ursor ion and neutral loss scans, which are well characterized for
any lipid classes [12–14]. HPLC/MS approach was  developed for

he quantitation of separated lipid classes using the internal stan-
ard (IS) per each lipid class [15] or the combination of the single
S and response factors (RF) of individual lipid classes related with
his IS [16,17].

Lipidomic analysis of RCC tissues and normal kidney tissues was
erformed using HPLC/MS [18], where significantly increased lev-
tidylcholines. Statistically significant differences according to T-test are indicated
on of the references to color in this figure legend, the reader is referred to the web

els of cholesteryl esters (CE) and triacylglycerols (TG) and decreased
levels of phosphatidylethanolamines (PE) and sphingomyelins
(SM) in tumor tissues were reported. Mass spectrometry imag-
ing using matrix-assisted laser desorption/ionization or desorption
electrospray ionization was used for the relative comparison of
tumor and surrounding normal tissues [19–22]. Increased absolute
intensities for PI 18:0/20:4, PS 18:0/18:1 and PI 22:4/18:0 were
reported [19,21] in kidney tumor tissues using the desorption elec-
trospray ionization imaging. Analyses of lipids in plasma from RCC
patients using 31P nuclear magnetic resonance showed decreased
concentrations of lysophosphatidylcholines (LPC) in comparison
with healthy volunteers [23].

Multivariate data analysis (MDA) is a valuable approach for
the evaluation of extensive data sets, providing significantly more
information compared to the univariate data analysis [24–27].
The principal component analysis (PCA) is the most widespread
nonsupervised method for the visualization of data sets using con-
verted uncorrelated variables called principal components. Score
plots serve for the projection of clustering of observed data, while
loading plots describe clustering patterns. Orthogonal partial least
square (OPLS) is a supervised method, where the group identifica-
tion is set up in model parameters. OPLS method may  use S-plots for
a better visualization of clustering patterns including the influence

of magnitude and reliability of variables.

The aim of the present study is to characterize lipidomic differ-
ences between kidney tumors and surrounding normal tissues in
a cohort of 20 kidney cancer patients using our validated HILIC-
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PLC/ESI–MS method [17]. This method allows the quantitation of
ve lipid classes separated in HILIC mode and also the detailed anal-
sis of individual lipid species inside these classes using relative
bundances of characteristic ions in the negative- and positive-
on ESI mass spectra. The statistical evaluation of obtained data
et for all patients using unsupervised PCA and supervised OPLS
nables to identification of lipids with the highest impact on the
roup separation.

. Experimental

.1. Materials

Acetonitrile, methanol, 2-propanol (all HPLC/MS grade), chlo-
oform (HPLC grade stabilized by 0.5-1% ethanol), ammonium
cetate and sodium chloride were purchased from Sigma–Aldrich
St. Louis, MO,  USA). Deionized water was prepared with a
emiwa 5-roi purification system (Watek, Ledeč nad Sáza-
ou, Czech Republic). N-dodecanoyl-heptadecasphing-4-enine-1-
hosphoethanolamine (d17:1/12:0) used as an internal standard
IS) for the quantitative analysis was purchased from Avanti Polar
ipids (Alabaster, AL, USA). Tumor tissues and surrounding normal
issues of 20 kidney cancer patients (Table S1) were obtained from
he Department of Urology, Palacký  University, Faculty of Medicine
nd Dentistry and University Hospital, Olomouc, Czech Republic.
he study was approved by the Hospital Ethical Committee, and all
atients signed informed consent.

.2. Sample preparation

Samples of kidney tumor and normal kidney tissue were
btained during the surgery, immediately frozen and stored at
80 ◦C until the sample processing and the analysis. Human kidney

issues were prepared using chloroform–methanol–water extrac-
ion according to a Folch method [28]. Briefly, 250 mg  of kidney
issue and 25 �L of 3.3 mg/mL  IS were homogenized with 5 mL  of
hloroform–methanol (2:1, v/v) mixture. The filtered homogenate
as mixed with 1 mL  of 1 mol/L sodium chloride and centrifuged

t 3000 rpm for 5 min  at room temperature. Bottom chloroform
ayer containing lipids was  evaporated by a stream of nitrogen and
edissolved in 1 mL  of chloroform–2-propanol mixture (1:1, v/v).

.3. HPLC/MS conditions

Total lipid extracts were analyzed by HPLC/MS method
escribed previously [10,17]. The liquid chromatograph Agilent
290 series (Agilent Technologies, Waldbronn, Germany) was cou-
led with the Esquire 3000 ion trap analyzer (Bruker Daltonics,
remen, Germany). The separation of individual lipid classes was
erformed on a Spherisorb Si column (250 × 4.6 mm,  5 �m,  Waters,
ilford, MA,  USA), a flow rate of 1 mL/min, an injection volume

f 1 �L, column temperature of 40 ◦C and a mobile phase gra-
ient: 0 min  – 94% A + 6% B, 60 min  – 77% A + 23% B, where A
as acetonitrile and B was 5 mmol/L aqueous ammonium acetate.

ipids were detected in positive- and negative-ion ESI–MS modes
n the mass range m/z  50–1000 with the setting of pressure of the
ebulizing gas 60 psi, drying gas flow rate 10 L/min and tempera-
ure of the drying gas 365 ◦C. The quantitation of individual lipid
lasses was achieved by the single IS and response factors obtained
rom calibration curves as described previously [17]. Individual
ipid species were analyzed using relative abundances of depro-

onated molecules [M-H]− for PE and PI classes and [M-CH3]− ions
or PC class in the negative-ion mode [17]. Individual SM species

ere analyzed using relative abundances of protonated molecules
M + H]+ in the positive-ion mode due to the low signal intensity
r. B 1000 (2015) 14–21

in the negative-ion mode. The low energy collision induced dis-
sociation tandem mass spectrometry (MS/MS) experiments were
performed for the most significant lipid species with the isola-
tion width of m/z 4, the collision amplitude of 1 V and helium as
a collision gas.

2.4. Statistical data analysis

MDA  was  performed using PCA and OPLS methods in the SIMCA
software, version 13.0 (Umetrics, Umeå, Sweden). Data were pre-
processed before the statistical analysis using the Pareto scaling.
All models were characterized by score plots, loading plots and
S-plots listed in Table S2. Statistically significant differences in
graphs were calculated using the T-test, where * refers to the signif-
icance p ≤ 0.05 (5%), **p ≤ 0.01 (1%) and ***p ≤ 0.01 (0.1%). Box plots
describe values of median, minimum, maximum and the variability
of data sets using the first and third quartiles.

3. Results and discussion

3.1. Quantitative analysis of polar lipid classes

Among 20 samples analyzed, 19 cases are RCC (18 cases of clear
cell RCC and one case of papillary RCC), while the rare Wilms
tumor is diagnosed in one case. No statistically relevant differ-
ences are observed in our data for clear cell RCC, papillary RCC
and Wilms  tumor, so the data are treated as one group of kidney
cancer. Total lipid extracts are analyzed using our previously devel-
oped HILIC-HPLC/ESI–MS method [17,29], which was validated for
the quantitation of polar lipid classes using single IS (sphingosyl
PE d17:1/12:0) and response factors calculated from their cali-
bration curves [16,17]. Fig. 1A shows a baseline separation of PI,
PE, PC, SM and LPC classes and the IS. Different peak shapes of
some lipid classes are observed between normal (gray line) and
tumor (red line) tissues for one patient, which is caused by different
lipidomic composition inside these classes (Table S3). The present
HILIC-HPLC/ESI–MS method is not applicable for the quantitation of
nonpolar lipid classes, namely TG, CE and cholesterol (Chol), due to
their elution in the system void volume. Mean lipid class concen-
trations of 20 kidney cancer patients significantly differ between
normal (gray columns) and tumor (red columns) tissues for some
lipid classes, with PE, LPC and SM showing the highest variance
(Fig. 1B). Numerical values of mean concentrations and their stan-
dard deviations are listed in Table S4. Decreased levels of PE, SM
and LPC in kidney tumor tissues in comparison with surrounding
normal tissues are in agreement with previous reports [18,23].

3.2. Detailed analysis of individual lipid species

Individual lipid species inside classes are described using rela-
tive abundances of characteristic ions in ESI mass spectra obtained
by the peak integration of given lipid class in the HILIC chro-
matogram. Deprotonated molecules [M-H]− are used for the
analysis of individual PE and PI species and [M-CH3]− ions for PC
in the negative-ion mode, while protonated molecules [M + H]+ are
used for SM species in the positive-ion mode. In this study, the rel-
ative quantitation (in%) calculated based on relative abundances
of their characteristic ions is preferred for individual lipid species
(Figs. 2 and 3, ), which is especially useful for better visualization
of lipid changes between tumor and normal tissues. The absolute
quantitative data (in �mol/g) are calculated as relative abundances
of individual lipid species multiplied by the total concentration of

this lipid class (Fig. S1 and S2). The deisotoping of mass spectra for
all described lipid species is performed using the Excel script, where
isotopic patterns are calculated using the Isotope pattern software
(Bruker Daltonics). The identification of prevalent combination of
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Fig. 2. Relative abundances [%] of individual species in normal and tumor tissues of 20 pa
[M-H]− and [M-CH3]− ions, respectively, in the negative-ion HILIC-HPLC/ESI–MS. Statistic
refers  to the significance p ≤ 0.05, ** p ≤ 0.01, and *** p ≤ 0.001.
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ig. 3. Comparison of relative abundances of the sum of pPE+ePE species and the
um of pPC+ePC species in normal and tumor tissues for 20 patients. Bars indicate
tandard error.
ttached fatty acyls and their positions on the glycerol skeleton of
he most significant lipid species for differentiation of tumor and
ormal tissues was additionally performed using MS/MS  spectra in
he negative-ion mode. Individual lipid species are characterized
tients with kidney cancer: (A) PE and (B) PC determined by relative abundances of
ally significant differences according to T-test are indicated by an asterisk, where *

by attached fatty acyls annotated by their total carbon number and
double bond number (CN:DB). Some lipid species (e.g., PE and PC)
can also differ in the type of fatty acyl linkage to the glycerol skele-
ton in the sn-1 position. The ester linkage of fatty acyls in both sn-1
and sn-2 positions (diacyls) is referred as aPE and aPC. The ether
linkage of fatty acyls in sn-1 position (1-alkyl-2-acyl) is referred as
ethers (ePE and ePC) and the vinyl ether linkage in sn-1 position
(1-alkenyl-2-acyl) corresponds to plasmalogens (pPE and pPC).

3.3. Characterization of lipid species differences

Fig. 2A shows mean relative abundances of 45 PE species in
tumor tissues (red columns) and surrounding normal tissues (gray
columns) of 20 kidney cancer patients. The statistical significance
is calculated using T-test. PE P-38:4 or O-38:5 (PE P-18:0/20:4
– prevalent combination of attached fatty acyls identified using
MS/MS  spectrum), PE P-38:5 or O-38:6 (PE P-18:0/20:5) and PE
36:1 (PE 18:0/18:1) are the most up-regulated PE species in tumor
tissues, while PE 38:4 (PE 18:0/20:4), PE 36:4 (PE 16:0/20:4) and PE

34:2 (PE 16:0/18:2) are the most down-regulated species (Fig. 2A).
All plasmalogen PE species containing more than 4 DB, which
means one polyunsaturated fatty acyl on the glycerol skeleton,
are up-regulated. Furthermore, the same trend is observed for PE
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Fig. 4. Relative abundances [%] of individual species in normal and tumor tissues of 20 patients with kidney cancer: (A) PI and (B) SM determined using relative abundances
o HPLC/
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f  [M − H]− and [M + H]+ ions, respectively, in the negative and positive-ion HILIC-
sterisk,  where * refers to the significance p ≤ 0.05, ** p ≤ 0.01, and *** p ≤ 0.001.

pecies with CN equal to 40. Relative abundances of saturated (0
B), low unsaturated (1–3 DB) and high unsaturated (4–6 DB) fatty
cyls, average CN (aCN) and average DB (aDB) are calculated in
able S3. The highest differences are observed for the group of
PE, where saturated fatty acyls decrease and high unsaturated
cyls increase in tumor tissues. In other cases, differences are less
ronounced.

The comparison of relative abundances of individual PC species
Fig. 2B) in tumor and normal tissues for 20 patients indicates 25
tatistically significant differences in PC according to the T-test. The
ost up-regulated species are PC 38:4 (PC 18:0/20:4), PC 36:2 (PC

8:0/18:2) and PC 32:0 (PC 16:0/16:0), and down-regulated PC 34:2
16:0/18:2), PC 36:4 (16:0/20:4) and PC 34:1 (16:0/18:1), which is
n an excellent agreement with previous work [22]. Values of aCN
nd aDB for all PC species are similar, but significant differences
etween both tissues are observed for saturated and high unsat-
rated fatty acyls in pPC + ePC and aPC groups (Table S3). Relative

bundance of saturated fatty acyls in pPC + ePC decrease about 22%
n tumor tissues in comparison with surrounding normal tissues.
he vinyl-ether bonds of plasmalogens are more sensitive to the
xidation by free radicals and protect membrane lipids against the
ESI–MS. Statistically significant differences according to T-test are indicated by an

oxidation associated with inflammatory response. Therefore, rela-
tive abundances of plasmalogens and ethers in PE and PC classes
are reported for normal and tumor tissues in Fig. 3. The relative
proportion of pPE + ePE group in PE lipid class forms 36% in normal
tissues and 51% in tumor tissues, while pPC + ePC represents about
23% of all PC species in both tissues.

Relative abundances of 23 individual PI species are shown
in Fig. 4A and indicate 5 statistically significant up-regulated PI
species in tumor tissues, namely PI 38:5 (PI 16:0/22:5), PI 36:2 (PI
18:1/18:1), PI 40:5 (PI 18:0/22:5), PI 40:4 (PI 20:0/20:4) and PI 36:0
(18:0/18:0). These results are again in agreement with previous
reports [19,21]. The species exhibiting highest down-regulated PI
species are PI 36:1 (PI 18:0/18:1), PI 36:4 (PI 16:0/20:4) and PI 34:1
(PI 16:0/18:1). In comparison with other classes, the highest differ-
ences in the saturation of fatty acyls between normal and tumor
tissues are observed for unsaturated fatty acyls, where low unsat-
urated decrease and high unsaturated increase in tumor tissues

(Table S3).

Only 4 statistically significant SM species, namely SM 36:2, SM
36:1, SM 38:2 and SM 38:1, are identified using T-test by compari-
son of relative abundances of normal and tumor tissues (Fig. 4B). All
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Fig. 5. Multivariate data analysis of relative abundances of all lipids in normal and tumor tissues: (A) the score plot of unsupervised PCA method, (B) the score plot and (C)
t lipids 
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he  S-plot of supervised OPLS method describing up-regulated and down-regulated 

s  referred to the web version of this article.)

bove mentioned SM species are down-regulated in tumor tissues
nd are formed by low unsaturated fatty acyls (Table S3). Individ-
al fatty acyls on the glycerol skeleton cannot be identified using
S/MS  spectra due to low signal intensities in the negative-ion
ode. The analysis of individual LPC species cannot be performed

+
ue to low intensities of protonated molecules [M + H] in the
ositive-ion ESI spectra.

HILIC-HPLC/ESI–MS method has already been used for the deter-
ination of lipidomic differences between tumor and surrounding
in tumor tissues. (For interpretation of the references to color in the text, the reader

normal tissues of 10 breast cancer patients [29]. A statistically sig-
nificant increase of concentrations of all mentioned lipid classes
and a decrease of relative abundances of pPE + ePE group were
detected in breast tumor tissues. Lipids with the general formula
34:1 (combination of 16:0 and 18:1) are significantly increased in

breast tumor tissues. Opposing trends are observed in kidney can-
cer. Nevertheless, glycerophospholipids with the general formula
36:4 (combination of 16:0 and 20:4) have shown marked decrease
in tumor tissues for both cancer patient groups.
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Fig. 6. Box plots describing the five most important (A) up-regulated and (B) down-
regulated lipids in normal (gray) and tumor (red) tissues obtained using OPLS
method. Each boxplot characterizes the variability of data sets using average values
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f  median, first and third quartiles, minimum and maximum.

.4. Statistical evaluation of identified lipid species

Relative abundances of all identified lipid species in normal
nd tumor tissues are statistically evaluated using the SIMCA soft-
are. At first, the data set is analyzed using unsupervised PCA
ethod, which reduces the multidimensionality of the data to

wo-dimensional system characterized by principal components
ithout any input specification of groups. The score plot of PCA
ethod (Fig. 5A) shows a clear clustering of tumor tissues (red

oints) and normal tissues (gray points) except for 1N and 2N. The
rst component in PCA method explains 24.4% of the variation and

he second component 20.7%. Subsequently, the supervised OPLS
ethod is used to further improve the group clustering, because

his statistical method has the input information on the group
ssignment. The score plot of OPLS method (Fig. 5B) shows the
xcellent group separation of normal and tumor tissues for all
atients without any outliers. Larger variability is observed for the
umor group in contrast to the normal group, which can be probably
xplained by different tumor subtypes and tumor cell heterogene-
ty. Patterns of group clustering in OPLS score plot are visualized in
he S-plot (Fig. 5C). The S-plot does not describe only the direction of
egulation but also the reliability and magnitude of individual lipid
pecies. The upper right corner of the S-plot shows up-regulated
ipid species in tumor tissues, while the lower left corner down-
egulated species. PE 38:3 is the up-regulated lipid with the highest
eliability and high magnitude, while PE 36:4 is the most significant
own-regulated lipid. Lipid species in the middle of the diagram
lose to zero on both axes have a low statistical significance for
he group differentiation and therefore they are not annotated. The
-plot allows for the characterization of five most significant up-
egulated species: PE 38:3 (PE 18:0/20:3), PE P-40:4 or O-40:5 (PE
-18:0/22:4), PE P-40:5 or O-40:6 (PE P-18:0/22:5), PE 40:4 (PE

8:0/22:4) and PE 40:5 (PE 18:0/22:5) and down-regulated: PE 36:4
PE 16:0/20:4), PE 34:2 (16:0/18:2), PI 34:0 (16:0/18:0), PE 36:3
PE 18:1/18:2) and PI 32:0 (PI 16:0/16:0) lipid species. These 10
r. B 1000 (2015) 14–21

lipids shown in box plots (Fig. 6) represent the largest differences
between normal and tumor tissues with a low standard deviation
of values. The central line in the box plot shows the value of median,
the lower part represents the first quartile and the upper part is the
third quartile. Extreme lines show minimum and maximum values.

Kidney cancer is a very heterogeneous group of malignant neo-
plasms. Most specimens examined in the present pilot study are
clear cell RCC. With only a single case each of papillary RCC and
Wilms  tumor, no conclusions can be drawn about the lipid com-
position of these relatively rare kidney cancers. While currently
the targeted treatment of advanced RCC relies on agents inhibiting
the vascular endothelial growth factor and mammalian target of
rapamycin pathways, novel drugs with other mechanisms of action
start to emerge. With the advent of phosphatidylinositol 3 kinase
inhibitors or other drugs targeting lipid-associated pathways, the
understanding of changes of lipid metabolism in tumors may  be of
significance for the targeted therapy. Advances of targeted ther-
apy are dependent on the development of predictive molecular
biomarkers that may  also include lipids. Present data open the
way for the further research on the changes of lipid composition
as biomarkers of response. The identification of lipid biomarkers
could also aid in the early diagnosis, including the screening. The
incidence of RCC in the Czech Republic is highest in the world,
and depending on the availability of reliable diagnostic biomarkers
screening programs can be envisaged.

4. Conclusions

HILIC-HPLC/ESI–MS method allows for the lipidomic character-
ization of tumors and surrounding normal tissues in a pilot study of
20 renal cell cancer patients. The decrease of total concentrations
of PE, SM and LPC classes in tumor tissues compared to normal
tissues is statistically significant according to the T-test. The most
pronounced trend is observed for glycerophospholipids with a gen-
eral formula 36:4 (PE 16:0/20:4, PC 16:0/20:4 and PI 16:0/20:4),
which exhibit a significant decrease of relative concentrations in
tumor tissues. PE 36:4 is the most markedly down-regulated lipid
in the S-plot of OPLS method. Palmitic acyl (16:0) is associated with
the proliferation and arachidonic acyl (20:4) with inflammatory
processes in the organism and these effects are associated with the
tumor progression. Most up-regulated lipid species are PE species
containing one polyunsaturated fatty acyl (22:4 and 22:5) except
for PE 38:3 (18:0 and 20:3), while all down-regulated lipid species
contain mainly saturated or eventually low unsaturated fatty acyls
except for PE 36:4 containing arachidonic acyl. The association of
saturation level with the tissue type is noticed for 10 most signifi-
cantly regulated lipids.
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